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Abstract

An attempt to apply the seasonal ARIMA model to complement the missing one year
hydrochemical data, particularly temperature, COD-Cr and total concentrations of
phosphorus and iron on example of water outflow from the Rusatka Lake in city Szczecin
(NW Poland).

Keywords: natural water, water quality, measuring results, ARIMA model, missing
data complementation

Introduction

ARIMA models are investigative tools, which have been used to the analyses of
experimental data in many fields of science (Demski 2004). With success ARIMA
models are used to generating prognoses mainly in economic sciences (e.g. Snyder
et al. 2001; Tseng et al. 2002; Andersen et al. 2003; Trzpiot and Orwat 2007,
Talaga and Zielinski 1986; Talaga 1999). They found also application ingenerating
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prognoses e.g. in natural sciences (Montanari et al. 1997, 2000; Bucior et al. 2005;
Poleszczuk et al. 2005) on the ground of long-term experimental data. Therefore
the forecasting models are the most important to predicting data values.

In this work was apply attempt the ARIMA models to estimated missing
experimental data (Talaga and Zielifiski 1986; Talaga 1999) for one year in 7th-years
investigated series. This test was realized for chosen surfaces water quality indices
(water temperature, COD-Cr, P, conc. and Fe,, conc.) on outflow waters of the
Rusatka Lake in Szczecin (NW Poland) (Figure 1).
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Figure 1. Rusatka Lake in Szczecin (NW Poland). Measuring station location in
Kasprowicz Park (after Poleszczuk and Bucior 2009)
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Characteristic of Rusalka Lake

The Rusatka Lake (Figure 1), located in Szczecin city agglomeration, in the
Kasprowicz Park is extended bed of Os6wka stream. The volume of supplying
water inflow, the Rusalka lake could have been seen rather as a stream water flood
area but not a lake — which is shown by estimating the average water retention
time in Rusatka on ca 30 days (Poleszczuk et al. 2012a). These lake possesses
elongated shape with narrowing in his central part. Water inflow to the reservoir
by underground channel and outflows by the same method. Rusatka Lake is
connected to the municipal sewage system of Szczecin city, which fulfill role of
retention water reservoir.

Material and methods

In Department of Chemistry and Natural Waters Ecosystems Management
water quality indices were investigated on the water outflow from Rusatka Lake
(Figure 1) in Szczecin city (NW Poland) in years 1999-2005. Selected results of
these study (temperature, COD-Cr, P, and Fe,, ) are presented in these paper.
Water quality indices values were obtained in accordance with specific analytical
procedures: COD-Cr — ISO 6060:1989, P, — PN-EN 1189:2000, chapter 6 and
PN-EN ISO 6878:2006 P., Fe,, — ISO 6332:1988. Some part of the research
results were presented in works: Poleszczuk and Wawrzyniak (2002), Poleszczuk
et al. (2012a, b), Bucior et al. (2013).

On basic of the dataset from years 1999-2002 and 2004—2005 was building
the model which describer the changes of these water quality values in support
about ARIMA model (Mongiato 1995), and made an data estimation (Lesinska
et al. 1997) in year 2003. Evaluated data was verified by comparison with
experimental data.

Results and discussion

All of the calculations were made in statistic applications contained within computer
library Statistica 11 PL (Lesinska et al. 1997), time series and forecastings, ARIMA
models. Choose ARIMA method to checking its usefulness to describing incomplete
data (Talaga and Zielifiski 1986; Talaga 1999) with regular and nonregular seasonal
changes (Talagaand Zielinski 1986; Talaga 1999; Zawadzkiand Goc 2010). The data
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of recruitment samples and determinations chosen coefficients characterized water
quality of surface waters (temperature, COD-Cr, P, and Fe,,) in years 1999-2005
was treated as time discreet series with one-year space. For so defined rows was
marked autocorrelation (Figure 2) and partial autocorrelation (Figure 3) choosing
ARIMA model with backwards intervention. To the calculations assume that the
intervention is gradual and durable.

Repeated seasonable changes in year-old cycles were treated as autoregression
model (p) of moving average (q) with time-lag one year (12 months) which describe
time series, for which (p + q) > 3 (Andersen et al. 2003; Lesinska et al. 1997).

The Auto Regressive Integrated Moving Average (ARIMA(p, d, q)) models
obtain to the forecasts incomplete data. For a given time series {x,}, the persistence
forecast is obtained by setting

x(n+1) = x(n),

which implies that the average for water quality indices forecast for the next
month.

The ARIMA models are traditionally very well suited to capture short range
correlations, and hence have been used extensively in a variety of forecasting
applications. Using the ARIMA models would require the inclusion of a large
number of AR(p), MA(q) and differencing (d) parameters which would result in
an expensive model.

Let {x,} represent the time series of monthly average for waters quality
indices. Then, a ARIMA(p; d; q) formulation for the series can be described by
equation:

9(B) (1 - B)!(x,— n) = O(B)e,,

where:
g, — is free term in the expression,
1 — is constant,
d — assumes fractional values.
B is the backshift operator defined by

B(x) = x.;.
The functions &, 6 are polynomial functions of the backshift operator B:

OB)=¢,~0,B-0,B — ...~ O, B’ (1)
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0B)=u+0,B+06,B°+...+0, B 2)
where:
9,,0,, ... — are parameters in autoregression (AR) model,
0., 0,, ... — are parameters in moving average (MR) model.

The operator (1 — B)? is defined through a power series expansion:

Jj=o
(1-B)'= Y78,
=0

where 7,= 1 and forj > 0

=

=J
7 = {(k-1-d)/k

J
k=1

forj=1,2, ...

Thus, the ARIMA model is completely described by p parameters &, (where
p=1,2,..), q parameters &, (where ¢ = 1, 2, ...) and the fractional parameter
in equations (1) and (2). After defined the structure of the ARIMA model, the
estimation of parameters in this model can be performed.

Then was executed estimation of parameters of this model McLeod’s and
Holanda-Sales method. Approximate McLeod’s and Holanda-Sales is the fastest
estimation method, and should be used in particular for very long time series,
because not impose fixed limitations on the lengths of time series. McLeod and
Holanda-Sales (McLeod and Holanda-Sales 1983) recommend to specify the
number of backcasts so that:

No. of backcasts =g +s - g, +20:(p + 5 * p,),

where:
D> DPs ¢, and g, — are the non-seasonal and seasonal autoregressive and
moving average parameters, respectively,
s — is the seasonal lag.

Several iterations may be required to obtain convergence when the model
contains moving average factor. Sufficient accuracy is usually obtained on the
first step of evaluation.

Missing data to calculation were replacement by mean values from earlier
data with interval 12 variables:
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1
z 2N
_ o,
X=—————
1 b
2
O-i
where:
+ — mean values,
x; — data value,
o — interval (seasonal lag).

The next step was the test of construction of foreseeing model was undertaken
missing in model values (Lesifiska et al. 1997). The level of significance for
studied model was accepted carrying out 95%. The corresponding parameters
estimated for each water quality indices models was shown in Tables 1-4.

Table 1. Parameters of ARIMA model for water temperature

Parameter Jda Py Qq) ) Qs
Estimation 0.00225 0.99999 0.58430 0.02778 0.11262
Table 2. Parameters of ARIMA model for COD-Cr
Parameter Ao P, Qq Q) Qs
Estimation —0.03400 0.99992 0.45734 -0.08190 0.23121
Table 3. Parameters of ARIMA model for conc. of P,
Parameter du Ps(l) Qs(l) QS(Z) Qs(})
Estimation -0.04750 0.99994 0.63580 0.14146 -0.01120
Table 4. Parameters of ARIMA model for total Fe concentration
Parameter 1)) Ps( 1 Qs( 1 Qs(Z) Qs{})
Estimation -0.24700 1.0000 0.74528 0.16659 -0.13080

The changes of chosen quality coefficients in analysed period and its
estimated values in missing 2003 year were presented on Figure 4 and on the Tables
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5 and 6. The aim of verifying estimated values investigated coefficients, the value
generated through chosen model ARIMA were compared from experimental data
(Figure 4). From introduced on Figure 4 data, arise that investigated water quality
indices showed reasonable, occurrent seasonal periodically changes (Bucior and
Poleszczuk 2006; Talaga and Zielinski 1986; Talaga 1999; Zawadzki and Goc 2010).

Table 5. Forecasting values and experimental data for water temperature and COD-Cr

Water temperature COD-Cr
No. Date forecasting experimental forecasting experimental
(prognoses) (observed) (prognoses) (observed)
values values values values
48 | January 2003 1.3 0.5 62 61
49 | February 2003 9.0 7.0 68 69
50 |March 2003 18.8 10.0 74 74
51 | April 2003 14.7 14.0 65 73
52 | May 2003 18.3 18.0 66 74
53 | June 2003 20.5 22.0 61 70
54 | July 2003 21.7 21.0 68 82
55 | August 2003 21.3 20.0 73 73
56 | September 2003 9.2 13.0 70 71
57 | October 2003 6.9 8.0 84 86
58 |November 2003 4.6 5.0 75 71
59 | December 2003 1.9 0.0 72 76

Table 6. Forecasting values and experimental data for concentrations P,,, and Fe,,

P, conc. Fe,, conc.
No. Date forecasting experimental forecasting experimental
(prognoses) (observed) (prognoses) (observed)
values values values values
48 | January 2003 0.52 0.72 0.18 0.17
49 | February 2003 0.53 0.45 0.22 0.25
50 | March 2003 0.51 0.60 0.24 0.23
51 | April 2003 0.51 0.50 0.18 0.55
52 |May 2003 0.34 0.32 0.22 0.48
53 | June 2003 0.91 1.19 0.18 0.53
54 | July 2003 0.70 0.75 0.17 0.49
55 | August 2003 0.85 1.39 0.19 0.38
56 | September 2003 1.66 1.58 0.15 0.35
57 | October 2003 1.00 1.22 0.23 0.45
58 | November 2003 0.62 0.76 0.23 0.23
59 | December 2003 0.48 0.50 0.18 0.15
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The water temperature values show very regular seasonal changes, therefore
missing values had very good estimated through model ARIMA. Values of
concentrations COD-Cr and P,, show also seasonal changeability. However
it was periodically irregular changeability. For these rows generated through
model ARIMA data were satisfactory. The time series describe the changes of
concentrations Fe,, in surface waters outflow from Rusatka Lake show very
irregular seasonal changeability. For these time series missing data generated
through model ARIMA were compared from experimental data. It was affirmed,
that for total Fe concentrations estimated values was unsatisfactory.

The models were applied to forecasts monthly chosen water quality indices
in long-time series. The proposed method was not improve the accuracy of
forecasting by the significance level of 95%.

Conclusions

ARIMA models can be used with success for estimating missing data (e.g. changes

of water temperature in this work) in long-time series with very regular seasonal

variability. In some special case (e.g. changes total concentration of Fe described
in this work) when the seasonal changes are less regular — the ARIMA method is

not the method which giving satisfaction results.
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ZASTOSOWANIE SEZONOWYCH SZEREGOW CZASOWYCH ARIMA
DO UZUPELNIANIA NIEPELNYCH HYDROCHEMICZNYCH
DANYCH POMIAROWYCH

Streszczenie

W artykule przedstawiono probe zastosowania sezonowych szeregéw czasowych
ARIMA do uzupetiania braku jednorocznych pomiarowych hydrochemicznych da-
nych, a w szczegdlnosci temperatury, ChZT-Cr oraz ogdlnych stezen fosforu i zelaza na
przyktadzie wod odplywajacych z jeziora Rusatka w Szczecinie (NW Polska).

Sowa kluczowe: wody naturalne, jako$¢ wody, wyniki badan, modele ARIMA, uzupet-
nianie brakujacych danych
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