
Introduction

The last thorough study of the freeze-up in the Prypiat River basin was carried out more than 10 years ago (Strutynska and Grebin, 2010). It is clear that with an increase in the duration of the observation series,

there is a need to analyze their homogeneity and stationarity. Such an analysis is also relevant from the viewpoint of climate changes that have been observed in recent decades, including in Polisia. So,

Balabukh V. and Malytska L. (2017) reported an increase in the mean annual air temperature in Polisia about 1.0℃ in recent decades. It is clear that an increase in air temperature causes an increase in water

temperature. Thus, Strutynska V. and Grebin V. (2010), reported about an increase in the mean annual temperature of river water from 0.1 to 0.6℃. In turn, such tendencies of air temperature and river water

temperature directly affects on the formation and duration periods with the freeze-up on rivers (Gorbachova and Afteniuk, 2020).

Estimation of the homogeneity and stationarity of observation series is an extremely important stage of research, because both ideas about the formation processes of the studied phenomena and further methods

of their research depend on the obtained results (WMO-No. 168, 2009; Gorbachova et al., 2018). Modern approaches recommend to use an integrated approach based on the application of different methods

(Kundzewicz and Robson, 2004; WMO-No. 168, 2009; Gorbachova and Bauzha T., 2013; Hussain, 2019). The simultaneous application of statistical tests and graphical methods of estimation the homogeneity

and stationarity of observation series allows obtaining more reliable results. Methodological approaches for the application of graphic methods were developed by Gorbachova L. (2016), including for ice

phenomena (Gorbachova and Khrystyuk, 2012; Gorbachova, 2013).

This study examines the analysis of homogeneity and stationarity of freeze-up observation series in the Prypiat River basin within Ukraine based on a complex approach using statistical and graphical methods.

Note: ADF – appearance date of freeze-up, BDF – break-up date of freeze-up, DF – duration of freeze-up;

τ – statistic value on which the was estimated of trend significance

Method and Theory

The Mann-Kendall non-parametric test, mass curve, residual mass curve and combined graphs were

used to assess homogeneity and stationarity of the freeze-up observation series in the Prypiat River

basin. The Mann-Kendall statistical criterion is widely used for research for estimation of trend

statistical significance in the time series (Kundzewicz and Robson, 2004; WMO-No. 168, 2009).

Wherein, the Pearson method is used for identifying the trend equation in the time series and the

correlation coefficient between variables. The calculations were carried out in the software R language

in the RStudio (version 1.4.1717) and following functions are used: MannKendall, gml, cor.test (R Core

Team, 2017).

However, according to statistical criteria, it is not always possible to obtain an unambiguous result

(WMO-No. 168, 2009, Gorbachova and Bauzha T., 2013; Hussain, 2019). To confirm the results for

statistical tests, it is recommended to use graphical methods (WMO-No. 168, 2009). Graphic methods

unlike statistical criteria allow to analysis of observation series tendencies over time, their cyclical

fluctuations (phases of increase and decrease, their duration, synchronicity, in-phase) (Gorbachova,

2016; Gorbachova et al., 2018).

The mass curve analysis is used for detection of the influence or absence of anthropogenic factors,

changes in the conditions for the formation of the studied characteristic, including the influence of

climate change. If on the mass curve is not found "jumping", "emissions" or unidirectional deviation,

then the data series of studied characteristics is homogeneous, and vice versa. The analysis of the

residual mass curve allows the definition of the stationarity of data series, namely the sustainability of

the mean value of the studied characteristic over time. The mean value of the time series is stable in the

presence of at least one complete closed cycle (increase and decrease phases) of long-period

fluctuations. Combined graphs allow the definition of the synchrony/asynchrony of long-term

fluctuations in different of studied characteristics. In turn, the synchronous fluctuations are indicated in

the homogeneous conditions formation of characteristics. The more in detail about the graphic methods

and their using for estimation of the homogeneity and stationarity of observation series are described in

in the papers (Gorbachova et al., 2018).

Examples (Optional)

For the investigation of freeze-up were used the observation series of 29 gauges in the Prypiat River

basin. Wherein, the records were collected from the beginning of the observations to 2020 inclusive.

In the Prypiat River basin (within Ukraine) the majority freeze-up observation series have statistically

significant trends that are indicated about the non-stationarity of the observations data (Table 1). At the

same time, for the appearance dates of freeze-up, some results show different estimates for rivers that

have several gauges in their riverbed.

Table 1 The results of checking the of freeze-up observation series for stationarity according 

to the Mann-Kendell test in the Prypiat River basin (within Ukraine) 

The analysis of the mass curves and the residual mass curves showed that

observation data, which have the full cycles or full cycle with final and initial

phases of adjacent cycles of the long-term fluctuations are homogeneous and

stationary. Such observation series have the mass curve by sinuous type. For

example, at the Noryn River – Slovenshchyna village water gauge the

observation series of appearance dates of freeze-up has such a mass curve

(Figure 1). Such observation series are stationary by estimations of statistical

tests.

Some observation series have only one full cycle of the long-term fluctuations. It

is an increase and decrease phases. Such observation series have the mass curve

by convex type. For example, it is an observation series for the break-up dates of

freeze-up and duration of freeze-up on Figure 1. Such observation series are non-

stationary by estimations of statistical tests, because there is a comparison of the

characteristics (mean values, rank, etc.) of different phases (increase and

decrease). It is clear that these phases have different characteristics. Therefore,

the presence of statistically significant or insignificant trends in the observation

series have a periodic character, which depends not only on the duration of

observation series, but also on the duration of individual complete cycles and

their increase- and decrease phases. The specified fluctuations of statistically

significant or insignificant trends are quasi-static in nature. Such observation

series are quasi-homogeneous and quasi-stationary (Gorbachova and Khrystyuk,

2012; Gorbachova, 2013; Gorbachova et al., 2018).

The analysis of residual mass curves illustrates, since the 90th years of the past

century of appearance dates of freeze-up have the expressed increase phase in

cyclic fluctuations, i.e. the appearances of the freeze-up occurs at later dates. At

the same time, the break-up of freeze-up occurs at earlier dates (the decrease

phase of the cyclic fluctuations). This brings a decrease in the duration of the

freeze-up (the decrease phase of the cyclic fluctuations since the 90th years of the

past century) (Figure 1).

Figure 1 Some mass curves (upper row) and residual mass curves (bottom row) of appearance dates of freeze-up (the left

side), break-up dates of freeze-up (in the center) and duration of freeze-up (on right side) in the Prypiat River basin (within

Ukraine): 1 - Prypiat River – Liubiaz village, 2 - Horyn River – Ozhenyn village, 3 - Sluch River – Novohrad-Volynskyi city,

4 - Noryn River – Slovenshchyna village

№ Water gauge
Statistical significance of trend

ADF/ τ BDF / τ DF/ τ

1 Prypiat River - Richytsa village No / 0.144 Yes / -0.291 Yes / -0.352

2 Prypiat River - Liubiaz village Yes / 0.229 Yes / -0.259 Yes / -0.406

3 Vyzhivka River - Ruda village Yes / 0.156 Yes /-0.259 Yes / -0.414

4 Vyzhivka River - Stara Vyzhivka village Yes / 0.243 Yes / -0.257 Yes / -0.391

5 Turiia River - Yahidne village No / 0.053 Yes / -0.192 Yes / -0.267

6 Turiia River - Kovel city Yes / 0.309 Yes / -0.295 Yes / -0.409

7 Stokhid River - Malynivka village Yes / 0.295 Yes / -0.274 Yes / -0.369

8 Stokhid River - Liubeshiv village No / 0.042 Yes / -0.222 Yes / -0.268

9 Styr River - Shchurovychi village No / 0.125 Yes / -0.281 Yes / -0.369

10 Styr River - Lutsk city No / 0.142 Yes / -0.257 Yes / -0.281

11 Styr River - Kolky village No / 0.071 Yes / -0.298 Yes / -0.290

12 Styr River - Mlynok village No / 0.100 Yes / -0.262 Yes / -0.324

13 Radostavka River - Triitsia village Yes / 0.165 Yes / -0.280 Yes / -0.324

14 Horyn River - Yampil village No / 0.095 Yes / -0.247 Yes / -0.303

15 Horyn River - Ozhenyn village Yes / 0.194 Yes / -0.319 Yes / -0.385

16 Horyn River - Derazhne village No / 0.104 Yes / -0.335 Yes / -0.394

17 Horyn River - Dubrovytsia city No / -0.102 Yes / -0.227 Yes / 0.246

18 Ustia River - Kornyn village No / -0.011 No / 0.003 No / -0.047

19 Vyrka River - Svaryni village Yes / 0.159 Yes / -0.284 Yes / -0.370

20 Sluch River - Hromada village Yes / 0.210 Yes / -0.256 Yes / -0.387

21 Sluch River - Novohrad-Volynskyi city Yes / 0.223 Yes / -0.295 Yes / -0.358

22 Sluch River - Sarny city No / 0.124 Yes / -0.269 Yes / -0.284

23 Tnia River - Bronyky village No / 0.132 Yes / -0.261 Yes / -0.323

24 Smilka River - Susly village Yes / 0.175 Yes / -0.358 Yes / -0.411

25 Lva River - Osnytsk village Yes / 0.188 Yes / -0.350 Yes / -0.366

26 Ubort River - Rudnia-Ivanivska village No / 0.108 Yes / -0.285 Yes / -0.272

27 Ubort River - Perha village No / 0.069 No / -0.092 No / -0.148

28 Uzh River - Korosten city No / 0.063 Yes / -0.327 Yes / -0.332

29 Noryn River - Slovenshchyna village No / 0.134 Yes / -0.282 Yes / -0.330
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