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ABSTRACT. Values of daily discharges of the Warta river in Poznani in the years
1822-1997, annual precipitation totals and mean annual temperatures for Poznan in the
years 1848-1997 were used as output data in the paper. A characteristics of meteorologi-
cal conditions in the last 150 years is presented here, along with periodicity, time trends
and discharge variability within the period of recorded observations, i.e. since 1822. Pe-
riodicity of discharge changes was determined using the method of harmonic analysis,
whereas time trends were established with the use of the least square method.
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Introduction

The set of values of the Warta discharges in Poznai is one of the largest in the
world as the daily observations of river stage have been conducted without inter-
ruptions since January, Ist, 1822 (Olejnik 1989). Also the set of meteorological
observations and measurements in Poznan is of significant value (e.g. precipitation
and air temperature have been measured here since 1848).

The Poznan measurement profile is situated in the 243.6 km (or in the 565 km
of the Warta course, as calculated from the river-head) and closes the catchment
area of approximately 25 thousand square kilometres. A characteristic topographic
feature of the catchment is its flatness. Until the river reaches Poznan, lakes are
seldom found as they are located mainly in the northern part of the catchment. The
area of standing water includes two retention reservoirs situated in the upper and
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central part of the catchment basin, i.e. “Poraj” (total storage volume of approx.
25 000 000 m?®, built in 1979) and “Jeziorsko” (total storage volume 203 000 000
m3, officially put to use on Sgptember, 9th, 1987). The latter one plays a highly
significant role in the flow transformation.

Materials and methods

Data used as output in the paper were daily values of the Warta discharges in
Poznaii in the years 1822-1997. The data for 1822-1990 were taken from the paper
by Olejnik (1989), and for the years 1991-1997 they were purchased in the Poznan
office of the Weather Bureau (IMGW). The course of meteorological conditions was
determined on the basis of totals of annual precipitation and average annual air
temperatures for Poznan in the years 1848-1997, taken from the author’s earlier
paper (Miler 1998) as well as data obtained in the Poznan office of the Weather
Bureau. The last 10-year long period covers also the time the “Jeziorsko” reservoir
has been in use. The characteristics of weather conditions in the last 150 years,
time trends and variability of discharges were established in a standard way, using
appropriate methods, i.e. least square (for time trends) and parameter tests (test t
by Student — mean values, test F by Snedecor — variances). Periodicity of discharge
changes was estimated using the method of harmonic analysis.

Results and discussion

Course of meteorological conditions

The climate in Poznan, a city situated in the centre of the Wielkopolska region,
exhibits considerable stationarity. The difference between mean annual precipita-
tion, i.e. 512 mm in the 1848-1997 period (150 years), and the respective average
of 513 mm in the 1948-1997 period (50 years) is only 1 mm. Moreover, there is
no difference between mean annual air temperatures for the above mentioned pe-
riods, which for both of them was 8.3°C. This phenomenon results in a lack of
statistically significant time trends in precipitation and air temperature changes
during the last 150 years (Figs 1-4).

Characteristics of river runoff

Climatic changes, and consequently also changes in river runoff are caused by
natural factors (such as e.g. changes in solar activity in 11-, 22-, 35-, 90- and 180-
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Fig. 1. Time trend of annual precipitation in Poznan in the years 1848-1997
Ryc. 1. Trend czasowy sum rocznych opadéw atmosferycznych w Poznaniu w latach
1848-1997
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Fig. 2. Time series of annual precipitation in Poznan in the years 1848-1997, smoothed
with simple five yearly moying averages
Ryc. 2. Przebieg czasowy sum rocznych opadéw atmosferycznych w Poznaniu w latach
1848-1997 wyréwnany przez 5-letnie $rednie konsekutywne
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Fig. 3. Time trend of mean annual air temperature in Poznan in the years 1848-1997
Ryc. 3. Trend czasowy érednich rocznych temperatur powietrza w Poznaniu w latach
1848-1997
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Fig. 4. Time series of mean annual air temperature in Poznan in the years 1848-1997,
smoothed with simple five yearly moving averages :
Ryc. 4. Przebieg czasowy érednich rocznych temperatur powietrza w Poznaniu w
latach 1848-1997 wyréwnany przez 5-letnie $rednie konsekutywne
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year periods) and anthropogenic ones (e.g. an increase in air pollution) (see e.g.
Boryczka 1993, Wos 1994). Chronological sequence — i.e. time series F(t) for a
given parameter may be described as follows:

F{t}:da+ﬂ+t+§:f1.—-sin (2:;___11-1+Wi)+6[t] (1)

where: A, - constant value,
A - variability trend,

t - time,

A; — amplitude,

T; - period,

¢; — phase displacement,
i — harmonic number,

£(t) — random component.

The Warta river runoff shows considerable stationarity (Figs 5 and 6), espe-
cially in terms of mean annual values. Time trend for the mean annual discharges
(Qsr = 89.2+ 0.084 - T (m®/s), T — years) is not statistically significant (for a =
0.05) in the whole observation period, i.e. in the years 1822-1997. Short-term trends
are random in character. While analysing mean daily discharges of the Warta river
in Poznan smoothed, e.g. with respective moving averages, or the course of mean
monthly discharges, it is easy to notice the annual periodicity, which obviously is
connected with the annual periodicity of weather conditions. The Warta tributaries
also exhibit such an annual periodicity (Miler 1997). Within the last 10 years due
to the impact of the “Jeziorsko™ reservoir, the variability of daily discharges and,
in consequence, also maximum values of discharges have become markedly lower.
It should at the same time be noted that meteorological conditions in the years
1988-1997 in the Warta basin were comparable to the average conditions for the
area. Mean standard deviation for one year in case of daily discharge in the period
of 1822-1987 (166 years) was 75.3 m®/s, but the corresponding standard deviation
in the 10-year period of the “Jeziorsko” reservoir operation was only 38.8 m?3/s.
This decrease in the daily variability is obviously statistically significant (for o
= 0.05). Within the last 10 years there has been an increase in the mean lowest
discharge (SNQ) and a decrease in the mean highest discharge (SWQ). In both
cases the changes are statistically significant (for a = 0.05). Moreover, during that
period a slight decrease in the mean discharge was also observed, but it was not
statistically significant (for a = 0.05). No statistically significant trend was found
in the changes of mean annual discharge in the years 1988-1997. The above va.luea,
presented in Table 1, indicate clearly that the eﬂ'ect of the “Jeziorsko” reservoir
on the Warta -:Imchargea is considerable.

Basically two methods were used to examine the periodicity of time series: har-
monic analysis (based on the Fourier series) and spectroanalysis (autocorrelation
method). Harmonic analysis was used in this paper as it gives more information
than the autocorrelation method (Miler 1998).
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Fig. 5. Time series of mean annual discharges of the Warta river in Poznain in the
years 1822-1997, smoothed by simple 11 yearly moving averages

Ryc. 5. Przebieg czasowy $rednich rocznych przeptlywéw Warty w Poznaniu w latach
© 1822-1997 wyréwnany przez 11-letnie $rednie konsekutywne
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Fig. 6. Time series maximum annual discharges of the Warta river in Poznai in the
years 1822-1997, smoothed by simple 11 yearly moving averages
Ryc. 6. Przebieg czasowy maksymalnych rocznych przeplywéw Warty w Poznaniu w
latach 1822-1997 wyréwnany przez 11-letnie srednie konsekutywne
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Table 1

List of specific discharges (m®/s) of the Warta river in Poznan
- Wykaz przeplywéw charakterystycznych (m®/s) Warty w Poznaniu

Characteristic Period — Okres
Charakterystyka 1822-1997 | 1822-1987 [ 1988-1997
The lowest recorded value in period (NNQ) 11.5 11.5 32.5
Mean of the annual lowest recorded values (SNQ) 32.5 32.1 39.5
Mean recorded value (SSQ) 96.6 97.2 87.4
Mean of the annual highest recorded values (SWQ) 435 449 201
The highest recorded value in period (WWQ) - 1 720 1 720 359

The term Fourier series of the integrable function f(z) is used to describe the
expression:

1 = .
§-a,+§(an-cosnz+bn-smnz) (2)
where:
1 7
a,,=ﬁ-/f(z)-cosnz-d:: (3)

-n

411
b, = % / f(z) -sinnz-dz, (n=0,1,2,..) (4)
“n

It may be shown (Leja 1973) that when function f(z) is monotonic at intervals
in the interval [—II, +II] and periodic with the 2 - II, then the above series (2) is
always convergent and has a sum f(z,) in each point z, of the function continuity,
and in each point of discontinuity it has a sum [f(z,+) + f(z.—)]/2. Thus, with
the use of the Fourier trigonometric series in the interval from —II to +II also
functions to some extent arbitrary may be presented. Formulas (3) and (4) to
obtain series coefficients may be arrived at with the use of interpolation (Miler
1998). .

Obviously, interval [—II, 4+II] may be replaced by another interval, especially
interval [0,7]. In that case, function f(f) monotonic in the interval [0,77] and
periodic with period T is considered here. Formulas for coefficients ay, f, (corre-
sponding to a, and b,) will have the following form:

2 2n 2.n
Ay = m);of(tj)’mth.’, (v=0,l,2,---'") (5)
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2 2n 2 n
Bv=—2-ﬂ+lj§f(tj).51nv T tj) (v=0,1‘2’

where:

P 1
N — N i=0,1,...
I = 2on+1 (2 +’)’ (7=0.1,..,2n)

Trigonometric multinominal will have the following form:

1 = ; 2-11
-2-~ao+§’7k-sm (k- T -5 +‘Pk)

)

where:
v = \/a? + B - amplitude of k¢s harmonic
Pk = arctg %‘- — initial phase of k¢;; harmonic
k

(6)

(7)

(8)

(9)

(10)

Values 7, (9) is the basis for the evaluation which of the harmonics “plays a
significant-role”. Calculated amplitudes (yx) for 87 harmonics for mean annual
discharges of the Warta river in Poznan are presented in Figure 7. The following
harmonics have significant values: 4 (dominant), 10, 14, 22, 25, and 33. It indicates
that periodicity exists, respectively, for: 44-, 17.5- 12.5-, 8-, 7-, and 5.3-year periods.
The 44-year periodicity may be connected with the periodicity of solar activity,
and the 8-year one with the periodicity of air temperature in Poland (7.7-year
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Fig. 7. Spectrum of oscillations of mean annual discharges of the Warta river in Poznan

in the years 1822-1997

Ryc. 7. Widmo oscylacji $rednich rocznych przeplywéw Warty w Poznaniu w latach

1822-1997
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periodicity of air temperature in Poland in the years 1951-1990 was presented by
Zmudzka (1995), the same periodicity may be observed for air temperatures in
Poznan in the years 1848-1995 (Miler 1997).

Conclusions

Time trend for mean annual discharges of the Warta river in Poznan is statis-
tically insignificant (for @ = 0.05) in the whole observation period, i.e. 1822-1997,
as well as in the last 10 years. There were short-term change trends, but they
were completely random in character. Calculations indicate that the effect of the
“Jeziorsko” reservoir on the regime of the Warta discharges is considerable. It is
marked in statistically significant lowering of the daily discharge variability, as well
as in the increase in the mean lowest discharge (SNQ), and the decrease in the
mean highest discharge (SWQ).

Calculated harmonic amplitudes for mean annual discharges of the Warta river
in Poznan show that there are main periodicities of 44 and 8 year lengths. The
44-year periodicity may be connected with the periodicity of solar activity, whereas
the 8-year one with the periodicity of air temperature in Poland.
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ZMIENNOSC PRZEPLYWOW WARTY W POZNANIU

Streszczenie

W pracy sa wykorzystane jako dane wyjsciowe dobowe wartosci przeplywéw Warty
w Poznaniu w latach 1822-1997 oraz sumy roczne opadéw atmosferycznych i érednie
roczne temperatury powietrza dla Poznania z lat 1848-1997. Ostatni 10-letni przedzial
czasowy obejmuje okres eksploatacji zbiornika Jeziorsko. W zlewni Warty do profilu Po-
znah rzadko wystepuja jeziora. Powierzchnie¢ wéd stojacych zwigkszaja dwa zbiorniki
retencyjne, zbudowane w gérnej i srodkowej czgsci zlewni ,Poraj” i ,Jeziorsko”. Szcze-
gélna role w transformacji przeplywu ma ten ostatni zbiornik. W pracy przedstawiono
charakterystyke poréwnawcza warunkéw meteorologicznych w ostatnim 150- i 50-leciu,
okresowoéci, trendy czasowe i zmiennosci przeplywéw oraz przeplywy charakterystyczne
w ostatnim 10-leciu na tle przeplywéw w ponad 150-letnim okresie poprzedzajacym. Cha-
rakterystyke poréwnawcza warunkéw meteorologicznych, trendy czasowe i zmiennosci
przeplywéw oraz przeplywy charakterystyczne opracowano w sposob standardowy, wy-
korzystujac stosownie metody: najmniejszych kwadratéw (trendy czasowe), najwigksze)
wiarygodnoéci (prawdopodobiefistwo temperatur, opadéw i przeplywéw) i testy parame-
tryczne (t — wartoéci érednie i F' — wariancje). Okresowosci zmian przeplywow oszacowano
metoda analizy harmonicznej (szereg Fouriera). Klimat centralnie polozonego w Wiel-
kopolsce Poznania wykazuje stosunkowo duza stacjonarnosé. Obliczone amplitudy har-
monicznych dla érednich rocznych przeplywéw Warty w Poznaniu wskazuja na istnienie
dominujacych okresowoéci: 44- i 8-letnich. Pierwsza cyklicznosé mozna wiazaé z okresowo-
écia aktywnosci Slorica, natomiast druga — z okresowoscia temperatur powietrza w Polsce.
Odplywy Warty wykazuja, podobnie jak klimat, dos¢ duza stacjonarnos¢. Trend czasowy
érednich rocznych przeplywéw jest statystycznie nieistotny w calym okresie prowadzo-
nych obserwacji, tj. w latach 1822-1997, jak i w ostatnim 10-leciu. Wystepowaly wyraine
krétkookresowe tendencje zmian, lecz mialy charakter efemeryczny. Wykonane oblicze-
nia wskazuja na istotnie duzy wplyw zbiornika ,Jeziorsko” na rezim przeplywéw Warty
w Poznaniu. Zaznacza sie to w istotnym statystycznie obniZeniu zmiennosci dobowe)
przeplywéw, wzroscie éredniego niskiego przeplywu oraz obnizeniu éredniego wysokiego
przeplywu.



