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An important hydrological task for flood dangerous regions of any country is an
analysis of maximum flow trends of rivers because in these areas high floods of
different genesis with significant and long-term flooding of the territories, sometimes
with catastrophic consequences, have formed. In Ukraine the Carpathian Mountains
belong to such regions.

In the article, an analysis of long-term dynamics of maximum discharges of
mountain rivers in the Rika River basin (Ukrainian Carpathian Mountains) was
presented. Research of the maximum discharges of the flash floods that are 1.6 times
higher than the maximum discharges of snow-rain floods on average in the basin is
carried out. Complex use of hydrological genetic (total and difference integral curves,
compatible chronological graphs) and statistical methods (statistical significance
of linear trends, Fisher’s and Student’s statistical criteria) for the estimation of
homogeneity and stationarity of observation series for the achievement of more
reliable results was researched. The cyclical fluctuations of the maximum discharges
of flash floods are analyzed.

Key words: maximum discharge, small mountain catchments, stationarity,
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INTRODUCTION

flash floods are very often exceeding floods of snowmelt
water because the water yield during rainstorms is much

Flash floods in the Carpathian Rivers are the largest in
Ukraine in height and intensity, and they are observed
several times a year. Due to intense rains the floods are
dangerous, sometimes even catastrophic, and they cause
considerable damages not only to the economy (flooding
lands, granaries, destruction of roads, bridges and other
engineering communications) but also to human life.
Sometimes stormy rainfall floods can be observed not only
on large and medium rivers but also in small mountain
watercourses. The values of the maximum discharges of the

more intense than during snowmelt. Therefore, analysis
of trend changes of the maximum discharges of the flash
floods has scientific and practical importance.

The present researches of the maximum flow in the
rivers of the Ukrainian Carpathian are being carried out
by numerous authors. For example, an analysis of the
flood flow in the Tysa River basin has been carried out
by Gopchenko, Grebin, Susidko, et al. [1-5]. However, any
research of the maximum flow for small rivers has not been
carried out. Therefore, the goal of this paper is a complex
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analysis of the maximum flow of the flash floods in small

and medium rivers in the upper part of the Rika River

basin and calculation of their statistical characteristics. The
complex analysis includes the use of the hydrological gene-
tic and statistical methods of the research of the observed
data and the comparison of the results.

The main tasks of the research are as follows:

- estimation of the homogeneity of the flood discharges
by the total integral curve and Fisher and Student
statistical criteria;

- estimation of the stationarity of long-term fluctuations
of the maximum discharges of the flash floods by an
assessment of statistical significance of linear trends;

- analysis of the difference integral curves of the obser-
vation series to reveal the regularity of cyclical fluctua-
tions of the maximum flow;

- determination of statistical hydrologic characteristics of
the maximum discharges of rivers and streams;

- definition of the phases of cyclical fluctuations of the
water discharges in the Rika River basin.

DATA AND METHODOLOGY

The observation data from 16 water gauging stations were
used for the research: 4 small (F, , = 10-100 km?) and
2 medium (F, , = 100-1 000 km?) rivers (according to
the classification of the EU Water Framework Directive
2000/60/EC), and 5 streams within the Zacarpatska Water-
balance Station (ZWBS). The research object and water

gauging stations (WGS) are presented in Fig. 1. The period
of observation on these water bodies is from 47 to 50 years
(Table 1). The ZWBS is located in the upper part of the
Rika River basin (the right tributary of the Tysa River) with
the closing water gauging station in the Mizhgirya Village
(F,, = 550 km’) (the western part of Ukraine) and
occupies the south-west slopes of the East Carpathians
within the heights from 434 to 1 599 m above the sea level.
The river network is presented by ten rivers (Rika, Rypynka,
Lopushna, Golyatynka, Studenyy, Pylypets, etc.) with the
length from 7.1 to 31.3 km and more 500 streams by the
length from 2 to 3 km. The catchment areas have changed
in greater limits — from 10-15 to 550 km?2 More detailed
characteristics of the study area are described in the paper
[6].

Forming of the maximum flow of the flash floods
(May-October) in the upper part of the Rika River is due
to rainstorm or long-term steady rain. In the rivers and
streams the flash floods were observed annually, but in
particular years they were observed several times per year.
These floods are characterized by significant height and
intensity [5]. Sometimes the flash floods have catastrophic
consequences.

The maximum discharges of the flash floods were
obtained on the basis of complex graphs (discharge, air
temperature, precipitation) for the calendar period of
the year. In some years for some rivers and streams the
observations are missing. Thus, the omissions in the
observation data were restored by the method of pair

N /
4 ol
W E SiJ’d?ily,R. Verhniy Studenyy vig.
S Sluﬁé;n_s' aRZ- Nih’n Studenyy v 29
T "o

|/

L)

s 4 A
Pylypets R.=iPodobovets vig.

"~ Lopushna R

Poland

Slovakia

Ukraine

Zoomed
area

Hungary

{ 4

y S

Zopushne (nyzhn.) vig?

) ‘ B

e (verhn)wig.d Legend

/ ¥ Gauging station

E Watershed

River network

Elevation
o High: 1589

S Low: 419

R. - River
Str. — Stream
Vlg. — village

Fig. 1. The water gauging stations in the upper part of the Rika River basin
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Table 1. The autocorrelation coefficient of maximum discharges of the flash floods in the rivers and streams of the Rika River basin

No. | Name of the water gauging station | Period | n1)
1. Pylypets River — Podobovets Village 1957-2006 0.2
2. Pylypets River — Pylypets Village 1957-2006 0.1
3. Ploshanka Stream — Pylypets Village (nyzhn.) 1957-2006 0.1
4, Branysche Stream — Lopushne Village 1960-2006 0.1
5. Studenyy River — Verhniy Studenyy Village 1957-2006 0.0
6. Golyatynka River — Golyatyn Village 1957-2006 0.0
7. Golyatynka River — Maidan Village 1957-2006 0.0
8. Rika River — Mizhgirya Village 1957-2006 0.0
9. Rypynka River — Rypynne Village 1957-2006 0.0

10. Rika River — Verhniy Bystryy Village 1957-2006 0.0

11. Studenyy River — Nyzhniy Studenyy Village 1957-2006 0.0

12. Pylypetskyy Stream - Pylypets Village 1959-2006 0.0

13. Lopushna River — Lopushne Village (nyzhn.) 1960-2006 0.0

14. Lopushna River — Lopushne Village (verhn.) 1960-2006 0.0

15. Zyubrovets Stream — Lopushne Village 1960-2006 0.0

16. Seredniy Zvir Stream — Lopushne Village 1960-2006 0.0

regression by using the data of analogue streams and rivers
and the HydroStatCal program developed in the State
Hydrological Institute (Russia). This method consists of
the calculation of the regression equation using the
data of analogue rivers. The data were restored under
such conditions [8]:

R >0.7,n210,k/o, > 2, (1)

where R is the correlation coefficient between the values of
the maximal discharges in the research gauging station and
an analogue gauging station;  is the number of joint years
of the observations in the research gauging station and an
analogue gauging station; k is the regression coefficient; o,
is the standard deviation of the regression coefficient.

The estimation of the statistical hydrologic charac-
teristics is carried out by the homogeneous data to receive
accurate and reliable results [7]. The estimation of the
homogeneity and stationarity of the observation series of
the flood discharges was carried out by hydrological genetic
and statistical methods.

The hydrological genetic methods are the following:

1) total integral curves the forms of which (presence
or absence of any turning-point in the directions of the
curves) will allow to find the influence of anthropogenic
factors and the climate change on the formation of the
river runoff; 2) difference integral curves that will allow
to reveal the regularity in the cyclical fluctuations of the
runoff in the catchment; 3) compatible chronological
graphs.

The statistical methods are as follows:

1) statistical significance of the linear trends and
2) statistical criteria by the Fisher’s (for dispersions) and
Student’s (for averages) test methods.

Estimation of the stationary of long-term fluctuations
of the maximum flow is carried out by the assessment
of statistical significance of linear trends [7]. In turn,
statistical significance of the trends is defined by statistical
significance of the correlation coefficient (R). The
correlation coefficient of this dependence is estimated by
the relation to the standard deviation (o,) [7]:

Rlo, = p. )

For 5% of the significance level or for the 95%
confidential limit the value B = 2. If in the result of the
calculations R > 20,, it will indicate no stationarity of the
long-term fluctuations of the runoff, and, on the contrary, if
R <20, it is the homogeneity of the runoff in the course of
time. The standard deviation of the correlation coefficient
for n > 25 is defined by the formula [7]:

O Y et (3)

where # is the length of the data series.

A quantitative estimation of the homogeneity of the
observation data is carried out by Fisher’s and Student’s
generalization criteria which were developed in the State
Hydrological Institute (Russia) [8] for 5% significant level
with use of their autocorrelation. The autocorrelation
coefficient (r(1)) is defined as follows [8]:

r(l)zEZj - a) Q.- o_z)} /
Jz (e-a)2@-a),

i=1

(4)

where Q and 62 are defined as follows:
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where Q, is the value of the maximum discharge of the
flash flood in every year; Q is the average of the maximum
discharges of the flash flood in a long-term period; # is the
length of the data series.

According to the criteria, the time series are divided
into two equal parts. The averages (X and y) and dispersions
(07 and o?) are calculated for each part of series. These
calculations are later used for estimation of the Student
(t) and Fisher statistics (F). In a general form, they are as
follows [8]:

— the criterion of homogeneity of dispersions:

(5)

2
=2 (6)
o,

— the criterion of homogeneity of averages:

-

n, ~nz(nl +n, —2)
P | e 7

where 62 and o are the dispersions of the time series of the
maximum discharges; n_and n are the length of the first
and second half series; X and y are the average values of the
first and second parts of the series.

The calculated values of these criteria are compared
with the critical values for 5% of the significance level. If the
empirical value exceeds the critical value, it is considered
as the disturbance of the stationarity for these observation
series.

For comparison of the results, the graphs of the long-
term dynamics were created using modulus coefficients
(K,) according to the following equation [8]:

=

K,=A,/A, (8)

where A is the value of i — element of the series; A is the
average of the series.
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Fig. 2. Total integral curves of the maximum discharges of the
flash floods in the rivers and streams of the Rika River basin
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RESULTS

Total integral curves of the flash flood maximum discharges
were created for all rivers and streams of the ZWBS. They
do not have any turning-point in the directions, i. e. the
observation series from the start of observations till the end
of 2006 are homogeneous. The examples of such curves are
shown in Fig. 2.

An estimation of the homogeneity of the observation
series of the maximum flow was carried out by the
parametric ~ statistical ~generalized criteria  Fisher
and Student taking into account the autocorrelation
coefficient (Tables 1, 2). The analysis in Table 2 has

shown that the observation data in the water gauging
stations Ploshanka Stream - Pylypets Village
(nyzhn.), Pylypetskyy Stream - Pylypets Village,
Golyatynka River — Golyatyn Village and Zyubrovets
Stream — Lopushne Village are inhomogeneous for the
Fisher criterion.

At the same time, the estimation of the stationarity of
long-time fluctuations of the maximum discharges of flash
floods by the statistical value of the linear trend for 5%
significant level has shown that in all WGS the observation
data are stationary (Table 3).

The synchronous fluctuations of the maximum
discharges of flash floods are observed in all water gauging

Table 2. Results of the homogeneity of the maximum discharges of the flash floods in the Rika River basin by parametric statistical generalized criteria

Fisher (F) and Student ()
. . Checking results
Name of the water gauging station t t, F F, STUdENT | Fisher
Rika River - Mizhgirya Village 0.27 2.01 1.32 2.27 + +
Rika River - Verhniy Bystryy Village 0.24 2.01 1.40 2.27 + +
Rypynka River - Rypynne Village 0.05 2.01 1.39 2.27 + +
Pylypets River — Podobovets Village 0.05 242 1.55 2.34 + +
Pylypets River - Pylypets Village 0.53 2.20 1.21 2.29 + +
Studenyy River - N. Studenyy Village 0.92 2.01 2.14 2.27 + +
Studenyy River - V. Studenyy Village 0.43 2.01 1.16 2.27 + +
Lopushna River - Lopushne Village (v) 0.49 2.02 1.66 2.39 + +
Lopushna River — Lopushne Village (n) 0.28 2.02 1.04 2.39 + +
Golyatynka River — Maidan Village 1.14 2.01 2.00 2.27 + +
Branysche Stream - Lopushne Village 1.86 2.20 2.10 242 + +
Seredniy Zvir Stream - Lopushne Village 0.57 2.02 1.72 2.39 + +
Golyatynka River — Golyatyn Village 0.59 2.01 4.24 2.27 + -
Zyubrovets Stream — Lopushne Village 1.12 2.02 6.05 2.39 + B
Ploshanka Stream - Pylypets Village (n) 0.77 2.20 2.33 2.29 + B
Pylypetskyy Stream - Pylypets Village 1.18 2.02 4.05 2.39 + -
+ —the homogeneous series of observations; — — the inhomogeneous series of observations.
Table 3. Linear trends of the maximum discharges of the flash floods of the watercourses in the Rika River basin
Name of the water gauging station | Equations of the trends | R? | R | O 20;
Rika River — Mizhgirya Village Y =0.493x -766.9 0.00 0.06 0.14 0.29
Rika River - V. Bystryy Village Y=-0.001x +2.22 0.00 0.02 0.14 0.29
Rypynka River — Rypynne Village Y =0.002x - 3.20 0.00 0.05 0.14 0.29
Pylypets River — Pylypets Village Y=-0.001x + 3.58 0.00 0.03 0.14 0.29
Pylypets River — Podobovets Village Y =0.004x - 7.68 0.01 0.08 0.14 0.28
Studenyy River - V. Studenyy Village Y =0.006x-11.0 0.01 0.09 0.14 0.28
Studenyy River — N. Studenyy Village Y =-0.002x + 4.21 0.00 0.03 0.14 0.29
Golyatynka River — Golyatyn Village Y =-0.004x + 8.02 0.01 0.08 0.14 0.28
Golyatynka River — Maidan Village Y=-0.007x+ 14.9 0.02 0.15 0.14 0.28
Lopushna River — Lopushne Village (n) Y =-0.003x + 6.46 0.01 0.09 0.15 0.29
Lopushna River - Lopushne Village (v) Y =0.004x-7.17 0.01 0.09 0.15 0.29
Zyubrovets Stream — Lopushne Village Y =0.006x - 10.8 0.01 0.11 0.15 0.29
Seredniy Zvir Stream - Lopushne Village Y =0.007x-13.0 0.01 0.10 0.15 0.29
Ploshanka Stream — Pylypets Village (n) Y =0.006x - 10.4 0.02 0.14 0.14 0.28
Branysche Stream — Lopushne Village Y =0.009x-17.2 0.04 0.21 0.14 0.28
Pylypetskyy Stream - Pylypets Village Y=0.010x-18.1 0.04 0.19 0.14 0.28
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Fig. 3. Long-term dynamics of the maximum discharges of the flash floods in the Rika River basin
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Fig. 4. Difference integral curves of the maximum discharges of
the flash floods of the rivers and streams in the Rika River basin

stations. Therefore, the observation data are homogeneous
because they have equal directions. The examples of such
fluctuations for some rivers and streams are shown in
Figs. 3 and 4.

Therefore, as a result of the above-indicated, the series
of observations of the maximum discharges of the flash
floods in the rivers and streams of the Rika River basin are
homogeneous and stationary. The same results are received
in the paper [9] but the analysis of the trends was conducted
by one statistical method (non-parametric Mann-
Kendall test). Down analysis allows using the apparatus
of mathematical statistics for further calculations. The
definition of the statistical parameters of the maximum
discharges was carried out by the three-parameter gamma

distribution and binomial distribution using the method of
the most probability or the method of moments with the
HydroStatCal program.

The statistical parameters of the flash flood maximum
discharges have changed in such range: the coefficients of
variation (C) - from 0.44 (Lopushna River — Lopushne
Village (nyzhn.)) to 1.01 (Studenyy River - Verhniy
Studenyy Village) and the coefficients of asymmetry
(C) - from 0.99 (Lopushna River - Lopushne Village
(nyzhn.)) to 5.06 (Zyubrovets Stream — Lopushne Village)
(Table 4).

The calculated probability characteristics of the
maximum discharges of the flash floods will be corrected
with prolongation of the observation series because the
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Table 4. Statistical parameters of the maximum discharges of the flash floods of the rivers and streams in the Rika River basin

No. | Name of the water gauging station | e | G | C/C | P, 1%
1. Golyatynka River — Golyatyn Village 37.2 0.68 6.52 150
2. Golyatynka River — Maidan Village 43.7 0.70 4.56 158
3. Studenyy River — N. Studenyy Village 14.9 0.86 4.60 70.5
4. Rypynka River — Rypynne Village 84.5 0.62 3.17 274
5. Rika River — Mizhgirya Village 210 0.59 3.35 644
6. Rika River - V. Bystryy Village 47.2 0.49 4.58 128
7. Pylypets River — Pylypets Village 30.0 0.69 3.94 106
8. Studenyy River - V. Studenyy Village 6.61 1.01 4.25 36.1
9. Ploshanka Stream — Pylypets Village (n) 12.8 0.59 3.88 40.3
10. Pylypetskyy Stream — Pylypets Village 3.56 0.74 3.91 13.5
11. Pylypets River — Podobovets Village 103 0.78 3.03 39.8
12. Branysche Stream - Lopushne Village 5.09 0.60 2.34 15.2
13. S. Zvir Stream - Lopushne Village 0.73 0.95 2.71 2.83
14. Lopushna River - Lopushne Village (v) 6.00 0.60 2.96 18.7
15. Zyubrovets Stream — Lopushne Village 1.50 0.83 6.09 7.18
16. Lopushna River — Lopushne Village (n) 12.9 0.44 2.25 30.0

researched data are not representative for definition of the
average value (the absence of full cycle fluctuations) (Fig. 3).

The maximum flow of the flash floods of the rivers and
streams in the studied region is characterized by three
periods: 1) the phase of decrease of maximum discharges
was from the start of observations till 1967; 2) the phases
of increase of flood discharges were from 1967 till 1998 and
from 1967 till 1998; 3) the phase of flood decrease has been
from 1998 to the present time (Fig. 3).

CONCLUSIONS

The observation data of the maximum discharges of the
flash floods in the Rika River basin are homogeneous
because the analysis of total integral curves does not
have any significant turning-point in the directions. The
absence of statistical significant trends is indicated on the
stationarity of such observation data.

Estimation of homogeneity and stationarity of hydro-
logical observation data by statistical methods does not
always allow getting reliable results. This can be explained by
the particularity of hydrological data (asymmetry, cyclicity,
presence of distribution laws which differ from normal ones),
which do nottakeintoaccount such methods as generalization
criteria Fisher’s and Student’s and the estimation of statistical
significance of linear trends. Therefore, when estimating
homogeneity and stationarity of flow, preference should be
given to hydrological genetic methods (total and difference
integral curves, compatible chronological graphs) because
they, unlike statistical methods, take into account conditions
of formation of the hydrological characteristics of the flow.

Since 1998, the decreasing phase of cyclical fluctuations
of the maximum flow of flash floods has been present in the
Rika River basin.

The calculated statistical parameters of time series of
the maximum discharges of flash floods will become more
reliable in the presence of full hydrological cycle (phases
of increase and decrease of water flow) in consequence of
prolongation of the length data by observation in the water
gauging stations.
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LIETAUS POTVYNIU MAKSIMALIU DEBITU
STACIONARUMO IR HOMOGENISKUMO
KOMPLEKSINE ANALIZE RIKA UPES BASEINE

Santrauka

Bet kurios $alies regionams, kuriems gresia pavojingi potvyniai,
svarbi hidrologiné uzduotis — analizuoti upiy maksimalius debitus.
Pavojingy potvyniy regionams yra badingi auksti potvyniai su
reik§mingais ir ilgalaikiais teritorijy uztvindymais, kartais turintys
net katastrofiskas pasekmes. Ukrainoje esantys Karpaty kalnai kaip
tik priklauso tokiam regionui.

Straipsnyje analizuojama daugiameté upiy lietaus potvyniy
maksimaliy debity dinamika Rika upés baseine, nes staigiy
lietaus potvyniy debitai yra 1,6 karto didesni nei sniego-lietaus
popliadziai. Lietaus potvyniy maksimaliy debity stacionarumo
ir homogeniskumo analizé buvo atlikta naudojant hidrologinius
(suminés ir diferencinés integralinés kreivés, chronologiniy
diagramy palyginimas) ir statistinius (tiesiniy trendy statistinis
reikmingumas, Fisher ir Stjudent statistiniai kriterijai) metodus.
Straipsnyje taip pat tiriami cikliniai potvyniy maksimaliy debity
svyravimai.

RaktazodZiai: maksimalus debitas, mazi kalny baseinai,

stacionarumas, homogeniSkumas

JIropmina Top6auéBa, Tatbsana bayska

KOMIUIEKCHBIN AHAJII3 CTAIIMOHAPHOCTHU U
OJTHOPOITHOCTY MAKCUMAJIBHBIX PACXO/IOB
BOJbI JOKIEBBIX ITABOIKOB B BACCEIHE
PEKM PUKA

Peswome
Jlns1 pajioHOB, KOTOpbIE AB/IAITCA ONACHBIMU B THAPONIOTITYECKOM
OTHOILICHUM, T. €. XapaKTePU3YITCA (OPMUPOBAHUEM IABOJKOB
Pa3HOro TreHe3Nca CO 3HAYMTETbHBIM ¥ IIPOJO/DKUTETbHBIM
3aTOIVICHMEM ~TEPPUTOPMIL, MHOTAA C KaTacTpO(UIecKINMU
HOCTIEAICTBIAMIY, BXKHBIM 3a/JaHVeM ABJIACTCA aHA/IN3 TeH/eHIVit
MaKCHMMaJbHOTO CTOKa peK. B Ykpamne K TakuM paitoHaMm
ortHocATcA KapmaTckue ropsr.

B sT001 cTaThe NpeCTaBlIeH aHAN3 MHOTOTIETHEll IMHAMMKI
MaKCHMMaJIbHBIX PAacXofioB BOXBI Ha TOPHBIX peKax B OacceliHe
p- Puxa (Ykpaunckue Kapmarsr). ViccnenoBaHue BBIIOTHEHO A
MAaKCHMaJIbHBIX PaCXOf{0B BOJbI JOXK/EBbIX ITABOJIKOB, IIOTOMY YTO
TaKMe PAcXOfibl B CpefiHeM 10 bacceltHy B 1,6 pasa IpeBbIIIAIOT
MaKCHMaJIbHble PacXOfibl

BOJIbI CHETO-JOXKJEBBIX IIaBOJKOB.

PaccmarpuBaloTca  aKkTyanbHble HaydHble M HPMK/IaJHbIE
3a/ja4i: KOMIUIEKCHOE JICIO/Ib30BaHVE TYUPONOrO-TeHeTHYeCKIX
(cymMMapHbIe U pa3HOCTHO-MHTETPATIbHbIE KPMBbIE, COBMEIEHHbIE
XPOHOTIOTMYECKYe TpaduKM) U CTATUCTUYECKUX (CTATUCTIYeCKas
3HAYMMOCTb  JIMHEMHBIX TpeHAoB, Kpurepun Oumepa nu
CTbIOfIeHTa) METOMIOB OLIEHKU OfHOPOJHOCTU U CTAIlMOHAPHOCTI
PANOB HAOMIONEHMIT C ILIeNbl0 NONy4YeHNs 0Oojee JOCTOBEPHBIX
pesynbratoB. I[IpoaHanmM3MpoBaHBI IMKINYECKNe KomeOaHms
MAaKCHMAJIbHOTO CTOKA BOJIbI TETIIOr0 TIep1ojia Tofa.
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