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ABSTRACT

Low flows are an important component of the river regime. Their identification advances the knowledge
about the formation of water resources in drought conditions. The analyses that we have carried out aimed
to indicate the spatial structure of these flows. The study area was the Warta River catchment up to the wa-
ter-gauge at Sieradz. The input research material consisted of series of daily discharge for 12 gauging stations
located in this catchment, in the period of 1971-2000, made available by IMGW-PIB. At the first stage,
periodic flows based on flow duration curve and annual minimum flows were determined. Their values have
been converted into specific flows, which facilitated the conduct of comparative analyses. On the basis of the
obtained results, the spatial variability of low flows in studied catchment was evaluated. The annual number
of days with low flows was identified for all gauge sections. The dynamics and distribution of low flows in the
multiannual time scale were evaluated. The analyses that have been carried out made it possible to identify
the factors, which determine the structure of low flows. Research results have been illustrated with relevant

maps and graphs.
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INTRODUCTION

Low-flows are one of the most important components
of'the river regime (Bartnik, Jokiel 2005). Their proper
identification and recognition provides information on
the nature of flow from the catchment, and also gives
the opportunity to assess the variability thereof (Ka-
znowska et al. 2015). The quantity of the flow and its
structure depend on the conditions of the geographical
environment. The climatic conditions, the orography
and the geological structure play the most important
role here, as they determine many hydrological pro-
cesses, including surface runoff or infiltration. Other
important factors include land use and human activity
(Brykata 2009, Michalczyk 2017). In the Polish liter-
ature on the subject, the are many studies on the tem-
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poral and spatial variation of flows in different regions
of the country (e.g. Jokiel 1994, 2004, Brykata 2009,
Pociask-Karteczka et al. 2010, Bartczak et al. 2014,
Franczak et al. 2015). An important role in the struc-
ture of river flow is played by the above-mentioned
extreme phenomena, that is, the low flows. They
are a manifestation of the developing hydrological
drought, which is why their detailed identification and
spatial variability investigation creates the possibility
of undertaking rational steps aimed at minimizing the
negative effects of this phenomenon (Tomaszewski
2017). The main objective of the present study is to
assess the spatial variability of low-flows in the upper
Warta River catchment, which experiences the occur-
rence of severe low-flows, and which is characterized
by diverse physiographic and hydrological conditions.
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STUDIED MATERIAL AND AREA

The upper Warta River catchment is located in the
Warta sub-region including both upland and lowland
terrain (Paczynski, Sadurski 2007). The upper part
of the catchment is characterized by groundwater
(karst and fissure-karst) with the highest capacity in
the entire studied area. They occur mainly in Creta-
ceous and Jurassic limestones, and also Triassic and
Devonian dolomites (Mikulski 1963, Richling 2006).
The recharge base flow index reaches 80% in this
part of the catchment, the retention capacity of the
hydrologically active zone is very high, whereas the
susceptibility to groundwater recovery is low (Jok-
iel 1994, 2004). The greater part of the upper Warta
River catchment consists of the groundwaters in the
denudated uplands, characteristic of the Central Po-
land Lowlands. In the central part of the basin (near
Dzialoszyn) there are waters exchanged between
the marl crevices and the ground (Richling 2006).
This area is characterized by recharge a base flow
index of 50—-60%, while the general retention capac-
ity varies from medium to high, and susceptibility
to water recovery is between average and low. The
lowest base flow index (40-50%) and low retention
describe the lower part of the study catchment area,
whereas the susceptibility to groundwater recovery
is average in this case (Jokiel 1994). River regime
of the investigated section of the Warta River was
recognized by Dynowska (1994) as a nival, moder-
ately developed. The upper Warta River catchment
is characterized by higher values of the average spe-
cific flow (5.1-8.1 dm’s'km=) and groundwater run-
off (4.6-5.0 dm*s~'km™) in relation to central Poland
and the whole country (Jokiel 2004). In the studied
catchment, various aspects of water management
can be found. Those having the most impact on the
runoff include drainage of the deposit in the “Bet-
chatéw” Open Cast Mine (in the eastern part of the
catchment), and water management activities carried
out on the Poraj reservoir (in the southern part of the
catchment). The draining of the deposit and the dam
reservoir generate changes in the water environment.
Hydrodynamic changes associated with drainage of
water in the excavation field lead to the formation
of a depression cone, while the functioning of the
reservoir provides a guaranteed flow below the dam
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(0.55 m*- s7") and reduces the maximum flows, which
is associated with the flood control function (Motyka
et al. 2007, Szewczyk 2007, Wachowiak et al. 2011).
In the Poraj water-gauge, located below the dam,
a reduction of characteristic and average flows is also
observed. This may be caused by infiltration and the
escape of the limnic waters through rock layers un-
der the bottom of the reservoir, associated with the
presence of hydrogeological windows in fault zones
or mining activities (exploitation and drainage of de-
posits in the Poraj region) causing the formation of
depression cones (Jagus$, Rzetata 2000).

The study of spatial variability of low flows was
based on the series of daily discharges from the thir-
ty-year period 1971-2000, observed at 12 water-gaug-
ing stations in the upper Warta River catchment, made
available by IMGW-PIB. Both the number and the lo-
cation of water-gauging stations made it possible to
study the spatial variability of low-flows and the con-
ditions determining that variability. The investigated
catchments vary in their sizes. The smallest area is
222 km?, while the largest one exceeds 8000 km? (see:
Table 1).

Low flows are those flows that persist during pe-
riods of limited river alimentation. Starting from the
definition of low-flow, based on the threshold lev-
el method (TLM), all daily discharges that remain
below a certain threshold value will be included in
the category of low flows. In the subject literature,
there are many methods for determining the thresh-
old flow ordinate (Tomaszewski 2012). This pa-
rameter is most often assumed as the second-order
main flows, or values from the flow duration curve
(Kaznowska 2006, Tokarczyk 2008, Tomaszewski
2012). Conventional characteristic flows are also
applied, such as environmental flows, minimum
navigable flow, and other guaranteeing correct op-
eration of hydrotechnical devices (Ozga-Zielinska,
Brzezinski 1997, Byczkowski 1999, Tomaszewski
2012). In the present study, the thresholds were
determined based on periodic flows. The threshold
level for low flows during the mild hydrological
drought was assumed to be the 70th percentile from
the flow duration curve, whereas for the severe hy-
drological drought, 95th percentile was assumed. In
the subject literature, the latter is considered to be
the value, below which the severe low-flow phase
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occurs (Debski 1970, Strzebonska-Ratomska 1994,
Tomaszewski 2012). The resulting thresholds were
converted into specific flows — q,, and q,,,, respec-
tively (see: Table 1). In addition, durations of low
flows were identified, counting the days in which
the flow remained below the threshold level. The
annual and multi-annual minimal flows were also
determined (Ng/NNq) and their spatial variability
was investigated. For the annual values of estimated
flows, variation coefficients were calculated in order
to check their dynamics in the studied 30-year peri-
od (Tomalski, Tomaszewski 2015):

sd x

avg x

(1

CVy X =

where:
cvx — variation coefficient,
sd x — standard deviation of the variable x,

avg x — arithmetic mean of the variable x.

LOW FLOWS IN MILDLY DEVELOPED
HYDROLOGICAL DROUGHT

The periodic flows of q,, demonstrate considerable
variation in the studied catchment area (see: Fig. 1).
Their lowest values are found in small lowland catch-
ments (the Nieciecz and the Ole$nica), as a result of
limited hydraulic contact with the drained aquifers
(Jokiel 1987, Tomaszewski 2012). Furthermore, the
Nieciecz flows within the reach of the depression
cone, which reduces the size of the river runoff in this
particular catchment (Wachowiak et al. 2011). Low
flows q.,,, from the range of 2-3 dm’s 'km* are also
typical for other small catchments — the Grabia and the
Liswarta up to Kule. They also concern the Warta Riv-
er in Poraj, which may be caused by influence of the
Upper Silesian mines leading to the lowering of the
groundwater table due to the formation of local and re-
gional depression cones (Jagus, Rzetata 2000). Higher
values of the analysed characteristic flows occur in the

Table 1. Specific low flows in the upper Warta River catchment (1971-2000)

q70%

q95%

NNq

No. River Water-gauge A [km?] [dm’s ko] e [dms k] R? a
1 Warta Poraj 535 2.95 1.89 0.63 - -
2 Warta Dziatoszyn 4101 4.19 2.73 1.90 0.31 —0.043
3 Warta Sieradz 8185 3.91 2.69 1.83 0.16 —0.027
4 Liswarta Niwki 222 3.96 2.34 0.50 0.46 —0.065
5 Liswarta Kule 1545 2.97 1.62 0.71 0.41 —0.063
6 Olesnica Niechmirow 584 1.064 0.80 0.33 - -
7 Widawka Szczercow 719 6.84 4.01 2.25 - -
8 Widawka Rogézno 1182 5.41 3.72 2.01 - -
9 Widawka Podgorze 2377 3.87 2.51 1.08 - -
10 Grabia Lask 470 291 1.49 0.49 0.17 —-0.023
11 Grabia Grabno 816 2.49 1.42 0.77 0.16 —0.032
12 Nieciecz Widawa 259 1.78 0.39 0.01 0.27 —0.041

A —size of catchment area, q,,, — periodic flow 70. percentile, g, — perodic flow 95. percentile, NNq — the lowest low flow, R* — determi-
nation coefficient of statistically significant (o = 0.01) linear trend of annual Nq, a — slope coefficient of statistically significant (o= 0.01)

linear trend of annual Nq
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Fig. 1. Spatial variability of periodic flow g, and annual
number of days with low-flows (T, , ) in the upper Warta
River catchment (1971-2000)

Multiannual periodic flow q,, [dm® s km?]: 1 — 1-2,
2-2-3,3-34,4-4-5,5—>56 — number of catch-
ment, see tab. 1, 7 — variation coefficient of periodic flow
Gy, (€V(d,,))» 8 — annual average number of days with low-
flows (avgT,,), 9 — annual maximum number of days with
low-flows (maxT

70%

70%)

Warta catchment up to Sieradz, which possess signif-
icant water resources, and the Liswarta catchment up
to Niwki, which is located in the upland part of the
studied area and has capacious fissure-layer marlstone
karst waters with slow rate of depletion (Jokiel 1994,
Richling 2006). The Warta up to Dziatoszyn and the
upper Liswarta both have capacious aquifers, with
.y, €xceeding 4 dm’s'km™ (Paczynski, Sadurski
2007). The largest values of periodic flows (q,,,) are
encountered in the Widawka, a catchment involving
strong anthropogenic pressure. As a result of the drain-
age of the “Betchatoéw” Open Cast Mine, the Widawka
receives main water discharges, which make the river
discharge much larger than the natural one.

The variation coefficients of annual periodic flows

d,,, in the upper Warta River catchment are small, and
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they range from 0.22 in Sieradz to 0.5 in Widawa. The
greatest long-term diversity is shown by small low-
land catchments — the Nieciecz and the Ole$nica, sus-
ceptible to falling into low-flows, as a result of small
water resources of the hydrologically active zone (To-
maszewski 2012). These basins are characterized by
a high recession rate of groundwater resources of the
active exchange zone in drought conditions, as well
as a high rate of flow increase due to rain or thaw im-
pulse. Additionally, the Nieciecz catchment is covered
by a depression cone, which significantly affects the
low flows q,, and their variability. The drainage in
this area began in 1975, therefore the size of q,, in
this catchment differs in the studied 30-year period
depending on the economic activity and extent of the
depression cone (Motyka et al. 2007). In the Ole$ni-
ca catchment, we also encounter the manifestations of
water management activities (water meliorations, wa-
ter discharges from sewage treatment plants), which
can affect the increase in the value of cv (q,,,,) can also
be observed. High variability also applies to the Warta
River in Poraj, which is related to the human activity
above the dam.

The average annual number of days with low flow
T,,,, in the upper Warta River catchment in the years
1971-2000 amounts to 102, and it ranges from 96 in
Sieradz to 108 in Dziatoszyn (see: Fig. 1). The spatial
variability of this characteristic is small. The prolon-
gation of low flows in the upland part of the Warta
River catchment may be affected by low susceptibility
to groundwater recharge. High values of maxT,, are
also observed here. This characteristic shows greater
variation in the studied catchment area than the av-
erage annual number of days with this phenomenon
occurs. The average value of the max T, amounts to
amounts to 292 days. The maximum long-term low-
flows persisted in the Warta catchment up to Poraj,
lasting for 365 days in 1991. The prolonging of these
flows is influenced by the water management on the
dam reservoir, and implementation the needs of the
users. High values of maxT,, are also found in the
lower part of the Widawka catchment (Rogézno and
Podgorze). Low flows in 1990 lasted here for over
300 days, and they were associated with hydrological
droughts of the 1990s. Hydro-meteorological condi-
tions in this period had a stronger impact than the
main water discharges, which indicates a high degree
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of severity of this drought in the lower part of the
Widawka. The lowest value of maxT,, was record-
ed in the Grabia and the Nieciecz catchment, whose
susceptibility to resources recession is relatively high
compared to the southern part of the catchment. In
addition, there are many fish ponds in the Grabia
catchment that regulate the water conditions in this
area. When analysing the annual distribution of T, ,
we notice that in some years the number of days with
low flow is 0 (see: Fig. 2). This is connected with
significant flood periods and sequences of wet years,
which appeared at the beginning and at the end of the
studied multi-year period, as well as at the turn of the
1970s and 1980s.

400 -
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Fig. 2. Distribution of annual number of days with low-flows
(T,,,,) in the upper Warta River catchment (1971-2000)

T,,,, — annual number of days with low-flows, 1 — median,

2 — range between first and third quartile, 3 — range limited
by 1 quartile deviation, 4 — outliers under 1.5 quartile devia-
tion, 1,2,...12 — number of catchment, see Table 1

The highest values of T, relate to the beginning
of 1990s, when long-lasting severe low-flows were
observed, which is a manifestation of a severe hydro-
logical drought (Tomaszewski 2012). Distributions
of T, in the studied catchments are asymmetric and
right-sided, and they are the result of a dry years se-
quence (at the beginning of 1990s), during which the
number of days with low flow was much bigger than
in other years. Outliers were observed only in the, up-
land part of the catchment with high water resources
(Dziatoszyn and Niwki), and they are also associat-
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ed with the dry season, when resources of the active
exchange zone could be depleted, and due to the low
susceptibility of these catchments to recharge of re-
sources, low flows lasted for a relatively long time.

LOW FLOWS DURING SEVERE HYDROLOGICAL
DROUGHT

The periodic flows qg,,, being a manifestation of hy-
drological drought with a significant degree of severity,
also show a clear differentiation (see: Fig. 3). Their spa-
tial distribution is comparable to the variation for q,, .
The lowest values of qg, (below 1 dm’s'km™) con-
cern small lowland catchments, such as the Nieciecz
and the Olesnica, which are characterized by a high
rate of recession of groundwater resources from the
active exchange zone in drought conditions. The same
situation was noted for periodic flows during a mild
drought. In the Nieciecz catchment, periodic flows q,,
reach an average of 0.39 dm’s'km=, which is much
less than those observed for g, (1.78 dm’s'km™).
Slightly higher g, (1-2 dm’s'km?) have been ob-
served on the Warta in Poraj, the Liswarta in Niwki,
and on the Grabia. These catchments had also sim-
ilar q,,, values, which were slightly higher, namely:
2-3 dm’s'km™. The difference in the spatial distribu-
tion can be observed in the Warta catchment area up to
Dziatoszyn. It adopts qg,,, values from the same range
as the Warta River catchment up to Sieradz, and the
Liswarta River catchment up to Kule (2-3 dm?s'km™2),
which has not been observed in the spatial distribution
of q,,,, flows. Despite the significant retention capacity
of reservoirs in that area, severe hydrological droughts
play an important role in this catchment, due to the low
susceptibility to recharge of water resources. It can also
be observed that g, flows in the lower catchment of
the Widawka River are smaller than their counterparts
in the upper part of that same river, which was not ob-
served for the value of q., . In Szczercow, upstream
above which water discharges from the mine are pres-
ent, g, flows reach the highest values, namely: above
4 dm’s'km2. Along the watercourse, the influence of
water management on the flow is decreasing.
Variability of flows q,,, is the same as that for q_,,.
The largest cv(q,,,,) occur in small catchments, such as
the Nieciecz (0.67), the Grabia (0.39) and the Ole$ni-
ca (0.37). These catchments are characterized by
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Fig. 3. Spatial variability of periodic flow q,, and annual
number of days with low-flows (T,., ) in the upper Warta
River catchment (1971-2000)

Multiannual periodic flow q,, [dm’s'km?]: 1 — <1, 2 —
1-2,3-2-3,4—-3-4,5—>4, 6 — number of catchment,
see tab. 1, 7 — variation coefficient of periodic flow g,
(cv(qys,,))> 8 — annual average number of days with low-
flows (avgT,,,,), 9 — annual maximum number of days with
low-flows (maxT,,, ), 10 — the lowest low flow, 11 — varia-
tion coefficient of low flow Nq (cv(NQ)), 12 — determination
coefficient of statistically significant (o = 0.01) linear trend
of annual Nq low-flows, 13 —slope coefficient of statistical-
ly significant (o= 0.01) linear trend of annual Nq low-flows

95%

a greater variability of periodic flows during a severe
hydrological drought than during a mild drought peri-
od. The qg,,, flow is associated with the phase of com-
plete development of the hydrological drought, during
which deep groundwater reserves are drained. This is
a rare phenomenon, therefore the variability of peri-
odic flows during a severe hydrological drought will
be greater than that during a mild drought. The small-
est variability of flows q,,, and q,,, is characteristic
for the Warta River in Sieradz, due to the quantity of
the catchment resources and the asynchronous in low
flows formation on the main river and its tributaries.
The average annual number of days with low flow

T,.,, amounts 16. The spatial variability of avgT

95% osv6 15
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low. The smallest value of this characteristic is noted
at the Widawka in Szczercéw, where at the same time
the highest value of q,,, was recorded (see: Fig. 3).
In the same location, the smallest maximum number
of days with this low flow was observed. Severe low-
flows in this catchment are short-lived due to mine
water discharges that affect them more strongly than
the hydro-meteorological conditions. Low values
of avgT,, are also observed in Poraj (13 days) due
to the maintenance of the guaranteed flow, however
maxT,, is the largest here, reaching 160 days. As
mentioned before, small lowland catchments are char-
acterized by a high rate of recession of groundwater
resources of the active exchange zone in drought con-
ditions, therefore the flows q,,, in such catchments
last for a relatively long time (here: 16 days). The
high value of maxT,,, is present in the upland part
of the catchment (Kule, Dzialoszyn), due to the high
retention capacity and low susceptibility to ground-
water recharge. Therefore, during a well-developed
hydrological drought, the number of days with low
flows may be longer. Long maxT,,,, are also observed
in the Warta River in Sieradz (139 days) and in the
Nieciecz (126 days). The latter is of course related to
human activity. The Warta in Sieradz is characterized
by flows q,,, at the level of 2-3 dm’s"'km™, however,
it is a catchment with low retention of the hydrolog-
ically active zone and the average susceptibility to
renewing water resources (Jokiel 1994). These high
values of maxT,,, may concern the 1990s, when se-
vere hydrological droughts occurred.

Minimum flows (NNq) also show spatial differ-
entiation (see: Fig. 3). The lowest value of NNq oc-
curred in the the Nieciecz catchment, where as a result
of the impact of the depression cone, flows decrease to
0.01 dm*s~'km™. Equally low minima characterize the
remaining small lowland catchments — of the Ole$nica
and the Grabia. A low NNq value is also characteristic
for the Liswarta catchment, where in the upper part it
reaches 0.33 dm’s'km™, due to the low susceptibili-
ty to groundwater recharge. In addition, the Liswarta
River in its upstream course is regulated, and at the be-
ginning of the studied multiannual period, reclamation
works were conducted there, which caused a lowering
of the groundwater table (Fajer 2003, 2007). Higher
NNq values occurred in large catchments with large
water resources, such as the Warta River up to Dziato-
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szyn and the Warta River up to Sieradz. The highest
NNq values were observed in the upper Widawka
catchment, which — as a result of human activity — is
resistant to the development of severe hydrological
droughts. The variation coefficients of annual flows
Nq are higher than in the case of periodic flows g,
and q,,,, but their spatial distribution is similar. The
biggest cv(Nq) values were found in small lowland
catchments, and the smallest in catchments with large
water resources, such as Sieradz and Dziatoszyn.
When analysing the Nq distributions in the studied
catchment, one can notice their strong variation (see:
Fig. 4). Similar distribution of Nq is observed in the
largest catchments with large water resources — the
Warta River up to Sieradz and Dzialoszyn. Slightly
higher values are observed in Dzialoszyn, due to the
higher retention capacity of groundwater reservoirs,
occurring in well-fissured karst rocks. Higher values
can be seen in the Widawka catchment. It is charac-
terized by the largest interquartile range. The maxi-
mum annual Nq can reach here almost 9 dm’s'km™.
The distribution of the studied characteristics in this
catchment is asymmetrical, skewed to the right, which
is associated with mine water discharges since 1975
as a result of dewatering of the deposit in the “Bet-
chatow” Open Cast Mine. Therefore, the low flow
from this catchment is larger. Along the course of the
Widawka, the impact of the economy conducted in the
mine on the formation of Nq values is observed. The
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Fig 4. Distribution of Nqlow flows in the upper Warta River
catchment (1971-2000)
Nq — low flow, 1-4 — see fig. 2
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Nq distributions in Rogdzno and Podgérze are similar
to those for Szczercow. Right-skewed asymmetry is
observed, however low-flows are smaller in this case.
The smallest interquartile range and the lowest Nq val-
ues are noted in small catchments such as the Ole$nica,
the Nieciecz and the Grabia, as well as the catchment
covered by anthropogenic pressure — the Warta Riv-
er up to Poraj. The slightly asymmetric distribution,
skewed to the left is characteristic of the Liswarta Riv-
er catchment in Niwki, which is not observed on the
water-gauge in Kule, where the distribution is skewed
to the right, and more similar to that in Dzialoszyn.
Such structure of Nq in Niwki may be connected with
the already mentioned regulation of the riverbed in the
upper course of the river, and melioration works that
took place at the beginning of the studied period (Fajer
2003, 2007).

In the study of the long-term variability of low
flows, for each sub-catchment, the existence of trends
at the level of o = 0.01 was verified. The analysis of
systematic components in the long-term course of Nq
led to the identification of linear trends, statistically sig-
nificant for the majority of the catchments (see: Fig. 3,
Table 1). Significance was checked using the Student’s
T-Test and the Mann-Kendall Trend Test (Yule, Ken-
dall 1966, Tomalski, Tomaszewski 2015). Trends are
not statistically significant only in the catchments
covered by anthropogenic pressure (the Widaw-
ka and the Warta up to Poraj), and for the Olesnica
catchment. The Widawka and the Warta in Poraj are
characterized by a different degree of anthropogenic
pressure. On the Widawka River, large Nq values are
observed at the turn of the 1970s and 1980s, when
drainage works were started at the “Belchatow” Open
Cast Mine, whereas relatively low values are noted in
the 1990s. In the Warta River catchment, up to Poraj,
the Nq values are more evenly distributed, due to the
water management on the dam reservoir, therefore no
statistically significant trend was observed. Neither
of these catchments shows any trends, because water
management has a much stronger impact than the hy-
dro-climatic conditions. The lack of any tendencies in
the Olesnica catchment may also have anthropogenic
background, associated with drainage or discharges
of water from sewage treatment plants. In other catch-
ments, there are significant negative trends, which in-
dicate a relative decrease in low flows in the studied
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multiannual period. The slope coefficients are rela-
tively low, ranging from —0.065 in Niwki to —0.023 in
Grabno. Trendline adjustment is also relatively small.
Higher coefficients of determination are typical for
the upland part of the catchment (the Liswarta, the
Warta up to Dziatoszyn), and lower, for the lowland
part (the Warta up to Sieradz, and the Grabia). The
studied multi-year period is characterized by a large
diversity of hydro-meteorological conditions. Within
it, there are periods that are almost completely free
from low-flows (beginning and end of the studied pe-
riod, and the turn of the 1970s and 1980s), but there
are also dry periods, leading to severe hydrological
droughts in the early 1990s (Tomaszewski 2012).
A clear decline in minimum low flows is observed
until the 1990s, while after that, a certain increase is
observed (see: Fig. 5). Therefore, the identified trends
should be interpreted with great caution, due to the
relatively short time horizon of the research (namely,
a period of 30 years).

Liswarta — Niwki

Ng, dm®- s - km™

a=-0.065

o R? = 0.46
1971 1974 1977 1980 1983 1986 1989 1992 1995 1998

Fig. 5. Example of statistically significant negative linear
trend in the Liswarta River catchment up to the water-gauge
at Niwki

Nq - low flow

CONCLUSIONS

The periodic flows g, and q,,,,, and also minimum
flows (NNq) show significant variation in the upper
Warta River catchment. The analysis has shown that
both their hydro-climatic and physiographic factors
determine their spatial structure. The reservoirs of
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groundwater in the active exchange zone, as well as
the size of watercourses, have significant impact on
the spatial distribution of the studied characteristics.
Differences in the q,, , q,,,, flows and in NNq between
lowland and upland areas were observed. Much higher
values characterized the latter part of the catchment, as
aresult of the drainage of karst and fissure-karst waters.
The catchments in this area are characterized by high
retention of the hydrologically active zone, whereas the
susceptibility to groundwater recovery is average and
low, which sometimes affects the increase in the num-
ber of days with low flows. In the catchments with the
largest water resources, relatively high values of peri-
odic flows with little variability and a relatively high
value of avgT,, .., are observed. The lowest values
of flows q.,., q,, and NNq and their greatest varia-
bility are observed in small lowland catchments due
to limited hydraulic contact with the drained aquifers.
Another group of factors significantly affecting the
distribution of periodic flows are water management
activities, consisting mainly of drainage and water
transfers in the “Belchatow” Open Cast Mine as well
as the water management on the Poraj dam reservoir.
The spatial variability of the average number of days
with low flows is low. Greater variation is observed for
the maximum values of this characteristic. Both during
mild and severe drought, the longest low flows were
recorded for the Warta in Poraj and Warta in Dziato-
szyn, which is affected by the water management of the
reservoir and the slow rate of renewing water resources
in the upland part of the catchment. The lowest values
are observed in the Widawka catchment, which — as
a result of its water management — does not react to
changes in climatic conditions. The decrease of q,,,,
dys,, flows and NNq was also influenced by hydro-cli-
matic factors, namely the severe hydrological droughts
of the 1990s, as evidenced by the analysis of trends in
the long-term course of annual minimum flows. The
above-mentioned trends did not cover catchments un-
der strong anthropogenic pressure.
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PRZESTRZENNA ZMIENNOSC PRZEPLYWOW NIZOWKOWYCH W ZLEWNI GORNEJ WARTY

ABSTRAKT

Przeplywy nizowkowe stanowig wazny element rezimu rzecznego. Ich rozpoznanie poszerza wiedzg o ksztal-
towaniu si¢ zasobéw wodnych w warunkach suszy. Przeprowadzone analizy miaty na celu oceng przestrzen-
nej struktury tych przeptywdw. Obszarem badan byta zlewnia Warty po wodowskaz w Sieradzu. Wejsciowy
material badawczy stanowily serie przeptywow dobowych z okresu 1971-2000 dla 12 wodowskazow zlo-
kalizowanych w tej zlewni, udostepnione przez IMGW-PIB. W pierwszym etapie wyznaczono przeptywy
okresowe na bazie krzywej czasOw trwania wraz z wyzszymi oraz roczne przeptywy minimalne. Ich warto$ci
zostaty przeliczone na odplywy jednostkowe, dzigki czemu mozliwe byty analizy poréwnawcze. Na podsta-
wie uzyskanych wynikéw dokonano oceny przestrzennej zmienno$ci przeptywow nizéwkowych w badane;j
zlewni. Dla wszystkich przekrojow zidentyfikowano roczng liczbg dni z przeptywem nizowkowym. Ocenie
poddano takze dynamike i rozktady minimow przeptywu, pojawiajacych si¢ w okresie wieloletnim. Przepro-
wadzone analizy pozwolily na wyodrebnienie czynnikow decydujacych o strukturze przeplywow nizéwko-
wych. Wyniki badan zostaty zilustrowane na stosownych mapach i wykresach.

Stowa kluczowe: odptywy charakterystyczne, przestrzenna zmienno$¢ odptywu, susza hydrologiczna

76 www.formatiocircumiectus.actapol.net/pl/



