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Abstract:  The scope of this paper is to assess water quality at the location of “Pagoneri”, in the northern section of the flow of 

Nestos. Pagoneri Remote Station (R.S.) is settled upstream of Nestos confluence with River Dospat, which is Nestos 
tributary and downstream of the Greek-Bulgarian borders. The qualitative and quantitative parameters that are 
analyzed are the following: 1) Water level (Η – cm); 2) Electrical conductivity (ECw – µS/cm); 3) Active acidity 
(pH); 4) Water temperature (Tw – oC); 5) Air temperature (Ta – oC); and 6) dissolved oxygen (DO – mg/L). Records 
cover the years from 2004 to 2007, on a daily basis, and form time series, in which, linear and nonlinear dynamics are 
searched for. With regards to these time series, the following statistical processing takes place: 1) their key descriptive 
characteristics are estimated; 2) their goodness of fit to Normal and Lognormal distribution is tested through the 
Kolmogorov – Smirnoff test; 3) The existence of a trend is tested through: a) the line of best fit, after seasonality has 
been eliminated with time lag differences s; b) the application of the Augmented Dicky-Fuller (1979) test, where the 
existence of a linear of stochastic trend is essentially investigated.  
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1. INTRODUCTION 

The research area consists of River Nestos and specifically, the area of Pagoneri Village, where a 
Regional Telemetry Station (R.S.) has been settled for many years by PERSEAS Research Team of 
Aristotle University of Thessaloniki (A.U.TH.) in collaboration with PPC (Public Power 
Corporation, PPC). This R.S. is installed in the northern part of Nestos to measure, record and tele-
transmit specific water quality parameters (Psilovikos, 2004; Laopoulos, 2007). The qualitative and 
quantitative water parameters, for which there are measurements, and which are analyzed, are the 
following: a) water level (H – cm); b) electrical conductivity (ECw – µS/cm); c) active acidity (pH); 
d) water temperature (Tw – ºC); e) air temperature (Ta – ºC); and f) concentration of dissolved 
oxygen (DO – mg/L). The measurements of these parameters form time series, in which, linear and 
nonlinear dynamics are searched for, trend correlations and seasonalities are identified, and finally, 
are tested against their application to various distributions. The application of the above statistical 
methodology aims to interpret hydrologic phenomena, test water quality, highlight the need for a 
monitoring system, and ensure, in general, sustainable management of the river. 

The observations that have been analyzed are daily measurements that cover the time period 
from the 1st of January 2004 to the 31st of December 2007. From 2007 and beyond, the data were 
managed by PPC. The time series of the parameters have shown missing values, which are usually 
due to defective communication between the Regional Telemetry Station and the base station or 
human error during data recording. The most common methods to fill in the missing values in 
hydrologic observations, are their substitution with: a) the series mean; b) the mean or median of a 
segment of the time series values, before and after the gap (Mean or Median of nearby points); c) 
Linear Interpolation; and d) Linear trend at point. In this paper, the linear interpolation method has 
been used, since it was considered as satisfactory according to earlier papers on filling in missing 
values (Sentas and Psilovikos, 2010; 2012). According to the above method, the last and first 
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existing value of the time series, before and after the missing value(s), respectively, are used to 
draw the regression line, based on which, the missing values have been estimated. For the statistical 
processing of the data, the statistical packages SPSS 19.0 and MatLab 7.11.0584 have been used. 

2. AREA UNDER INVESTIGATION – METHODOLOGY  

The northern network – upper course is the section of the river flow from the Greek-Bulgarian 
borders to the confluence of Nestos with the Dospat tributary. This section of the river has not 
undergone human intervention, to the extent that this has taken place in the intramountainous valley 
of Thisavros and the area of the Delta (Estuary). The purpose of the operation of the R.S. (Figure 1) 
is to monitor the quantitative and certain qualitative parameters of the water of the river Nestos, at 
its point of entry in Greece from Bulgaria. 
 

  

Figure 1. View of Pagoneri R.S. 

Therefore, the statistical analysis of water parameters of this area has become important and 
necessary. In order to draw conclusions, the trend and variability of the parameters have been 
estimated, maxima and minima have been identified, and the distribution followed by the values of 
each parameter, as well as their seasonality, have been searched for. From the descriptive statistics 
data, the variance, the maxima and minima of each parameter, and their seasonal behavior, were of 
interest to us. The investigation of a trend within a time series belongs to the problems of testing the 
stationarity of the time series. This test becomes more difficult in the case of qualitative parameters 
of the water resources, since these parameters are characterized by asymmetric distributions, 
seasonality, missing values, and serial correlation – self-correlation (Hirsch et al., 1982; Hirsch et 
al., 1991). There are various parametric and nonparametric tests to identify the existence of a trend. 
Parametric tests include the regression line of best fit, while nonparametric include the Spearman’s 
rank correlation test, the Mann-Kendall test, and the Dickey-Fuller Augmented test. In this paper, 
the assessment of the trend has been performed, first through the application of a regression line, 
and second, through the application of the Dickey-Fuller Augmented test. In the first case, in n 
observations of ty , goodness of fit is applied to the linear model ty a tβ= + ⋅ , and the slope β  of 
the straight line is tested. The null hypothesis of the test is 

0 : 0βΗ =  (there is no slope), and the 
alternative 1 : 0βΗ ≠  (there is slope). 

H0 is accepted when 

β̂

sβ
< tn−2;a/2  (1) 
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the sample’s standard deviation of β , and 2;a/2nt −  the value of t-distribution for n-2 degrees of 
freedom and level of significance a. If, according to the test, H0 is rejected, then the time series 
shows a linear trend. 

According to the Augmented Dickey-Fuller test (ADF-test), the general form of the model is 
investigated 

0 1 2 1
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y t y y e
µ

δ δ δ β− −
=

= + + + Δ +∑  (4) 

and the significance is given, of each coefficient iδ and iβ , where 0δ  the fixed term, 1δ  the test 
coefficient of the slope of the straight line, 2δ  the test coefficient of the stochastic trend or the unit 
root, t iy −Δ  the first differences in observations, with a i time lag, ιβ  the coefficients of the first 
differences of the i  time lag, and te  the errors. 

The null hypothesis of the ADF test is: 
§ 0 2: 0H δ =  (i.e., there is unit root, the series is not stationary, the data to be differenced to 

make it stationary) versus the alternative hypothesis of 
§ 1 2: 0H δ <  (i.e., the series is stationary and there is no trend) 
The elimination of seasonality is performed through various methods, such as the use of a 

moving average filter of the same degree with seasonality s, or by taking differences of a time lag 
equal to seasonality. In the first case, if 2 1s k= +  is the seasonality of the parameter, the new times 

series without seasonality is ˆt t ty y m= −  where 1
2 1

k

t t j
j k

m y
k +

=−

=
+ ∑ . In the second case, the new 

time series, which is free of seasonality, is ˆt t t sy y y −= − . 
The data goodness of fit test to Normal and Lognormal distribution has been performed through 

the application of the Kolmogorov-Smirnov test. 
In order to test the correlation between two parameters, the prewhitening method has been used. 

According to this method, the ARIMA model is applied to each time series, and the errors 
ˆ ˆt t te y y= − are calculated, which result from the application of goodness of fit to the model, and 

which should follow a normal distribution. Between the errors t̂e και t̂eʹ , the Cross Correlation 
Function (CCF) is calculated, which estimates, on one hand the direction of the correlation, and on 
the other hand the time lag of this correlation. 

For all the statistical tests, a significance level of a = 0.05 has been used. 
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3. RESULTS 

3.1 Evaluation of parameters 

For water level (H), we observe that, 2005 was the year with the highest values for H, with the 
maximum level (27/12/2005) being equal to 442 cm, while the mean value for the three-year period 
of 2004-2007 has been 71 cm and the standard deviation 56.94 cm (Figure 2). Low values of H 
have been recorded during the irrigation season, and during some other short periods, which are 
interpreted as drought seasons (Table 1). The Electrical Conductivity (ECw) shows a mean value 
equal to 257.88 µS/cm, and standard deviation equal to 57.83 µS/cm. In general, the increased 
values of water level are accompanied by reduced ECw values, and vice versa (Figure 2 and 3). This 
opposite direction is also confirmed next through the assistance of the trend models, and has been 
confirmed by earlier papers as well (Psilovikos et al., 2006). The concentrations of Dissolved 
Oxygen (DO) (Figure 4) range at a satisfactory level almost throughout the period of research, with 
the mean value and standard deviation being equal to 10.13 mg/L and 2.08 mg/L, respectively 
(Table 1). pH values (Figure 5), with a mean value of 7.9 and standard deviation of 0.93, are 
characterized as satisfactory, and close to the pH values of other Greek rivers, which are about 8. 
 

 
Figure 2. Time series of the H parameter. 

 
Figure 3. Time series of the ECw Parameter.  

 

 
Figure 4. Time series of the DO parameter. 

 
Figure 5. Time series of the Ph parameter. 

 
Figure 6. Time series of the Tw parameter. 

 
Figure 7. Time series of the Ta parameter. 
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The values of both Water temperature (Tw – οC) (Figure 6), and Air temperature (Ta – οC) 
(Figure 7), follow normal seasonal fluctuations (Table 1). For the estimation of the time lag of Tw 
compared to Ta, ARIMA models were applied to the two time series, and the values of Cross 
Correlation Function between the errors that resulted after the application of goodness of fit to the 
models were calculated (Figure 8b). It is obvious that there is a significant time lag of one day, and 
marginally of two days. This means that, each change in air temperature results in a corresponding 
change in water temperature, which occurs at least in the following day. 

The real monitored data of the D.O. parameter and its daily fluctuation in the four-year 
monitoring period is of great interest and not the D.O.sat data, which are obtained from a 
polynomial as a dependent value of the independent water temperature (Tw). For this reason, we are 
taking into account only the D.O. parameter.  

 

  
(a) (b) 

Figure 8. (a) Time series of the Tw and Ta parameters; (b) The Cross Correlation Function, and the errors of the Tw 
and Ta parameters. 

Table 1. Descriptive statistical data of the parameters of Pagoneri R.S. 

Pagoneri R.S. Η (cm) ECw (µS/cm) DO (mg/L) pH (Tw – ºC) (Ta – ºC) 
Maximum value 442.00 444.22 15.62 9.90 27.81 41.20 
Minimum value 5.80 134.00 1.40 4.90 0.23 -6.60 
Mean value 71.34 257.88 10.13 7.90 12.12 15.54 
Variance  3242.37 3344.72 4.36 0.86 43.01 90.38 
St. deviation 56.94 57.83 2.08 0.93 6.55 9.50 
Median  57.09 247.36 10.05 8.20 11.49 14.61 

3.2 Goodness of fit test to distribution 

The goodness of fit test for the data of a parameter, in the distribution followed by the 
population, comprises the selection criterion for the statistical processes that will be used for further 
analysis (correlation analysis, trend analysis, etc.) during testing the hypotheses and applying 
possible transformations to the parameters (Mitsiou et al. 1999). A picture of the empirical 
distribution of data, which prefigures the application of goodness of fit to a specific distribution, can 
be obtained by drawing box plots. Figure 9 presents box plots of the parameters investigated at 
Pagoneri R.S. The goodness of fit test for the data in the Normal and Lognormal distribution has 
been performed through the nonparametrical statistical Kolmogorov-Smirnov test. In Table 2, the 
significance (sig.) of all tests is listed, as well as the acceptance or rejection of goodness of fit in the 
two tested distributions. 

In the case of the DO parameter (Figure 10), the physical interpretation of the goodness of fit to 
normal distribution is that its values are distributed symmetrically around the mean value (10.13 
mg/L). Specifically, the interval [8.05, 12.21] includes about 67% of the observations, while the 
probability for a value to be outside the interval [3.89, 16.37] is very low (Psilovikos and Sentas, 
2009). 
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Figure 9. Box plots of parameters: (a) H, (b) ECw, (c) pH, (d) DO, (e) Tw, and (f) Ta 

Table 2. Goodness of fit test to distribution for the parameters of the Pagoneri R.S. 

Pagoneri R.S. - Distribution Test H (cm)  ECw (µS/cm)  DO (mg/L) pH Tw (οC) Ta (οC) 
Normal 
distribution 

Goodness of fit no no Marginally yes no no no 
Sig. 0.000 0.000 0.011 0.000 0.001 0.005 

Lognormal 
distribution 

Goodness of fit no no no no no no 
Sig. 0.000 0.000 0.000 0.000 0.000 0.005 

 

Figure 10. Frequency histogram and the goodness of fit of DO normal distribution 

3.3 Trend test of the parameters  

3.3.1 Results of the trend test by applying the line of best fit 

At the Pagoneri station, all the parameters have been tested against the existence of a trend. The 
Tw and Ta parameters are of particular interest, since they are expected to show seasonality. Given 
that, the observations that are analyzed are daily, and the expected seasonality for both parameters 
is per 365 days. This fact is confirmed by their periodograms (Figures 11a,b), where the biggest 
component corresponds to a frequency of 1/ 365 0≈ . According to the time series theory, at first 
seasonality should be eliminated, and then a trend test should be performed. 
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Figure 11. Periodograms of the water temperature (a) and air temperature (b) parameters. 

The elimination of seasonality has been performed by taking into account time lag differences 
equal to the seasonality s, that is: yt΄ = yt – yt-365 (Kougioumtzis, 2012; Sentas, 2013). In this way, 
seasonality is eliminated, i.e., the s degree periodic element is virtually eliminated. Trend tests for 
both parameters have applied to the new time series (Figures 12a, b). 
 

  

Figure 12. Observed and normalized time series of the (a) water temperature and (b) air temperature parameters of 
Pagoneri R.S. 

The results of the trend test, through the application of regression analysis, are given in Table 3, 
in which, the values of the fixed term and the slope of the straight line, their standard deviation, 
Student’s t-distribution, and test significance are listed. 
 

Table 3. Results of the trend test by applying straight line of best fit, for the Pagoneri R.S. 

Pagoneri R.S., Trend Analysis-Regression Line Estimation of constant Standard deviation t Test significance 
Water level a (fixed term) 97.996 2.960 33.103 0.000 

b (slope) -0.039 0.004 -10.540 0.000 
Electrical 

conductivity 
a (fixed term) 227.964 3.478 65.536 0.000 
b (slope) 0.042 0.004 9.870 0.000 

Dissolved 
oxygen 

a (fixed term) 11.422 0.105 108.818 0.000 
b (slope) -0.002 0.032 -14.225 0.000 

pH a (fixed term) 8.113 0.050 163.230 0.000 
b (slope) 0.000 0.016 -3.499 0.000 

Water 
Temperature 

a (fixed term) 0.770 0.239 3.226 0.001 
b (slope) 0.000 0.000 -0.644 0.519 

Air 
Temperature 

a (fixed term) 2.074 0.649 3.193 0.001 
b (slope) -0.001 0.001 -1.342 0.180 

3.3.2 Trend test results with the ADF test 

The trend test results through the implementation of the Augmented Dickey–Fuller Test (1979) 
are given in Table 4; the table presents the existence, or not, of a linear or stochastic trend, the value 
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of the estimated δ1 and its sign combined with its significance and whether the linear trend is 
positive or negative, and finally, the significance of each test.  
 

Table 4. ADF test result for Pagoneri R.S. 

Pagoneri R.S., Trend Analysis-ADF Test Existence of a trend 
1̂δ  Test significance 

Water level Linear trend marginally yes -0.0034 0.0479 
Stochastic trend no - < 0.001 

Electrical conductivity Linear trend yes 0.00141 0.0183 
Stochastic trend no - 0.01421 

Dissolved oxygen Linear trend yes -0.00011 0.0247 
Stochastic trend no - < 0.001 

pH Linear trend no 0.00002 0.4672 
Stochastic trend no - < 0.001 

Water Temperature Linear trend no -0.00005 0.6781 
Stochastic trend marginally yes - 0.0553 

Air Temperature Linear trend no -0.00022 0.5281 
Stochastic trend yes - 0.18776 

 
According to Table 4, the existence of a linear trend for the H, ECw, and DO parameters is 

confirmed. The pH parameter does not show any stochastic trend, and due to the ambiguity of the 
first test, not a linear trend either. The ADF test is considered to be the most comprehensive, and the 
conclusion is based on it. A stochastic trend is only demonstrated by the Tw and Ta parameters. In 
Figure 13, the graphs of the time series and the straight line of best fit to to them are illustrated, for 
parameters: a) H, b) ECw, and c) DO. 

 

  

 
 

Figure 13. The measurements and regression line of best fit for the (a) H, (b) ECw and (c) DO parameters. 

4. CONCLUSIONS 

The number of data used were considered as sufficient, as they included daily observations of 
four years, i.e., a total of 1456 observations, which is satisfactory for statistical conclusions (Helsel 
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and Hirsch, 2002). From the evaluation of the H parameter, it becomes clear that, there is a constant 
flow throughout the year, with a great fluctuation between the maximum and minimum values. 
Furthermore, the maximum values recorded during the months of June and December are due to the 
melting of the snow on the Bulgarian mountains during the summer months, and incidents of floods 
over the winter months, while, the periods of high water level are rather short (pointed peaks). 
Monitoring and statistical analysis of the monitored data, is the basis of: a) the assessment of the 
environmental status of the water bodies; b) successful management strategies in water resources; 
and c) setting minimum and maximum values of quantitative and qualitative parameters in 
supporting water legislation. In that way, monitoring can support issues of water management and 
ecological preservation of aquatic resources. We wished to have more recent daily data from the 
same telemetric stations, however, this was not impossible. The WFD 2000/60 has the obligation 
for 3-4 times per year monitoring of specific parameters, so there are not “old” data and even if we 
could assume that they are “old”, at least they are better compared to no data. 

The ECw values indicate the water’s suitability for irrigation, and its good quality in terms of the 
dissolved salts, which affects positively the supply of the underground layers of the area 
(Psilovikos, 2004). The evaluation of the DO parameter indicates that, the condition of waters in the 
Pagoneri area is very good, with values that reach saturation levels in some cases, while they exceed 
them in some others, due to photosynthesis and oxygen generation by the phytoplanktonic 
organisms. In terms of the pH and water and air temperature, the water of river Nestos in the 
specific area is within the desired limits. 

After the statistical analysis of the parameters, with regard to the goodness of fit test to the 
normal and lognormal distribution, it becomes evident (Figure 9) that, the times series of parameters 
water level H, electrical conductivity ECw and pH show extremely high and low values, 
asymmetry, and low probability of goodness of fit to normal distribution. Dissolved oxygen 
demonstrates extreme values; however, the others seem to be distributed symmetrically over and 
under the median, contrary to water and air temperature, which do not demonstrate any extreme 
values, and whose distributions do not seem to be symmetrical. The conclusion drawn (test K-S) is 
that none of the parameters follows a normal or lognormal distribution, with the exception of the 
DO parameter, which, for a significance level of 5% (a = 0.05) does not follow the normal 
distribution, while for a significance level of 1% (a = 0.01) it follows it. 

The application of the trend test with a best-fit straight line has led to the following conclusions. 
The water level, electrical conductivity and pH parameters show a trend, since the slope test 
significance of the straight line is less than 0.05. Specifically, the water level shows a negative slope 
(β = -0.039), while the best-fit regression line is 97,996 0,039y t= − ⋅ . The negative trend sign 
means that a reduction in the water level is observed over time. The ECw parameter shows a rising 
trend, with a slope of the line estimated at 0.042, while the best-fit regression line to the time series 
is y = 227,964+0,042 ⋅ t . For the DO parameter, the estimated trend is negative, with a slope value 
of -0,002 and 11,422 0,002y t= − ⋅  being the equation of the line of best fit. In the case of the pH, the 
significance test value is less than 0.05, which means that there is a trend; however, the slope value 
is zero, which means that 0,0005β < , which results in drawing conflicting conclusions. In order for 
more accurate conclusions to be drawn, the application of the ADF test is regarded as necessary. 
For the water and air temperature, the linear trend is estimated to be negligible. That is, from the 
specific set of measurements that have been analyzed the conclusion is drawn that temperatures do 
not show any increase or decrease in their values over time. 

The implementation of the trend test through the use of the ADF test has led to the following 
conclusions: The existence of a stochastic trend in water and air temperature is due to trend 
fluctuations, which are recorded over short daily intervals. The physical interpretation of this fact is 
the presence of sudden changes in temperature values, which is reflected more strongly in Ta and 
more moderately in Tw. 

The statistical analysis and evaluation of water quality in aquatic ecosystems, may become a 
helpful tool. Various scenarios of qualitative and quantitative water management could be based on 
this powerful tool, so that we can proceed to further sustainable management. 
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