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Abstract 

It is predicted that climate change will result in the diminution of water resources available both on global 
and regional scales. Local climate change is harder to observe and therefore, while counteracting its effects, it 
seems advisable to undertake studies on pertinent regional and local conditions. In this research, our aim was to 
assess the impact of a river and its catchment on fluctuations in the water availability in a natural lake which be-
longs to a post-glacial river and lake system. River and lake systems behave most often like a single interacting 
hydrological unit, and the intensity of water exchange in these systems is quite high, which may cause temporary 
water losses. This study showed that water in the analyzed river and lake system was exchanged approx. every 
66 days, which resulted from the total (horizontal and vertical) water exchange. Also, the management of 
a catchment area seems to play a crucial role in the local water availability, as demonstrated by this research, 
where water retention was favoured by wooded and marshy areas. More intensive water retention was observed 
in a catchment dominated by forests, pastures and wetlands. Wasteland and large differences in the land eleva-
tion in the tested catchment are unfavourable to water retention because they intensify soil evaporation and ac-
celerate the water run-off outside of the catchment. Among the actions which should be undertaken in order to 
counteract water deficiencies in catchment areas, rational use and management of the land resources in the 
catchment are most often mentioned. 

Key words: evapotranspiration, hydrological condition, meteorological condition, precipitation, river-lake  
system 

INTRODUCTION 

While foreseeing future global warming and in-
creased human interference with the environment, 
global natural water resources are considered to be 
threatened. It is estimated that climate change will 
lead to the diminution of available water resources 
(specifically the increase in air temperature by 2°C, 
according a model of basic data from 1980–2000) 
[SCHEWE et al. 2014]. Until now, water has been con-
sidered a resource which is renewed as a result of its 

circulation in nature, affected mostly by meteorologi-
cal conditions, i.e. precipitation, temperature and oth-
er vectors of climate change [SCHEWE et al. 2014]. 
However, based on the studies carried out thus far, 
a decrease in water availability is anticipated [HAD-
DELAND et al. 2014], both in the regional context – for 
instance a decrease in the water availability in north-
western England in the next 25 years [FARMANI et al. 
2012] – and on the global scale. Consequences in-
clude above all constantly decreasing amounts of 
freshwater. Water deficiency lowers the levels of food 
safety and economic welfare in many countries 
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[SCHEWE et al. 2014]. Climate elements in Olsztyn 
Lake District, a physicogeographical mesoregion lo-
cated in Masurian Lake District, have been observed 
to change since 1848. For example, an increase in air 
temperature by about 0.6°C each 100 years has been 
documented as well as a deficit in the climatic water 
balance noted after 1990 [OKOŃSKI et al. 2009]. Haz-
ard is posed not only by the steadily decreasing 
amount of water, but also by its constantly deteriorat-
ing quality. For example, Lake Symsar presents a se-
rious water quality problem caused by the influx of 
domestic sewage [POTASZNIK et al. 2014]. 

Climate change is harder to observe in the local 
context and therefore, while counteracting its effects, 
it seems justified to undertake actions aimed at ana-
lyzing and investigating regional and local conditions 
and limitations [FARMANI et al. 2012]. Most of all, 
regions with arid climates, high temperatures and 
evaporation exceeding precipitation are exposed to the 
problem of water shortages. However, because of 
some unreasonable human actions, where preserva-
tion of the balance between the water supply and de-
mand is neglected [FARMANI et al. 2012], this prob-
lem is also slowly emerging in other regions, with 
climates hitherto considered favourable. The Masuri-
an Lake District is a region which enjoys quite fa-
vourable meteorological conditions, compared to the 
other parts of Poland. The lake district lies in an area 
where maritime and continental climates clash. The 
amount of precipitation is 600 mm, and the average 
temperature is approx. 6.5°C. Numerous lakes and 
forests affect the local microclimate significantly 
[KONDRACKI 2000; STACHY et al. 1987; WACNIK et 
al. 2014]. 

According to HADDELAND et al. [2014], the con-
struction of water storage reservoirs has had an enor-
mous influence on the global water balance. The pres-
ence of surface water bodies in a region favours the 
formation of a corresponding microclimate, and con-
sequently limits water loss by evaporation. Microcli-
mate is a characterized as a set of meteorological fac-
tors specific in a given site [SUN, CHEN 2012]. In 
a water balance analysis, the difference between the 
water income and the water outflow is examined, or 
else the difference between the amount of precipita-
tion, surface and underground water inflow versus the 
amount of transpiration, evaporation, and surface and 
underground water outflow is considered [BA-
JKIEWICZ-GRABOWSKA, MIKULSKI 1996]. Most often, 
water bodies and reservoirs located in terrain hollows, 
extremely shallow and having small catchment areas, 
are particularly exposed to water loss as a result of 
climate change [SOJA et al. 2013]. On the other hand, 
in water bodies of the postglacial origin (type of lake: 
tunnel-valley lakes), characteristic for the discussed 
lake district, water escapes mostly through surface 
outflow. Generally, post-glacial lakes often form riv-
er-lake systems, or combinations of lakes and rivers 
flowing through them, often behaving as a single in-
teracting hydrological unit [WASSENAAR et al. 2011]. 

The intensity of water exchange in these systems is 
quite high, which may contribute to temporary water 
losses. The soil/water balance in the catchment area, 
dependent on land cover, the needs of plants and me-
teorological conditions (precipitation and tempera-
ture), also has a significant impact on the resources of 
available water. Evaporation from exposed ground is 
more intensive than in wooded areas, because forests 
reduce wind velocity [DUPONT et al. 2015], whereas 
the wind reduces the air humidity deficit. Therefore, 
planning alternative strategies for land use in area 
management seems to be crucial in counteracting the 
problem of water deficiencies [FARMANI et al. 2012]. 

The aim of the study was to analyze the varibil-
ity of water aviability in a catchment of a lake repre-
senting a river-lake system, in response to changing 
meteorological conditions. In this article, an attempt 
will be made to review meteorological conditions in 
the 2012–2014 hydrological years, and to identify 
hydrological conditions in direct catchments of this 
lake and in the catchments of its inflows. Also, we 
will make an analysis of the impact of meteorological 
conditions on water availability in the catchments and 
finally we will determine the influence of meteoro-
logical conditions of water exchange in the lake, in-
cluding precipitation, evapotranspiration, surface in-
flow and outflow.  

METHODOLOGY 

RESEARCH SITE 

Lake Symsar is located in Olsztyn Lake District, 
whose geomorphological conditions were shaped dur-
ing the last glaciation, hence the presence of numer-
ous end moraines, with prevalent glacial clays of var-
ious types of texture, and with the dominance of sand 
and gravel fractions. The textural composition defined 
as the particle size distribution of particulate material, 
may have impact on the macronutrient content of soil 
[CHODAK et al. 2005]. Height differences in the area 
reach 20 metres. Lake Symsar is a flow-through lake, 
the last one in the course of the Symsarna River, 
which flows into the lake’s south-eastern side and 
flows out of it in the northern direction, towards Li-
dzbark Warmiński. The river flows out from Lake 
Luterskie (average depth h: 7.2 m), and intersects the 
lakes: Ławki (h: 4.1 m), Blanki (h: 4.9 m) and Symsar 
(h: 4.9 m – Fig. 1).  

Lake Symsar is a remnant of a tunnel valley and 
is characterized by an elongated shape and diversified 
bottom. Its maximum depth is 9.1 m. The lake holds 
6 639 500 m3 of water.  

The total catchment area (i.e. together with the 
Symsarna River’s catchment area) is 100 times larger 
than Lake Symsar, and equals 1.35 km2 surface area. 
On the other hand, the direct catchment area covers 
2.2 km2, with two dominant types of land use around 
the lake, i.e. forests (45%) and arable land (49%) 
(Tab. 1). 
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Fig. 1. The course of the Symsarna River; h = average depth of lake; source: own elaboration 

Table 1. The land use of the catchment area of Lake Symsar  

Land cover Area, ha 
Direct catchment of Lake Symsar 

Forests 100.0 
Grass/pastures/arable lands 109.0 
Wetlands 10.0 
Lack on plant cover (e.g. roads) 1.0 

Catchment of Tolknicka Struga 
Forests 240.0 
Grass/pastures/arable lands 1.544.0 
Wetlands 142.0 

Catchment of stream I 
Forests 162.0 
Grass/pastures/arable lands 38.5 
Wetlands 79.5 

Catchment of stream II 
Forests 92.0 
Grass/pastures/arable lands 49.0 

Lake Symsar 
Water table 121.3 
Rushes 14.2 

Source: own elaboration based on Geoportal [2016] data. 

The research includes an analysis of water ex-
change in Lake Symsar and water availability in 
catchments around the lake (direct lake’s catchment 
and catchments of its inflows: the Tolknicka Struga, 
stream I and II – Fig. 2). 

There are some smaller watercourses flowing in-
to Lake Symsar, apart from the Symsarna River. From 
the east, it is the Tolknicka Struga (TS). Additionally, 
wastewater from the Klutajny housing estate, pre-

treated in a mechanical (until July 2014) and now me-
chanical-biological plant with the use of microorgan-
isms and an oxygenation system, flows into the lake 
(Fig. 2). The catchment area of the Tolknicka Struga 
(TS), with the surface cover of 19.3 km2, is dominated 
by arable land (80%, some used periodically as pas-
tures), while forests constitute 12.5% of the total area, 
and the rest is occupied by waterlogged areas (Fig. 2). 

From the west, two smaller watercourses flow 
into the lake; stream I (SI) having a catchment area of 
2.8 km2 and flowing into the lake near some summer 
cabins. In the land use structure of this watercourse’s 
catchment area, forests constitute 57.9%, waterlogged 
areas make up 28.4%, and the remainder is used for 
agriculture. 

Also, stream II (SII), with a catchment area of 
1.41 km2, discharges into the lake. In its final section, 
the stream flows through wooded areas, occupying 
approx. 65.3% of its catchment area. The upper part 
of this watercourse’s catchment area, including its 
sources, is used for agriculture (arable land and grass-
lands). 

In conclusion, there are four lakes located in the 
total catchment of Lake Symsar (L), connected to the 
Symsarna River, thus forming a typical river-lakes 
system. The last lake in the system is Lake Symsar: 
a eutrophic water body, where rush vegetation occu-
pies approx. 11.0% of the water’s surface area. 

Helophytes prevail in the species composition, 
with 60% of common reed communities. The Eco-
logical State Macrophyte Index (ESMI) development 
factor was 0.336 in 2011 [WIOŚ Olsztyn, IOŚ 2012].  
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Fig. 2. The land use in the direct catchment area and in the catchment areas of Lake Symsar’s inflows;  

source: own elaboration 

METHODOLOGY 

The studies on the water balance of Lake Symsar 
and the field balances of its partial catchment areas, 
schematically shown in Figure 3, were carried out 
from November 2011 to October 2014 (thus including 
three hydrological years: 2012, 2013 and 2014). 

The meteorological data of the period from No-
vember 2011 to October 2014 were obtained from the 
meteorological station in Lidzbark Warmiński, lo-
cated approx. 8 km north of the analyzed lake (the 
sum of atmospheric precipitation, temperature, wind 
velocity and direction, air humidity), and from the 
Olsztyn/ Kętrzyn station (insolation), located approx. 
50 km south-west of Olsztyn and east of Kętrzyn, 
both belonging to the Institute of Meteorology and 
Water Management National Research Institute in 
Białystok. 

The plant growing season spanned a period with 
average daily air temperatures equal or above 5°C 
[SIŁUCH, BARTOSZEK 2012]. For the purpose of this 
study, the following dates were adopted as the onset 
and end of a plant growing season: 18.04–25.10.2012, 

13.04–13.11.2013 and 6.04–21.10.2014. The water 
availability in partial catchments is presented in Fig-
ure 3, where incoming water includes: precipitation 
and expenditure, including evapotranspiration as the 
sum of evaporation and transpiration. 

The difference between those components indi-
cates excess or deficiency of water. Precipitation is 
known (based on data from the Institute of Meteorol-
ogy and Water Management National Research Insti-
tute in Białystok), but evaporation (ETo) was derived 
from the P – M equation proposed by ALLEN et al. 
[1998], indicative of daily evaporation from the 
ground surface. 

The formula for indicative evaporation proposed 
by ALLEN et al. [1998] allows for calculating the 
evaporation from low vegetation well-supplied with 
water. In order to calculate the actual evaporation in-
clusive of various types of land use, a combined 
method was employed, represented by the Penman–
Monteith formula [ALLEN 2000; ALLEN et al. 1998; 
LECHNIO 2005]: 

 

 

 

Fig. 3. Diagram of the water balance of the partial catchment areas of Lake 
Symsar (after ALLEN et al. [1998]); T = the evaporation from the surface of 
plants, or the phenomenon of transpiration, E = evaporation from the soil is 
described by the following equation (when the soil is hydrated, the coeffi-
cient has higher values; Kcb = Kcb' (from Allen et. al.(1998) + [0.04 (u2 – 2) – 
0.004 (RHmin – 45)] (h/3)0.3; RHmin = the mean value for daily minimum 
relative humidity: RHmin = eo(Tmin)/eo(Tmax); h = the mean plant height dur-
ing the mid or late season (m); eo = saturation eo(T) vapour pressure at the 
same temperature; Ke = Kr (Kcmax – Kcb); Kr = reduction coefficient of the 
soil evaporation (when the soil is hydrated it has a value of 1; during 
a drought it drops to 0); Kcmax = {1.2 + [0.04 (u2 – 2) – 0.004 (RHmin – 45)] 
(h/3)0.3} or just Kcmax = Kcb + 0.05 it is a value following rain or irrigation; 
source: own elaboration 
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 ET = Eto Kc  (1) 

where: ET = terrain evaporation (actual) (mm), ETo = 
indicative evaporation for the land covered with low 
grass, on well-hydrated soil (mm), Kc = correction 
coefficient, taking into account the type of vegetation 
(dual crop coefficient) by ALLEN et al. [1998]: 

 n
KcKc

medini
inimedKc −

− =)(   

 n
KcKc

endmed
medendKc −

− =)(  (2) 

where: n = number days in the considered period; ini 
= 15 October; med = 21 July; end = 25 October 

The Kc coefficient was calculated by adding the 
value obtained from the above equations to another 
Kc value of the day of the considered period, starting 
from the known Kc coefficients, e.g. Kc on 16.04 = 
Kcini (because it was the initial day, i.e. 15.04) +  
Kc(ini-med); Kc on 17.04 = Kc from the previous day, 
i.e. Kc of 16.04 + Kc(ini-med). 

Values of Kc were extracted from the publica-
tion of ALLEN [2000]. Some are shown in Table 2. 

A value of Kc may also be described by the fol-
lowing equation [ALLEN 2000]: 

 Kc = Kcb + Ke (3) 

where: Kcb = basal crop coefficient, describing tran-
spirations, Ke = soil water evaporation coefficient, 
describing the soil evaporation. 

Rainwater infiltrates to the interior of a soil pro-
file. When the amount of water exceeds the retention 
capacity of soil, the excess may flow over the ground 
surface. The excess of water which cannot be ab-
sorbed by water-saturated soil is called surface runoff 
[RODRIGEZ-RODRIGEZ et al. 2012]. Moreover, the 
intensity of water saturation may be affected by the 
inclination of land [D’ARCY, CARIGNAN 1997] and by 
the soil profile or some geological features [DAMIANO 
et al. 2016]. Water retention in the individual catch-
ments was recalculated relative to the surface area of 
a given catchment.  

The water exchange in the tested lake is shown 
in Figure 3. The equation is as follows: 

 Is – Os + P – EP ± ΔV = 0  (4) 

where: Is = surface inflows as the sum of inflows wa-
ter by rivers, Os = surface outflows by the river, P = 
precipitation, EP = evaporation (from the lake and 
rushes), ΔV = change in the retention. 

In 2012, the water balance equation consisted of 
the sum of precipitation on the income side and evap-
otranspiration on the outgoing side. From 2013, 
measurements of the flow rate of surface water in the 
watercourse were carried out and therefore, in the 
years 2013–2014, the water balance equation con-

sisted of the sum of precipitation and the surface in-
flow via the watercourses (on the income side) and 
the surface outflow via the watercourses (on the out-
going side).  

Another measure of the water exchange rate, be-
side the water balance equation, is the ratio of the 
volume of water discharged from a lake to the lake’s 
capacity – that is the duration of water exchange in 
a given water body or, to put it simply, water reten-
tion time in a water body. Apart from horizontal ex-
change, it is useful to calculate the vertical water ex-
change index (the ratio of the annual total evaporation 
from a lake to the lake’s capacity) and the total ex-
change intensity index (the ratio of the outflow from 
a lake and evaporation from its surface to the lake’s 
capacity).  

The basic equation of BAC [1989] and PRZĄDKA 
[2009] served to estimate the evapotranspiration from 
the lake (EP) while the previous equation [ALLEN 
2000] was applied to estimate evapotranspiration 
from rushes. Unfortunately, data for the groundwater 
inflow and outflow during the analyzed period are 
unknown, hence these elements were excluded.  

The evaporation from the lake’s water surface 
was calculated from the formula proposed by BAC 
[1989] and PRZĄDKA [2009]: 

 EP = 0.36d(1 + 0.5u2)n (5) 

where: d = average monthly moisture deficiency, d = 
E – e, E = maximum pressure of water vapour, E = 
6.1·10(7.45T)/(235+T); e = current pressure of water va-
pour, e = (RH·E)/100; RH = relative humidity of air, 
RH = 100 (e/E); u2 = wind speed (2 m above surface 
of area; n = number of days per month. 

Cropp coefficient for the Penman–Montheith 
formula. Among the considered plant types, rushes 
rooted in the lake’s bottom (Kc > 1), with the maxi-
mum evaporation in the high plant growing sea-
son, were characterized by the highest value of the 
evaporation correction coefficient, which depended on 
a species, age of plants or latitude. A high value of the 
coefficient was also calculated for grass (Kc = 1.0 – 
Tab. 2), forming dense plant cover and often having 
an anti-erosion effect. 

Trees (particularly coniferous trees) are charac-
terized by the lowest evaporation coefficient (Kc: 
 
Table 2. Correction coefficients Kc (crop coefficient) for 
the Penman–Montheith formula, taking into account the 
indicative evaporation from the plants  

The type of land cover Kcini Kcmed Kcend 
Coniferous forest 0.7 0.65 0.65 
Grass 0.95 1.05 1.0 
Pasture 0.4 0.95 0.85 
Wetlands (low vegetation) 0.2 1.1 1.1 
Rushes/marsh vegetation – stagnant 
water 1.0 1.2 1.0 

Source: own elaboration based on LECHNIO [2005], ALLEN et al. 
[1998], ALLEN [2000]. 
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0.65–0.67). When the average diurnal temperature 
exceeds 5°C (onset of a plant growing season), forest 
stands, particularly deciduous ones, evaporate most 
intensely. The water demand is high then because the 
leafage period starts.  

The water velocity was measured using a Vale-
port current Meter. Then, the flow intensity was cal-
culated based on the average water velocity in a cross-
section and the cross-section's area of the stream. 

RESULTS 

In the hydrological years 2012–2014, the aver-
age sum of precipitation was 611.6 mm (Fig. 4), about 
2% higher than in the multi-year period: 1951–1975 
[STACHY et al. 1987]. 

 
Fig. 4. Meteorological conditions in the vicinity of Lake 

Symsar (Lidzbark Warmiński station is located at a distance 
of approx. 8 km from the object); source: own study 

The year 2012 can be regarded as a wet one, as 
the sum of precipitation was 827.5 mm, which was 
40% higher than the average precipitation in the mul-
ti-year period. 

But due to high temperatures (approx. 21.16% 
higher than in the compared period), it was also char-
acterized by the highest water loss through evapotran-
spiration. The average temperature was 14.4°C in the 
plant growing season, and this was 6.7% higher than 
in the growing seasons from 1951 to 1975. In the fol-
lowing years, the sums of precipitation were lower, 
for example in 2013 the sum of precipitation was ap-
prox. 572.3 mm (about 4.5% lower than in the multi-
year period). The average temperature in that year 
was 7.32°C. In turn, the year 2014 was dry, with the 
sum of precipitation being approx. 19.1% lower than 
in 1951–1975. The average wind velocity in the ex-
amined period (2012–2014) was 2.57 m3·s–1, the 
strength of wind was the highest in the period from 
November through March. 

In 2012–2014, the average water yield from the 
Symsarna River catchment area was 33.9 dm3·km–2·s–1. 
The outflow was 48.14% higher in the growing sea-
son than in the remaining months, for example the 
water flow in the Tolknicka Struga during the plant 
growing period was almost twice as high as in the rest 
of the year (Tab. 3).  

The situation was similar for SII (the flow was 
higher by approx. 2.5-fold). The lowest water yield  
 

Table 3. The flow rate of surface waters in the catchment area of Lake Symsar and the magnitude of the water yield (as 
an amount of water outflows from the surface 1 km2 of their catchment areas in 1 second) 

Flow rate, dm3·s–1 Water yield, dm3·s–1·km–2 
Location Catchment area 

km2 average min max standard 
deviation 

variation  
% 2012 2013 2014 

SR-i 33.4 855 686 1 227 214 25 24.54 29.63 23.10 
TS 19.2 100 27 178 55 55 6.13 7.06 3.12 
SI   2.7 47 18 61 19 40 13.96 13.23 16.24 
SII   1.4 22 10 30 9 39 – 28.20 9.88 

SR-o 22.9 1 016 683 1 460 340 33 56.59 46.79 33.02 

Explanations: SR-i = Symsarna River inflow (part of catchment from Blanki Lake to the outflow from Symsar Lake); TS = drainage ditch 
Tolknicka Struga; SI = stream I (forestry-agricultural catchment; SII = stream II (agro-forestry catchment); SR-o = Symsarna River – out-
flow (part of cachment from Symsar Lake, to the inflow called the Kierwińska Struga). 
Source: own study. 

was characteristic for the SI catchment area, where 
periodical water decrements during a drought period 
occurred in the stream. In 2012–2014, the average 
flow from the catchment surface area amounted to 
33.0 dm3·km–2·s–1. In the plant growing season, the 
outflow from the catchment area was higher by 36% 
than during the other months. The availability of wa-
ter in the riverbeds in the subsequent years of research 
declined, which was attributed to the decreasing 
amounts of rainfall. 

An important role in water retention was played 
by the forests in the catchment area, e.g. for stream I, 
where forests occupy 57.9% of the catchment’s sur-
face area, more than 6 000 m3 of water per hectare 
was retained. Somewhat less water evaporated from 
the terrain with natural mosaic cover [ŚLĄZEK 2014]. 

Unfavourable to the storage of water are barren areas 
and arable land. In the structure of land use within the 
Tolknicka Struga’s catchment area, arable land pre-
vailed. Such land cover is characterized by quite high 
evaporation from its surface and therefore the transpi-
ration from plant surfaces constituted 98.2% of total 
evapotranspiration.  

In the analyzed period (2012–2014), the sum of 
evaporation and transpiration from the direct catch-
ment area via plants, i.e. forests and pastures, 
amounted to 1 245 m3·ha–1. On the other hand, the 
sum of precipitation was at a level of 3 974 m3·ha–1. 
The amount of water reaching the surface with at-
mospheric precipitation was over 35% higher than the 
amount evaporating from it (Fig. 5). 

°C
,  

  m
·s

–1
 

Temperature, °C 

%
 

Wind speed, m·s–1 Humidity, % 
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Fig. 5. Water retention in the partial catchments of Lake 

Symsar; source: own study 

The most intensive evaporation appeared in the 
grassland, which constituted 49.5% of the whole 
catchment’s area surface. In the years 2012–2014, 
availability of water was observed in the catchment 
area of stream I. In the structure of this catchment 
area, wooded areas prevailed (coniferous forests), 
which generally have a favourable impact on water 
retention. 

Symsar Lake and the Symsarna River represent 
a river-lake system, typical of a postglacial landscape. 
The main sources of water supply are surface inflows, 
while less water is delivered through precipitation 
(Fig. 6).  

For example, precipitation and surface inflow in-
troduced approx. 296 000 m3·ha–1 of water in 2013.  

The contribution of the surface inflows to the to-
tal water income was as much as 89.4%. The amount 
 

 
Fig. 6. Vertical water exchange in Lake Symsar; source: own study 

of water drained from the lake reached 273 000 
m3·ha–1, with 3.7% lost by evaporation (including 
from the rush surface), and 90.0% by the outflow. 
Because 2014 was a dry year, the water income to 
Lake Symsar was lower than in the previous year, 
approx. 205.000 m3·ha–1 of the lake’s surface, with 
82.7% lost by the surface inflow. Approximately 
3.8% of the outgoing water left through evaporation. 

The Symsarna River divides Lake Symsar into 
two parts: the main one, through which the river 
flows, and a bay. The volume of water in the northern 
bay does not exceed 4% of the whole lake’s water 
holding capacity. The maximum depth of the bay is 
5 m. The bay is fed with waters from a small stream 
denoted as SL, which does not have a surface outflow. 
The bay therefore presents characteristics of a closed 
water body and no horizontal water exchange takes 
place in it. However, the vertical type of water ex-
change plays a significant role in the water circulation 
within the bay. It occurs through evaporation from the 
surface of rushes and from the surface of open lake 
waters. The bay, similarly to the rest of the lake, lies 
in a land depression, and its shores are predominatly 
covered with forest. Based on the calculated evapora-

tion indices, whose values depended on the meteoro-
logical conditions in 2012–2014, it can be concluded 
that waters in the bay are mixed at least once a year, 
every 238 days and 6 hours. Evaporation from the 
surface of rush plants (covering around 12% of the 
bay’s surface) is responsible for around 4% of total 
water loss. The remaining water is evaporated from 
the open water surface of the bay. The intensity of 
water evaporation depended on the sum of precipita-
tion and on high temperatures.  

DISSCUSION  

Water bodies like Lake Symsar, as elements of 
river-lakes systems, are susceptible to frequent ex-
changes of water. In Lake Symsar, the percentage of 
water exchange, seen as the intensity of water outflow 
from the lake, was 23% a year [SIDORUK, POTASZNIK 
2011]. The water exchange percentage in a water 
body during a year determines the cycling of matter in 
that water body and influences the quality of its water. 
Water exchange involves different parts of water 
masses in a lake, depending on a current thermal 
structure. Frequently, water exchange is implicated in 
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water bodies undergoing circulation because a water 
current prevents accumulation of substances, which is 
likely to happen in lakes like Lake Symsar. Short wa-
ter retention time favours the accumulation of nutri-
ents in the hypolimnion, where water is colder and 
denser, and therefore water exchange does not pro-
ceed as intensively as in the more superficial water 
layers in the epilimnion [BORSUK 2014]. The total 
exchange of water in Lake Symsar (including vertical 
and horizontal exchange) takes approx. 66 days and 
14 hours. Water bodies like Lake Symsar, as elements 
of river-lakes systems, are vulnerable to frequent ex-
changes of water [HILLBRICHT-ILKOWSKA, WIŚNIEW-
SKI (eds) 1996]. Lakes with small surface areas are 
more susceptible to variable hydrological conditions: 
prolonged changes in the precipitation regime, 
groundwater escape. The catchment area’s surface 
and its land use are basic factors affecting the water 
balance of the catchment area [CARDILLE 2004]. The 
horizontal exchange coefficient for the tested lake (or 
the ratio of the amount of water flowing out from the 
lake to its total volume) was 4.98, meaning that the 
lake’s water was exchanged by horizontal exchange 
(inflow-outflow) every 73 days and 7 hours. The in-
tensity of water exchange favours the resistance of an 
aquatic ecosystem to eutrophication, because it limits 
excessive accumulation of biogenes in the water body 
[WIŚNIEWSKI et al. 2007]. In our case study of Lake 
Symsar, the Symsarna River was responsible for the 
introduction of approximately 72.0% of general water 
originating from the surface inflows. The rest of the 
water was introduced by the Tolknicka Struga (TS), 
stream I (SI) and stream II (SII). Lake Symsar was 
characterized by a relatively low coefficient of verti-
cal exchange of water: 0.41 (calculated as the ratio of 
evaporated water amount to total volume). The con-
tribution of this exchange amounted to only 11.4% of 
the total water exchange. In a study by WIŚNIEWSKI et 
al. [2007], the contribution of vertical exchange in 
Dąbie Lake, located in the delta of the Odra River, did 
not even reach 1%. Evapotranspiration could be an 
important component of a water cycle equation in 
river catchment areas. In the balance of Polish rivers, 
it constitutes about 70% of water loss [ŚLĄZEK 2014]. 
Evapotranspiration depends on variable meteorologi-
cal conditions, the soil type, slope and land use (in 
Poland, mosaic development of landscapes dominan-
tes). Evapotranspiration can be estimated for large 
catchment areas, even where hydrogeological parame-
ters of the soil are unavailable [ŚLĄZEK 2014]. Precip-
itation is a decisive factor influencing the magnitude 
of evaporation from forest catchment areas [WANG et 
al. 2011]. The largest amount of water is evaporated 
in July, which correlated with the intensity of precipi-
tation. The lowest land evaporation from a catchment 
area dominated by drained agricultural areas was ob-
served in the non-vegetation season [MICHALCZYK et  
 
 
 

al. 2002]. The higher values of evaporation were  
characteristic for open lake surfaces. The evaporation 
from reed fields equals 10 mm·d–1 and only some-
times reaches 20 mm·d–1, thus being higher than in 
wooded areas [HERBST, KAPPEN 1999]. Rushes play 
an important role in shaping microclimate and hydro-
logical conditions, because they reduce humidity defi-
ciencies in the air and increase the amount of precipi-
tation [HERBST, KAPPEN 1999]. 

In Lake Symsar, which represents an element of 
a river and lake system, evaporation from the surface 
of rushes was small because the percentage cover 
composed of these plants was small as well, approxi-
mating 11%. Nevertheless, evaporation from the sur-
face of the water body did not affect significantly the 
lake’s water balance. The location of the lake in 
a post-glacial channel, large differences in the eleva-
tion of the area and the forest cover of the immediate 
catchment around the lake limited the vertical water 
loss. The availability of water in the analyzed river 
and lake system was mostly influenced by the surface 
inflow and outflow, i.e. the vertical type of water ex-
change.  

CONCLUSIONS 

Based on the studies carried out on the variabil-
ity of hydrological conditions of the catchment of 
a lake representing a river-lake system as a response 
to changing meteorological conditions of water avail-
ability in catchments, it can be concluded that despite 
quite high total exchange of the water (inflow–
outflow) in Lake Symsar (every 66 days and 14 
hours), the analyzed river-lake system was character-
ised by water retention abilities. The sum of evapo-
transpiration and the sum of precipitation in the river-
lake system had a minimal influence on the formation 
of water resources. Mainly, the water of the Symsarna 
River affected the balance between the water income 
and the water outgoings in the lake.  

The land use of the catchment area seems to play 
a very important role in the local water cycle, because 
the studies proved that the water retention was fa-
voured by wooded and marshy areas. The highest re-
tention capacity was characteristic for the inflow's 
catchment areas where wooded areas, arable land and 
marshes prevailed. On the other hand, wasteland and 
large height differences of the terrain are unfavour-
able to water retention, intensifying soil evaporation 
and accelerating the water run-off outside of the 
catchment area. Among possible measures to limit 
water deficits in an agricultural-forest catchment area 
of a river-lake system, the rational use and manage-
ment of the catchment land are recommended. Broad-
scale actions aimed at the amelioration of poor local 
retention capacity may contribute to some improve-
ment in water resources regionally and even globally.  
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Zmienność dostępności wody w systemie rzeczno-jeziornym – jezioro Symsar 

STRESZCZENIE 

Przewiduje się, że zmiany klimatyczne doprowadzą do zmniejszenia zasobów wodnych zarówno w skali 
globalnej, jak i regionalnej. Lokalne zmiany klimatu są trudniejsze do zaobserwowania i dlatego, aby przeciw-
działać ich skutkom, wskazane wydaje się podjęcie wszelkich badań nad warunkami regionalnymi oraz lokal-
nymi. Celem prezentowanych badań była ocena wpływu rzeki oraz jej zlewni na zmienność dostępności wody 
w naturalnym jeziorze należącym do polodowcowego systemu rzeczno-jeziornego. Systemy rzeczno-jeziorne 
zachowują się najczęściej jak jedna, interakcyjna jednostka hydrologiczna, a intensywność wymiany wody 
w tych systemach jest dość duża, co może powodować chwilowe ubytki wody. W wyniku badań stwierdzono, że 
woda w analizowanym systemie była wymieniana co ok. 66 dni, co wynikało z całkowitej (poziomej i pionowej) 
wymiany wody. Również zarządzanie zlewnią wydaje się odgrywać kluczową rolę w lokalnej dostępności wody; 
w niniejszych badaniach obszary leśne i bagienne sprzyjały zatrzymywaniu wody. W zlewni, w której domino-
wały lasy, pastwiska i tereny podmokłe, obserwowana była intensywniejsza retencja wody. Występowanie nie-
użytków i dużych deniwelacji terenu w badanej zlewni nie sprzyjało retencji wody, ponieważ intensyfikowało 
parowanie gleby i przyspieszało odpływ wody poza zlewnię. Wśród działań, które powinny zostać podjęte 
w celu przeciwdziałania stratom wody w zlewniach, najczęściej wymienia się racjonalne wykorzystanie i zarzą-
dzanie zasobami gruntów w zlewni. 
 
Słowa kluczowe: opad atmosferyczny, parowanie terenowe, system rzeczno-jeziorny, warunki hydrologiczne, 
warunki meteorologiczne 
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