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Abstract: The progressing development of civilisation and climate change require access to an
appropriate quantity of environmental resources. One of the key resources is water. Both its deficit
and excess evidently affect human life. Control over water circulation is possible owing to water
management, largely involving introduction of hydraulic structures. The paper analyses the effect
of the Jeziorsko dam reservoir on the flows of the Warta River, the third largest river in Poland. It
analyses water flows in the Warta River in the years 1993–2020 for hydrological stations above and
below the reservoir. The conducted research showed that the construction of the Jeziorsko reservoir
also substantially contributed to an increase in minimum flows and a decrease in maximum flows.
Moreover, the simulation showed that in the case of abscence of the reservoir, the flows of the Warta
River would be higher in the period from January to June, and in the period from July to October the
opposite situation would occur. In November and December, the flows would be at a similar level.
Results obtained in the study, show that hydraulic structures are an effective solution in the context
of stabilisation of the hydrological situation in a given region, particularly in terms of hydrological
lows occurring with increasing intensity mitigated on sections of rivers below the reservoirs.

Keywords: hydraulic structure; dam; flow; management of hydraulic structures

1. Introduction

Hydraulic structures have been shaping water conditions for centuries, contributing
to the development of many areas of human activity, and consequently the development
of entire civilizations. As shown by numerous studies from different regions around the
globe [1–5], there are currently hardly any places where hydraulic structures play no role in
shaping water circulation—both in the context of its excess and deficit. The key objective of
water management, is general stabilisation of water relations to retain excess water that can
be redistributed in the period of its deficit [6,7]. Considering the increasing water needs of
the human population, distribution of appropriate water resources is a priority for meeting
the basic needs and providing economic activity in different sectors such as industry [8,9]
or agriculture [10–12].

Next to human activity, another crucial factor is becoming increasingly evident, namely
global warming, affecting the climatic-hydrological conditions [13,14]. Pradhan et al. [15],
analysing the situation in the catchment of the Sre Pok River (Vietnam), accessibility
of water will decrease in the future, demand for water for irrigation will increase, and
production of hydraulic energy will be subject to reduction. In reference to the upper
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catchment of the Indus River, Ougahi et al. [16] determined that the predicted warming in
the winter and spring period may largely contribute to seasonal river flows, with important
implications for water supply. According to Morán-Tejeda et al., [17] the observed and
forecasted hydrological changes must be considered in the sustainable management of
water resources.

In the case of Poland, the actual retention capacity resulting from the topographic,
demographic, and economic conditions is estimated for 15% of the average annual outflow.
The objective is met through the application of diverse types of solutions with simultaneous
maintenance of permanent equilibrium of the water balance and the desired state of
the natural environment [18]. Such solutions are implemented and controlled by the
governmental institution State Water Holding Polish Waters, responsible for among others
supervision over water bodies. Water bodies currently fulfil numerous functions, aimed at
their optimal use in the natural environment. According to Rzętała [19] and Machowski [20]
the basic functions include: flood protection, retention, water supply, energy production,
tourism, including navigation and angling, and others (e.g., fish farming).

The Warta River catchment analysed in the paper has some of the lowest water
resources in Poland [21], resulting from both the natural conditions (low precipitation,
high evapotranspiration index) and strong human pressure (strong industrialisation of
the region, intensive agriculture, or water-consuming energy production). Therefore,
there is a need to improve the situation through the introduction of hydraulic structures.
This paper corresponds with the broad research trend regarding the effect of dams on
rivers [22–24]. The innovative aspect of the paper is the determination of detailed changes
in the hydro-logical regime related to the functioning of the hydrotechnical infrastructure in
the Warta catchment, providing among others the theoretical basis for undertaking further
investments of the type

The primary objective of the paper was the identification of transformations of the
hydrological regime of Warta—the third largest river in Poland, as a result of functioning
of the Jeziorsko reservoir. In detail, the paper focuses on the analyses of water flow in the
river, in the present situation as well as under the simulation of the absence of the existing
dam and the related reservoir.

2. Materials and Methods
2.1. Study Object

Warta is the third longest river in Poland (808.2 km) with a catchment area of 54,519.6 km2.
Its headwater section has a character of an upland river. In the subsequent section it is
a lowland river. Its maximum flows occur in the period of summer floods, although
statistically, high stages usually predominate in the spring period after snowmelt. The
average unitary outflow for the Warta River in the zone above the Jeziorsko reservoir is
approximately 5.2 dm3 s−1 km−2, and the average annual flows for the nearest water gauge
cross-section Sieradz above the reservoir are at a level of 25–75 m3 s−1. The minimum
recorded flow was less than 10.0 m3 s−1, and the maximum 408.0 m3 s−1 (based on the
data of IMGW-PIB). Considering such variable flows at the multi-annual and seasonal
scale in the 1970’s, a decision was made to build the reservoir in the middle course of
the river (on km 484.3). In 1986, a reservoir was commissioned, called Jeziorsko after a
nearby municipality (Figure 1). It closes the catchment of the Warta River with an area of
9012.6 km2. The basic tasks of the reservoir include: reduction of flood threat in the Warta
River valley below the reservoir through the reduction of floods; shaping water resources
in the Warta River valley through controlling water flow in the scope of low and high
flows; guaranteeing the base flow below the reservoir; guaranteeing water for industrial
plants in the region of the Middle Warta River, meeting potential water supply needs of the
municipal engineering, use of retained water for irrigations in agriculture, improvement of
navigation conditions on the navigable sections of the Warta River, electricity production in
a hydraulic power plant at the dam embankment, development of recreation and tourism
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around the reservoir, conducting fishery economy, and maintenance of habitat conditions
for waterfowl (in the upper part of the reservoir).
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The Jeziorsko reservoir resulted from the construction of a dam embankment with a
gate-controlled spillway weir on km 484.3 of the Warta River. Technical details concerning
the dam embankment are included in the Manual of water management [25]. Damming the
river resulted from the construction of an embankment dam from medium-grained sands
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with a reinforced concrete facing on the waterside. Its basic parameters are as follows:
length 2.73 km, height 12 m, width of the dam crest 12 m (in the vicinity of the weir 24 m),
slope of the landside scarp 1:3, ordinate of the dam crest 124.40 m a.s.l.

2.2. Materials

The landside scarp is secured with reinforced concrete slabs with a thickness of 15 cm
on concrete with a thickness of 10 cm, width of 6.0 m, and length of 12 m with the dam
crest ending with buffer sill. Dilatations between the slabs are sealed with tape with PVC
and bituminous mass. The landside scarp is secured with grass growth on a hummus layer
with a thickness of 10 cm. On the side of the upper water level, at the foot of the dam at the
interface with the reinforced concrete screen, there is a clay trench with a thickness of 0.5 m,
in a 50 m wide belt, covered with a layer of soil with a thickness of 0.50 m [25]. The bottom
of the reservoir in front of the dam is sealed with polyethylene foil along a section of 800 m
from the dam. The sealing surface is 200 ha.

The dam’s drainage is made of perforated clay pipes with a diameter of 30 cm, with
filter fabric replacing the reversed filter. The drainage collector features control wells with
a diameter of 1.0 m at distances of approximately 80 m. Water from the wells is drained
through reinforced concrete outlets to the drainage ditch. Two drainage-melioration ditches
run along the landside scarp of the dam, with the bottom and scarps secured with reinforced
concrete and openwork concrete slabs. The gate-controlled spillway weir is located in the
central part of the dam embankment, and has three overflow openings with a diameter
of 4.5 × 12.0 m each, with steel gates with a hydraulic drive system. In concrete overflow
thresholds, in two lateral spans, there are 4 bottom sluices with dimensions 3.30 × 2.20 m
each, closed with steel segments with a hydraulic drive system.

Next to the aforementioned dam embankment and the directly related gate-controlled
spillway weir and hydraulic power plant, the hydrotechnical object constituting the
Jeziorsko dam reservoir also comprises: lateral dam Pęczniew with a pumping station, lat-
eral dam Siedlątków with a pumping station, lateral dam Teleszyna with pumping stations
Jeziorsko and Miłkowice, backwater dam Glinno with a pumping station, backwater dam
Proboszczowice with a pumping station, redirected channel of the Pichna River, and two
adjustment thresholds below the reservoir. Moreover, the dam embankment features a
gravitational water inlet to Struga Spicimierska, permitting irrigation of arable land in the
left-bank Warta River valley below the reservoir.

The paper employs data on daily water stages in the Jeziorsko dam reservoir in the
period 1993–2020. Water stages were recorded with a frequency of once per day at 7.00.
Moreover, data on mean daily discharges and water outflows from the Jeziorsko reservoir
were used. The data were provided by the National Water Holding Polish Waters, Regional
Water Management Board in Poznań. The data regarding mean daily water discharges from
the reservoir carry slight uncertainty. It results from recording the volume of discharged
water by the hydraulic power plant and on sluice facilities based on calculations conducted
for different conditions of their operation and implemented every several years to adjust
measurements of the flow rate. The verification of water discharges from the reservoir used
data from water gauge station Uniejów. The station is located 17.5 km below the dam on the
Jeziorsko reservoir. Data regarding water inflows to the reservoir carry greater uncertainty.
The volume of water flowing into the reservoir is calculated based on a change in the water
level in the reservoir and the curve of the surface area and volume. Due to this, the verification
of the date emloyed daily flow rate values recorded in water gauge station Sieradz. The
Sieradz station is located approximately 17.2 km above the inlet to the Jeziorsko dam reservoir.
It should be emphasised that water levels in the reservoir are also determined by direct
precipitation onto the surface of the reservoir and evaporation from its surface. Until 2018,
the water resources of the reservoir were additionally reduced through water uptake for the
purposes of cooling of the Adamów power plant, implemented in the Miłkowice II pumping
station on the left shore of the reservoir. Water consumption for such purposes, however,
usually did not exceed 1 m3 s−1, and was limited to the warm half-year. The effect of the
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reservoir on the variability of mean monthly flow rates and extreme flows of 1-, 3-, and 7-day
minima and maxima was analysed based on hydrological station Uniejów. Hydrological
data was analyzed on the background of temperature and precipitation conditions from the
climatological station Wieluń. The Wieluń climatological station is located about 60 km south
of the Jeziorsko dam reservoir. Data on daily water flows in hydrological stations Sieradz
and Uniejów and daily values of air temperature and precipitation were provided by the
Institute of Meteorology and Water Management—National Research Institute. The data
analysis was conducted in reference to hydrological years. The hydrological year begins in
November of the previous year, and ends in October of the current year.

2.3. Methods

The first stage of the analysis involved verification of data on daily water inflows
and outflows to and from the Jeziorsko dam reservoir. It employed measurement data
from water gauge stations Sieradz and Uniejów. An adjustment of mean daily water
inflows to the Jeziorsko reservoir was performed each time when the values were lower
than those recorded in hydrological station Sieradz. The adjustment of data for the Warta
River catchment to the Sieradz profile involved the calculation of daily values of unitary
discharge. Unitary discharge constitutes the ratio of mean daily flow rate and the area of the
catchment. Then, based on the difference of the area of the Warta River catchment until the
dam of the Jeziorsko reservoir and until hydrological station Sieradz, and value of unitary
discharge, mean daily values of water inflows to the reservoir were adjusted. The surface
area of the Warta River catchment until hydrological station Sieradz is 8150.3 km2, and until
the dam of the reservoir 9007.0 km2. The value of water inflow to the reservoir is the flow
value recorded in hydrological station Sieradz increased by the flow from the differential
catchment. Verification of data regarding outflow from the reservoir was conducted in a
similar manner. It employed daily flow values recorded in water gauge station Uniejów.
The surface area of the Warta River catchment until Uniejów is 9195.8 km2. In this case,
the data showed high consistency. Only single errors were detected in the data set. The
method of their adjustment was analogical to that for water inflow to the reservoir.

Next, based on the difference between water inflow and outflow to and from the
reservoir, flows were calculated for water gauge station Uniejów. A second sequence of
data resulted, i.e., flows of the Warta River if the Jeziorsko dam reservoir had never been
constructed. This permitted the designation of two data series on flows of the Warta River
in water gauge cross-section Uniejów, one illustrating the actual state resulting from the
effect of the Jeziorsko reservoir, and the other hypothetical for the Warta River without
the reservoir.

The assessment of the effect of the reservoir on the flows of the Warta River employed
selected Indices of Hydrological Alteration (IHA) (Table 1) [26]. A total of 12 parameters
were applied from group 1, characterising the magnitude of monthly water conditions, and
7 parameters from group 2, characterising the magnitude and duration of annual extreme
water conditions. Moreover, the original data provided the basis for the determination of
the flow duration curve, allowing for the determination of flows Q70% and Q90%. They
provided the basis for the identification of the times of occurrence of flows below Q70%
and Q90% for both data sets for each year.

The determination of the effect of the construction of the reservoir on flows in the Warta
River involved the comparison of equivalent values by means of a non-parametric Wilcoxon
matched-pairs test, also known as the Wilcoxon test for dependent groups [27]. The
Wilcoxon test is a non-parametric equivalent of the t Student test for dependent samples.
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Table 1. IHA Parameters used for the assessment of the effect of the Jeziorsko dam reservoir on the
flows of the Warta River in water gauge cross section Uniejów.

IHA Parameter Group Hydrologic Parameters Designation

1. Magnitude of monthly water conditions

Mean value for each calendar
month

November QNov
December QDec

January QJan
February QFeb

March QMar
April QApr
May QMay
June QJun
July QJul

August QAug
September QSep

October QOct

2. Magnitude and duration of annual extreme water conditions

Annual minima, 1-day mean Q1Min
Annual minima, 3-day means Q3Min
Annual minima, 7-day means Q7Min
Annual maxima, 1-day mean Q1Max
Annual maxima, 3-day means Q3Max
Annual maxima, 7-day means Q7Max

Base flow index: 7-day minimum BFI
flow/mean flow for year

At the second stage, the directions and magnitudes of changes in flows were performed
by means of a Mann-Kendall tests [28] and a Sen test [29]. The analysis was conducted for
the original measurement data from water gauge station Uniejów, and for data calculated
for this location if the Jeziorsko reservoir had never been built. The analysis covered
the period 1993–2020 for all hydrological variables. Moreover, in order to demonstrate
changes of water flows in relation to changes of climatic conditions, trend analysis for air
temperatures and precipitation was performed in a similar way. The applied tests belong
to the group of non-parametric tests usually used in analyses of hydrological and climatic
data [30]. The analysis employed the modified package developed by Patakamuri and
O’Brien [31]. Statistical analyses were performed in programmes Statistica 13.1 and R with
RStudio interface at a significance level of 0.05 and 0.01.

3. Results

Water flows in water gauge cross-section Uniejów in the years 1993–2020, both actual
and hypothetical in a situation in which the Jeziorsko dam reservoir had never been built
are presented in Figure 2.

The diagram shows that flows in the Warta River in water gauge station Uniejów are
affected by the Jeziorsko dam reservoir. The effect of the Jeziorsko reservoir is evident in as
many as ten months, with the exception of November and December. The comparison of
mean monthly values of flows in the Warta River currently occurring in water gauge station
Uniejów with hypothetical flows—in a situation in which the reservoir had never been
built, are presented in Figure 3a. The obtained results suggest that in the case of absence of
the reservoir, flows in the Warta River in the Uniejów profile would be higher in the period
from January to June. In the period from July to October, the opposite situation would
occur. In November and December, the flow rates would be at an approximate level.
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The construction of the Jeziorsko reservoir also substantially contributed to an increase
in 1-, 3- and 7-day minimum flows (Figure 3b). The reservoir also contributes to a decrease
in maximum flows in the Warta River (Figure 3c). The effect of the reservoir is the greatest
in reference to 1-day flows, and the lowest for 7-day flows in reference to minimum flows.
In the case of maximum flows, the effect of the reservoir is the same for 1-, 3-, and 7-day
maximum flows. The functioning of the reservoir is of greater importance in the case
of reduction of maximum flows than minimum flows. The Jeziorsko dam reservoir also
contributes to an increase in the characteristics of the base flow index (Figure 3d).

The comparison of the aforementioned characteristics of flows for the state with and
without the reservoir by means of a Wilcoxon test is presented in Figure 4.
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Figure 4. Changes in characteristics of flows resulting from the construction of the Jeziorsko
dam reservoir.

The obtained results point to considerable changes, primarily at a significance level of
0.01, resulting from the functioning of the Jeziorsko reservoir. Lack of significant changes
only concerns mean monthly flows in November and December, and durations of flows
below Q70% and Q90%, reaching 33.2 and 25.7 m3s−1, respectively. The reservoir has
the most substantial effect on 1-, 3-, and 7-day maximum flows. Moreover, the reservoir
has a strong effect on the reduction of flows in the period from February to April. The
functioning of the reservoir also results in an increase in flows in the period from August
to October.

The analysis of changes in the characteristics of flows in the Warta River in hydrolog-
ical station Uniejów in the years 1993–2020 showed the occurrence of negative trends of
mean monthly flows in April, July, August, and September. The changes are statistically
significant at a significance level of 0.01. The changes in the flows range from −2.56 to
−3.26 m3s−1 per year (Table 2). Moreover, statistically significant changes were determined
for mean annual flows. The range of such changes is −2.73 m3s−1 per year. In subsequent
years of the period 1993–2020, the number of days with flows below Q70% and Q90%
increased at an average rate of 6.38 and 3.16 day per year. Moreover, significant changes
occurred in reference to 1-, 3-, and 7-day minimum and maximum flows.
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Table 2. Results of trend analyses for water flows at the Uniejów hydrological station with and
without the Jeziorsko dam reservoir.

Parameter
With Jeziorsko Without Jeziorsko

S Z-Value p-Value Sen’s Slope S Z-Value p-Value Sen’s Slope

November −35 −0.75 0.454 −0.33 −65 −1.41 0.158 −0.49
December −51 −1.10 0.270 −0.42 −45 −0.97 0.332 −0.31
January −31 −0.66 0.508 −0.32 −59 −1.28 0.201 −0.48
February −59 −1.28 0.201 −0.81 −69 −1.50 0.134 −0.80
March −53 −1.15 0.252 −0.55 −119 −2.60 0.009 ** −0.99
April −141 −3.09 0.002 ** −1.83 −147 −3.22 0.001 ** −1.37
May −39 −0.84 0.402 −0.41 −71 −1.54 0.123 −0.51
June −83 −1.81 0.071 −0.47 −91 −1.98 0.047 * −0.56
July −149 −3.26 0.001 ** −1.10 −119 −2.60 0.009 * −0.87
August −145 −3.17 0.002 ** −1.04 −131 −2.87 0.004 ** −0.84
September −117 −2.56 0.011 * −0.83 −117 −2.56 0.011 * −0.81
October −33 −0.71 0.481 −0.36 −147 −3.22 0.001 ** −0.68
Year −125 −2.73 0.006 ** −0.79 −143 −3.13 0.002 ** −0.87
Q70days 129 2.82 0.005 ** 6.38 163 3.57 0.000 ** 6.09
Q90days 159 3.48 0.000 ** 3.16 119 2.60 0.009 ** 2.83
1-day_min −159 −3.48 0.000 ** −0.39 −53 −1.15 0.252 −0.18
1-day_max −95 −2.07 0.038 * −2.11 −97 −2.12 0.034 * −3.25
3-day_min −165 −3.61 0.000 * −0.43 −93 −2.03 0.043 * −0.30
3-day_max −95 −2.07 0.038 * −1.82 −99 −2.16 0.031 * −3.23
7-day_min −165 −3.61 0.000 ** −0.46 −115 −2.51 0.012 * −0.37
7-day_max −91 −1.98 0.047 * −1.59 −97 −2.12 0.034 * −2.90
BFI 9 0.18 0.860 0.00 5 0.09 0.930 0.00

*-statistical significant changes at a level of 0.05; **-statistical significant changes at a level of 0.01.

In the case of absence of the Jeziorsko reservoir, the range of changes in the years
1993–2020 would be even more evident for water gauge station Uniejów. The results of
the trend analysis show that additionally, changes in mean monthly flows would occur in
March, June, and October. Considering the remaining characteristics of changes in flows, a
trend for their decrease is also evident.

The results of the trend analysis of air temperature and precipitation provide the
climatic background for the reported flow changes. The results show an increasing trend of
average annual air temperatures at the Wieluń station at 0.6 ◦C per decade (Table 3). Also
in November, December, June and August significant increases in air temperature were
observed in a range of 0.6 to 1.4 ◦C per decade. There was a generally upward tendency
in air temperatures in the other months as well. Only in January and May there was a
downward tendency of −0.1 and −0.3 ◦C per decade, respectively. Analysis of precipitation
showed that the changes were not statistically significant over the 1993–2020. With regard
to the values of annual precipitation, there was a downward tendency at −48 mm per
decade. Also in November, December, February, March, April, May, July and August, there
was a tendency to decrease precipitation at −9 to −4 mm per decade. There was a slight
upward tendency in the remaining months.
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Table 3. Results of trend analyses for air temperatures and precipitation at the climatological sta-
tion Wieluń.

Parameter
Temperature (◦C) Precipitation (mm)

S Z-Value p-Value Sen’s Slop
(per Decade) S Z-Value p-Value Sen’s Slope

(per Decade)

November 105 2.17 0.030 * 1.1 −51 −1.04 0.297 −6.4
December 129 2.67 0.008 ** 1.4 −49 −1.00 0.317 −3.8
January −9 −0.17 0.868 −0.1 17 0.33 0.739 2.2
February 19 0.38 0.707 0.5 −67 −1.38 0.169 −5.3
March 89 1.83 0.067 0.7 −35 −0.71 0.478 −3.5
April 81 1.67 0.095 0.7 −83 −1.71 0.087 −9.1
May −53 −1.08 0.278 −0.3 −33 −0.67 0.505 −4.9
June 107 2.21 0.027 * 0.6 21 0.42 0.677 3.7
July 17 0.33 0.739 0.1 −37 −0.75 0.453 −5.8
August 113 2.33 0.020 * 0.7 −83 −1.71 0.087 −9.4
September 91 1.88 0.061 0.8 7 0.13 0.900 1.1
October 35 0.71 0.478 0.5 31 0.63 0.532 5.3
Year 113 2.33 0.020 * 0.6 −55 −1.13 0.260 −47.9

*-statistical significant changes at a level of 0.05; **-statistical significant changes at a level of 0.01.

4. Discussion

The above results suggest that in hydrological terms, the Jeziorsko reservoir fulfils its
role through mitigating the course of extreme situations, namely the occurrence of water
excess and deficit in the Warta River. Water management is dependent on the conditions of
water circulation occurring in a given area. In those terms, the Warta River shows nival
regime developed to a medium degree. This means that the average flow in a spring
month (March-April) constitutes130–180% of the average annual flow [32]. The schedule
of operation of the reservoir is related to seasonal (cyclical) changes in water supply to
the analysed catchment. According to the Manual of Water Management [25], in the
winter period (December-January), a minimum damming level should be maintained in
the reservoir in a range of 116.00–116.30 m a.s.l. to ensure appropriate useful capacity
(~6 million m3) during the occurrence of ice phenomena, when a rapid decrease in water
inflow to the reservoir is observed. In the period from 1 February to 15 April, the reservoir
is filled for the purpose of accumulation of a sufficient quantity of water to be used in the
summer period. During that time, the ordinate of the reservoir should reach the regular
damming level that currently equals 120.00 m a.s.l., and until 2014 reached 120.50 m a.s.l.
The maintenance of a constant damming level in the period from 16 April to 15 September
is related to the habitat protection of birds in the Jeziorsko reserve, and to meeting the
needs of the recreational and tourist use of the reservoir. In the period from 16 September
to 31 December, retention is maintained between the regular damming level and minimum
damming ordinate, permitting shaping water resources in the river valley through obtaining
a substantial effect on the value of the current flow. Water management implemented in
that period aims at among others guaranteeing an appropriate water level in the river
below the reservoir, used for the purposes of the Pątnów and Konin Power Plants, and
in earlier years additionally the Adamów Power Plant, as well as allowing for potential
water needs of municipal management in periods of occurrence of natural hydrological
low flows.

Hydraulic structures, and particularly dam reservoirs (due to high water retention
capacity) are an effective tool permitting control of water resources. The analysis conducted
for the Nielisz reservoir in the Wieprz River showed a positive effect on balancing low
flows [33]. The flood protection function of the reservoir is particularly evident in the case
of small floods, including delaying the occurrence of accumulated flow without a decrease
in the magnitude of the flood. In the Amazon catchment, the existing dams affect water flow
in the river. In particular large dams have changed the amplitude of water flow down the
river by 3 orders of magnitude [34]. Dams constructed on the Dolores River (USA) caused
a decrease in maximum flows, but an increase in minimum summer flows [35]. The neglect
of flow regulation by means of dams shows that the average number of people exposed to
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floods below dams will reach 9.1 (RCP 2.6) and 15.3 (RCP 6.0) million annually by the end
of the 21st century [36]. The functioning of dams decreased that index by 20.6% and 12.9%,
respectively. Long-term draught in the Tigris-Euphrates catchment (2007–2018) caused
considerable losses in water resources, recovered in 50% after extensive precipitation in
2019, and in that year, the dam reservoirs intercepted water equivalent to 40% of earlier
losses [37]. Research in the Ilan River catchment (Iran) showed that the area of zones of
“very low”, “low”, and “moderate” flood threat increased from 2.2% to 7.3%, from 8.6% to
19.6%, and from 22.7% to 31.2%, respectively after constructing the dams [38]. The deter-
mination of deviations from the natural flow regime for rivers in the United States shows
that the size and purpose of the dams explained high variability of changes in flows [39].
Maddu et al. [40] emphasise that changes in the patterns of precipitation and temperature
in the scope of climate changes cause changes in river flows, affecting the hydrological
and environmental conditions. In reference to the territory of Poland, an evident increase
in air temperature is already currently recorded [41,42], and will progress at least until
the end of the 21st century [43]. Such a situation will affect changes in the components
of the water balance, and consequently a change in water resources management. For
example, climate changes in the area of Mekong will lead to an increase in precipitation,
resulting in the necessity of change in the operation of dams, from the maintenance of
low flows to improvement of flood safety [44]. Due to direct impact on climate change on
the hydrological regime, Saudi Arabia has constructed more than 500 dams with different
capacities in the scope of economic and environmental development [45]. Also in the case
of Poland, hydraulic structures are an important element of shaping water conditions, im-
plemented by Polish Waters. In reference to the discussed Warta catchment, it covers among
others tasks aimed at stabilising the water level and limiting the outflow in approximately
300 hydrotechnical facilities [18]. Such facilities represent various classes and sizes, and
according to the results obtained in the paper, the largest of them plays an important role in
fulfilling such tasks, namely the Jeziorsko reservoir. The above analysis used hydrological
data from the Sieradz hydrological station, volumes of water stored in the reservoir, and
inflows and outflows of water from the reservoir recorded by the Jeziorsko hydropower
plant and at the reservoir’s outlet structures. In the future, horizontal water exchange of
precipitation and evaporation and underground water exchange between the reservoir and
adjacent areas should be considered in such calculations. In addition, it is necessary to
verify the reservoir area-volume curve which has changed, over the years 1993–2020, due
to the process of sedimentation and loss of reservoir volume. The authors are currently
preparing a water balance model for the reservoir that takes into account vertical water
exchange (precipitation–evaporation) and underground water exchange, and attempting to
verify the reservoir area-volume curve based on Landsat satellite data [46].

5. Conclusions

The functioning of the Jeziorsko reservoir presented in the paper in the context of
water flows in the Warta River should be regarded positive. According to the obtained
results, in the case of absence of the reservoir, water flows for station Uniejów (below the
reservoir) would be higher in the period from January to June. In the period from July to
October, the opposite situation would occur. The construction of the Jeziorsko reservoir
largely contributed to an increase in 1-, 3-, and 7-day minimum flows, and a decrease in
maximum flows. The effect of the reservoir is the greatest in reference to 1-day flows, and
the smallest for 7-day flows. In the case of maximum flows, the effect of the reservoir is
of the same importance for 1-, 3-, and 7-day values of the parameter. The functioning of
the reservoir affects the regulation of maximum flows stronger than minimum flows. It is
particularly evident in periods of occurrence of the largest floods on the Warta River. The
progressing civilisation development and climate changes require access to appropriate
quantities of environmental resources. One of the key ones is water. Both its excess and
deficit strongly affect human life. The practical analysis presented in the article clearly
shows the detailed scale of the effect of the reservoir on water flow in Warta. It is important
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for decision making regarding further undertakings in the scope of water management in
the region featuring some of the smallest water resources in Poland.
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