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Introduction. Analysis of long-term variability of annual river runoff is important in substantiating the strategy of water
resources management in order to ensure sustainable economic development, economic planning for the future and
environmental safety of territories and water bodies with possible climate change and significant anthropogenic load. The object
of study is the Desna River, the subject - the average annual water discharges according to observations of Chernihiv stage
gauge. The presented study of long-term variability of annual runoff of the Desna River includes not only determination of its
statistical distribution parameters for evaluation in practical use of calculated analytical runoff characteristics of a certain
probability of exceeding, but also description of long-term fluctuations of river runoff based on identified stochastic patterns.
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Method and Theory. The main features of long-term changes in most hydrological indicators of rivers are largely, and
sometimes decisively, determined by the probabilistic nature of water runoff variability. This is due to the multifactorial process
of river runoff formation due to the continuous influence of meteorological processes and various states of the underlying
surface, the combination of which is random. Therefore, the change of any hydrological quantity in a certain section of the river
within the framework of the probabilistic concept is a random process that is constantly changing over time. This determines the
possibility and effectiveness of the application of mathematical statistics, probability theory, the theory of random variables and
functions for the analysis of long-term variability of river runoff. It should be noted that the greatest success in studying the
temporal variability of runoff can be achieved if we consider long time series of hydrological characteristics and water runoff
from large basins, which are not significantly affected by random factors and local conditions. The studied hydrological gauge
(Desna — Chernihiv) has one of the longest series of observations in Ukraine and its catchment area is 81400 km?.
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The first stage of the analysis is

Figure 3 Difference integral curve of average annual water
discharges (Desna — Chernihiv)

» The range of offset values, taking into account the
length of realization of the average annual water
discharges of the Desna River is accepted from 2 to 40
years. Analyzing the autocorrelogram, it is possible to
note features in its structure. Positive ordinates of the
autocorrelation function, which exceed the confidence
limits, determine the duration of the predominant river
water cycle with a 95% probability. As can be seen from
Figure 4, multiple recurrences are observed in the form
of 25-year and 36-year cycles.
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» The method of spectral analysis allows to decompose the
variance of the studied function into its components at
Results. The study used observations of the average annual ijﬁ " different circular frequencies o = 2n/T. The value of the
water runoff for the period 1895-2020. Thus, the long-term 1,00 : spectrogram calculated at one or another frequency is
sequence of annual runoff of the Desna River near o > considered reliable if it exceeds the accepted Clg,), which
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0.26-0.34 predominate. So, this corresponds to cyclicity of
11-14 and 19-24 years (Figure 5).
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according to parametric criteria (Student’s t-test and F-
test) at a significance level of 2a = 5%. As a result, the
hypothesis of homogeneity of the sequence of annual
water discharges of the Desna River near Chernihiv

Figure 2 Long-term change of the main statistical parameters of
the distribution of the average annual water runoff - norms,
coefficients of variation and skewnesses, over 30-year periods
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of 0.3—-11%, which indicates that a series of average
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variability. Based on the calculations, the skewness
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year periods and for 30-year periods with 15 years
overlap are presented in Table 1. To estimate long-term
variability of basic parameters of average annual runoff
used the average absolute deviation of a random
variable, which is the arithmetic mean of the deviations

coefficient has the highest variability. The deviation
over 30-year periods relative to its average value for
the entire observation period is 26—95%.
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Figure 5 Spectral density function (with frequency w = 0.04) of
the average annual water runoff (Desna — Chernihiv)
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Table 1 Statistical parameters of the distribution of the average annual runoff for 30-year periods and their average absolute
deviation from the values for the long-term period (Desna — Chernihiv)
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joint analysis of the autocorrelogram and the spectrogrami
allowed to allocate the mutually confirmed cycle of 24-25i
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