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ODHAD KULMINACNYCH PRIETOKOV Z PRIEMERNYCH
DENNYCH PRIETOKOV

Hana Hlavacéikova, Michaela Birova, Eva Kopacikova

Kulminaéné prietoky nemusia byt vzdy k dispozicii, hoci tieto su potrebné pre rieSenie viacerych vodohospodarskych
uloh. Dostupnej$imi udajmi mozu byt priemerné denné prietoky. V tejto praci boli ziskané a analyzované vztahy medzi
kulmina¢nymi prietokmi a priemernymi dennymi prietokmi pre 26 slovenskych vodomernych stanic podl'a dvoch metod.
Prvou metddou bola metdda jednoduchej linedrnej regresie (LR), druhou metédou bola tzv. metdda sklonu (Chen) vycha-
dzajlica z analyzy troch za sebou iducich priemernych dennych prietokov a zohl'adfiujica tvar hydrogramu. Vysledky uka-
zali, ze metoda LR je porovnatel'nd s metddou Chena a poskytuje odhad kulmina¢ného prietoku s relativnou chybou v roz-
sahu 1,8 — 19,8 % (najmensia chyba pre velké povodia). Pre vodomerné stanice boli odvodené hodnoty konverzného fak-
tora LR (pomer kulmina¢ného a maximalneho denného prietoku). Tieto sa pohybovali v hodnotach 1 pre vel’ké povodia,
a v hodnotach 1,3 az 1,6 pre mensie povodia, pre ktoré je typicka vyssia variabilita prietokov.

KLUCOVE SLOVA: hydrogram, linearna regresia, vodomerné stanice, plocha povodia

ESTIMATION OF INSTANTANEOUS PEAK FLOWS FROM MEAN DAILY FLOWS. Instantaneous peak flows
are needed for several water management tasks. However, they are not always available. More disponible are often mean
daily flows. In this work, relationship between instantaneous peak flows and mean daily flows for 26 Slovak water gauging
stations was estimated according to two methods. The first method was the simple linear-regression method (LR method),
the second one was the so-called slope-based method (Chen method) which is based on an analysis of three consecutive
mean daily flows and takes into account the hydrograph shape. Results showed that the LR method is for given water
gauging stations comparable to the Chen method. The LR method provides an instantaneous peak flow estimation with
a mean relative error in the range of 1.8-19.8% (the smallest error is for large basins). Moreover, for all water gauging
stations, the LR conversion factors (instantaneous peak over maximum mean daily flow ratio) were derived. Resulting
values varied between 1 for large watersheds, up to 1.3 to 1.6 for smaller watersheds, for which higher flow variability is
typical.

KEY WORDS: hydrograph, linear-regression, water gauging stations, basin area

Uvod

Potreba odhadu kulminaénych prietokov (Qipr) z prie-
mernych dennych prietokov (Qumpr) mdze mat’ viacero
dévodov. Véacsinou je hlavnou pri¢inou nedostupnost’
kulminacnych prietokov, k dispozicii st len priemerné
denné prietoky. Napriek tomu kulminacné prietoky st
potrebné pre viaceré vodohospodarske tlohy, pre odvo-
denie navrhovych parametrov pre vodné stavby a frek-
venéné analyzy.

Podl'a Chena a kol., (2017) existuju tri zakladné metody
odhadu Qipr Z Qumor: i/ metdda konverzného faktora zis-

kaného na zaklade vztahu medzi maximalnym prie-
mernym dennym prietokom (Qwpr, max) @ kore$pon-
dujiacim kulminaénym prietokom Qipg (tzv. ,,peak ratio*
vyjadreny ako pomer Qipr / Qmor, max) pomocou linearnej
regresie, pripadne viacnasobnej linedrnej regresie, ak st
Vv analyze zahrnuté aj d’alSie charakteristiky povodia (ako
napr. plocha povodia, sklon toku, ro¢ny tthrn zrazok a po-
dobne) (Ellis a Gray, 1966; Taguas a kol., 2008), ii/ me-
tody vychadzajiuce zo sekvencie troch po sebe iducich
udajov Qwmpr, pricom stredna hodnota je Qwor, max (San-
gal, 1983; Fill a Steiner, 2003; Chen akol., 2017)
a iii/ metddy ziskané na zaklade hydrologického modelo-
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vania, disagregacie prietokov a ,,machine-learning* pris-
tupu (pouzitim black box modelov neurénovych sieti)
(Ding a kol., 2016; Jimeno-Saez a kol., 2017).

Posledna metodika je vel'mi sl'ubna a perspektivna metd-
da, ktora vyzaduje viac vstupnych udajov a potrebu mo-
delového prostredia. Metoda linearnej regresie je jedno-
ducha metdda, ktord vychadza len z jedného Qwmpr, ktory
koresponduje s Qpr, na rozdiel od metdd analyzy sekven-
cie Qmpr (Sangal, 1983; Fill a Steiner, 2003; Chen a kol.,
2017), ktoré uvazuja s tromi hodnotami Qmpr pre jednu
prietokovt udalost’. Jednoduché linearno-regresné vzt'a-
hy Qirr / QmbE max nemusia pre niektoré povodia vyhovo-
vat’ kvoli odliSnym pri¢indm spdsobujicim rozdielne
druhy povodni (konvektivne zrazky, topenie snehu, 'ado-
chod a pod.).

Metoda sklonu podla Chena akol. (2017) patri do
skupiny metdd analyzy sekvencie Qmpr & nadvizuje na
metddy Sangala (1983) a Filla a Steinera (2003). San-
galova (1983) metdda s konstantnymi koeficientami
a s predpokladom trojuholnikového tvaru hydrogramu
ma podl’a Chena a kol. (2017) tendenciu nadhodnocovat’
Qipr, preto Fill a Steiner (2003) zaviedli do vypoctu pre-
menné koeficienty (vahu jednotlivych Qmpr), a tym Spe-
cifikovali nelinearny vztah medzi Qipr @ Qmpr. Chen
akol., (2017) odvodili vztah tzv. ,metédy sklonu®,
pri¢om tiez uvazuji s dynamickym tvarom hydrogramu
bez pouzitia regresnych empirickych koeficientov. Ich
vzt'ah navrhli a otestovali na 144 povodiach v state Iowa
(USA) s vel'kost'ou od 7 az do 220 000 km?. Spolu to bolo
asi 3800 povodiovych (prietokovych) udalosti. Podla
autorov je sklonova metéda porovnatelnd s metddou
Filla a Steinera (2003) a dava lepsie vysledky pre
povodia s plochou vi&Sou ako 500 km? V porovnani
S mensimi povodiami.

Ciel'om tejto prace bolo ziskat’ a overit’ vztahy pre vypo-
Cet Qipr na zaklade Qmpr podla metodiky linearnej regre-
sie a podl'a metody sklonu (podl'a Chen a kol., 2017) pre
26 vybranych slovenskych vodomernych stanic.

Ciel'om bolo tiez porovnat’ obidve metodiky a odporucit’
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(resp. neodporucit) ich pouzitie pre vybrané vodomerné
stanice.

Material a metody

Odvodenie QIPF pouzitim obidvoch metodik bolo robe-
né z celych radov pozorovani historickych udajov. Tym-
to sa vyuzila dostupnost’ pomerne dlhych radov pozoro-
vani pre odvodenie vzdjomnych vztahov medzi Qmpr
a Qipr pre kazdu vodomernu stanicu zv1ast’.

K dispozicii boli merané kulmina¢né prietoky a prie-
merné denné prietoky, ktoré sa vyhodnotili pre jednotlivé
hydrologické roky pre 26 slovenskych vodomernych sta-
nic (obr. 1).

Obidve metodiky odvodenia kulminacnych prietokov na
zaklade priemernych dennych prietokov vychadzaji
z predpokladu, ze kulmina¢ny prietok sa vyskytol v ten
isty dei ako maximalny denny prietok, t.j. iSlo o tu ista
hydrologickt udalost’ s rovnakymi pri¢innymi vztahmi.
V préci sa uvazovalo s toleranciou jeden den z dovodu,
ze kulminacia sa mohla vyskytnut’ pred polnocou alebo
po polnoci dita s maximalnym dennym prietokom. Dal-
§im predpokladom bolo, Ze hodnoty maximalnych prie-
tokov su Statisticky nezavislé. Preto z procesu spraco-
vania tdajov boli vyli¢ené kulminacie, ktoré mohli byt
vzajomne ovplyvnené, napr. pri prechode hydrologic-
kych rokov.

Metdda linedrnej regresie
Kulmina¢né prietoky ziskané metdédou linearnej regresie

boli ziskané na zaklade odvodenia konverzného faktora a
podl'a vztahu:

QIPF =a* QMDF_ max (1)

kde Qipr je merany kulminaény prietok a Qmprmax j€
maximalny priemerny denny prietok v analyzovanom
hydrologickom roku.
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Obr. 1.  Lokalizacia vodomernych stanic v ramci uizemia Slovenska.
Fig. 1.  Water gauging locations in the Slovak territory.
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Metoda Chena
Metoda Chena zaloZena na sekvencii troch za sebou 1d(-

cich Qmpr, autormi nazvana ako ,,sklonova metoda“, vy-
chadza zo vzt'ahu, ktory odvodili Chen a kol. (2017):

+ (QMDF,max_QMDF,pre)*(QMDF,max_QMDF,suc) (2)

Qrpr = Quor
max 2*QMDF,max_QMDF,pre_QMDF,SuC

kde Qwmor, pre je priemerny denny prietok predchadzajtci
ditu s maximalnym dennym prietokom Qmpor,max, QMDF, suc
je priemerny denny prietok nasledujiceho dia po vysky-
te maximalneho denného prietoku.
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Obr. 2 llustracny obrazok sklonovej

metody (prevzaté z Chen a kol., 2017).
Fig. 2. Ilustrative example of the slope-
based method (from Chen a kol., 2017).

Podla obr. 2 je Qipr prieseénikom dvoch priamok:

Quprpre + k(1 +7) = Quprsuc + kf(l +1-7r) (3

kde k- a ki s sklony rasticej a klesajicej vetvy

trojuholnika:

k, = QMDFma;;—tQMDFpre (4)

ke = QMDFmax—9MDFsuc (5)
dt

Pri dt = 1 defi a substitaciou rovnic (4) a (5) do rovnice
(3) je mozné r vypocitat’ nasledovne:

_ QMDFmax—QMDFsuc (6)
2*QMDFmax—QMDFsuc—QMDFpre

Vypocéet chyby odhadu Qipt

Vypoéitané Qipr metodikou linearnej regresie a metodi-
kou podla Chena a kol. (2017) boli porovnané s mera-
nymi Qipr daného historického radu a boli vyjadrené chy-
by jednotlivych metdd ako priemerna relativna odchylka
(MRE, %) a stredna kvadraticka chyba (RMSE, m3s?)
podl'a nasledovnych vzt'ahov:

MRE = 100 *% n QIPF,Sbs_QIPF,est )
IPF,0bs
1 2
RMSE = \/;Z?ﬂ(QIPF,obs - QIPF,est) (8)

kde Qipr, obs @ Qipr, est SU kulminaéné prietoky merané
a odvodené a n je pocet merani.

Vysledky a diskusia

Odhad Qipr Z Qumor metddou jednoduchej linearnej regre-
sie prekvapivo ukazal porovnatelné vysledky s vysled-
kami metddy podl'a Chena a kol. (2017). Udaje o vodo-
mernych staniciach, ako aj priemerné relativne chyby od-
hadu MRE pre obidve metddy su uvedené v tab. 1, a tiez
na obr. 3. Na obr. 3 s zobrazené okrem MRE aj stredné
kvadratické chyby odhadu (RMSE). Vodomerné stanice
st v tabul’ke 1 zoradené podl'a vysledkov MRE lineérne;j
regresie vzostupne.

Na mensich povodiach je pomer Qipr 8 QmpFmax VACSI
(okolo 1,3 az 1,4) v porovnani s velkymi povodiami, kde
je tento pomer blizky jednej. Vyssi pomer Qipra Qmbpr,max
vyjadruje rychlej$i ndrast aj pokles prietokov pocas
prietokovej udalosti (tzv. flashiness), ¢o dokumentovali
aj Taguas a kol. (2008) a Chen a kol. (2017) pre mensie
povodia. Ukazka vztahov linearnej regresie pre niekol’ko
vodomernych stanic je na obr. 4. Na obr. 5 je zobrazeny
vztah medzi vel'kostou povodia a konverznym faktorom
linearnej regresie. S narastom plochy povodia klesa hod-
nota konverzného faktora a, ktory sa blizi k 1.

Podl'a Taguasa a kol. (2008) ak sa koeficient determina-
cie R?, ktory vyjadruje tesnost’ vztahu linedrnej regresie
(podla rov. 1), pohybuje v rozsahu 0,75 — 1, je mozné li-
nearnu regresiu povazovat’ za dobry linearny fit, v inter-
vale 0,55 — 0,75 ako akceptovatelny linearny fit, ak je
mensi ako 0,55 ide o neakceptovatel'ny linearny fit. Pre
vodomerné stanice Brezno a Stropkov bol identifikovany
0 nieco nizsi, ale stale akceptovatel'ny fit linearnej regre-
sie (R? je 0,728 a 0,626). Pre ostatné stanice zodpovedali
vysledky linearnej regresie dobrému fitu, ¢o predstavuje
92 % analyzovanych vodomernych stanic (z celkového
poctu 26 stanic). Najlepsi linearny fit bol najdeny podla
predpokladu pre stanice s najvdéSou plochou povodia:
Bratislava (Dunaj), Streda nad Bodrogom (Bodrog),
Vel'ké Kapusany (Latorica), Moravsky Sv. Jan (Morava)
a Zdana (Hornad) s plochou povodia 4230 km? a viac.
Ipel'sky Sokolec (Ipel’) s porovnatel'nou plochou povodia
ako Zdafia ma o nie¢o nizsi koeficient determinécie.
Hodnoty priemernej relativnej chyby MRE sa pohybovali
v rozsahu od 1,83 do 19,83 % pre LR aod 2,49 do
20,23 % pre metodu Chen. Metdda Chen davala porov-
natel'né alebo o nieco horsie vysledky v porovnani s me-
tddou LR. Pre osem stanic ddvala metdda Chen lepsi
vysledok ako metdéda LR (tab. 1). Na zaklade naSich
analyz ale nebol identifikovany vztah medzi velkostou
povodia a velkostou priemernej relativnej chyby MRE
metody Chen.
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Tabulka 1. Udaje o vodomernych staniciach, po&et spracovanych hydrologickych rokov pre odvo-
denie Qirr Z QMDF, max, ako aj vysledky linedrnej regresie (koeficient determinacie R?
a konverzny faktor a, ziskany zo vzt’ahu podl’a rov. (1)) pre 26 vodomernych stanic spo-
lus vysledkami priemernej relativnej chyby odhadu MRE pre linearnu regresiu (LR).
MRE je uvedena aj pre metédu podPa Chena a kol. (2017) (Chen). Sedou farbou sii vyz-

nacené MRE (Chen), ktoré su pre tu istii vodomerni stanicu lepSie ako MRE (LR)

Table 1. Information about water gauging stations, number of processed hydrological years for
derivation of Qipr from Qwmor, max, as Well as linear-regression results (R? coefficient of
determination and conversion factor a, obtained from equation (1)) for 26 water gauging
stations together with the mean relative error MRE for linear-regression (LR). MRE is
shown also for the method of Chen et al. (2017) (Chen). The MRE (Chen), which is better
than the MRE (LR) for the same water gauging station, is marked in gray

P Cisl Naz Plocha spl(’);g;- konverzny LR Chen
¢ starji(c)e stani(::‘t,e Tok Povodie | povodia | Qioo vgn ch R? ?alz[i)r ay MRE | MRE

' [kn?] | [mes?] | C [%] | [%]

rokov
1| 5140 Bratislava Dunaj Dunaj 131331 | 11000 101 0,987 1,0322 1,83 2,49
2| 9670 | Stredanad | po o0 | Bodrog | 11474 | 1400 | 66 | 0991 | 1,031 | 224 | 1,82
Bodrogom

3| 9410 Velké 1) atorica | Bodrog | 2915 736 67 | 0992 | 10481 | 2,85 | 364
KapuSany

4| soso | Moravsky | yioeva | Morava | 24129 | 1600 | 89 | 0974 | 10089 | 352 | 374
Svity Jan

5| 8930 Zdana Hornad Hornad 4232 1000 60 0,986 1,1181 5,14 6,09

6| 7290 Brehy Hron Hron 3821 1100 87 0,934 1,1407 6,74 | 7,64

7| 9650 | Horovce | Ondava | Bodrog | 2886 | 830 r“?é;’g) 0943 | 11376 | 9,02 | 995

8| 7820 | Lenartovce Slana Slana 1830 400 86 0,96 1,1202 9,77 | 10,34

9| 8690 Kysak Horndd | Hornad | 2346 730 76 |0,9332| 11,1593 9,80 | 9,62

10| 8560 | Jaklovce Hnilec | Hornad 606 220 67 0,947 1,169 10,06 | 10,53

11| 5030 Ssif:; Myjava | Morava | 645 145 49 0,91 1,2187 | 11,12 | 12,68

12| 5550 | LPIOVSKY |Gy Véh 1107 500 70 | 0778 | 12729 |1113| 9,86
Mikulas

13| 7640 | Ipelsky Ipel Ipel 4838 670 86 |09148 | 1174 |11,43| 7,76
Sokolec

14| 7900 Vikyiia Rimava Slan4 1377 190 45 0,915 1,2347 | 11,85 | 14,15

15| o500 | HanuSovee | o | Bodrog | 1050 500 87 | 0929 | 14137 |12,37 | 1599

nad Toplou

16| 9320 | Lekarovce Uh Bodrog 1989 1600 67 0,848 1,4012 12,69 | 15,08

17| 7440 Holisa Ipel Ipel 686 180 87 0,912 1,2538 | 13,00 | 14,45

18| 9020 | Turhanad |\ o4 | Bodva | 663 115 52 0,95 11251 | 1324 | 12,06
Bodvou

19| 6570 | Chalmova Nitra Nitra 601 175 72 0,843 1,3321 | 13,42 | 14,78

20| 8320 | Chmelnica | Poprad | Poprad | 1262 820 87 0,861 1,4386 | 13,72 | 14,00

21| 6200 Ky,f/‘llgé‘tz Nl kysuca | van | 955 | 900 | 87 | 079 | 14217 |1472| 1576

22| 7015 Brezno Hron Hron 582 230 87 0,728 1,3137 15,01 | 14,78

23| 7580 Plastovce | Krupinica Ipel 303 140 87 0,861 1,3885 15,21 | 15,00

7865+ | Rimavska . .

241 ooa Sobota Rimava Slan4 562 165 87 0,788 1,3543 | 17,52 | 20,44
Spisské . .

25| 8430 Viachy Hornad | Hornad 775 400 56 0,899 1,4256 17,66 | 11,91

26| 9600 Stropkov Ondava Bodrog 578 600 51 0,626 1,6887 19,83 | 20,23
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Obr. 3.  Priemernd relativna odchylka (MRE) a strednd kvadraticka chyba (RMSE) pre
kulminacné prietoky pozorované (Qipr, obs) @ odhadnuté (Qpr, est) metodou linedrnej regresie
(LR) a metédou podla Chena akol. (2017) (Chen). Spracované pre 26 vodomernych stanic.
Kruzky vyjadrujii hodnoty mimo rozsahu 10. az 90. percentilu.

Fig. 3.  The mean relative error (MRE) and the root-mean square error (RMSE) for observed
instantaneous peak flows (Qier, obs) and estimated ones (Qier, est) by the linear regression (LR)
method and by the method of Chen et al. (2017) (Chen). Processed for 26 water gauging stations.
The rings mark values outside the 10" to 90™ percentile range.
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Obr. 4.  Ukdzka linedrno-regresnych vztahov medzi maximalnym priemernym dennym prieto-

kom (Qmor, max) @ kulminacnym prietokom (Qipe) pre tri stanice s najnizsim konverznym fak-
torom a (~1,0) a najvyssim koeficientom determindcie R?, a pre tri stanice s vyssim konverznym
faktorom (~1,4).

Fig. 4.  An example of linear-regression relationships between maximum mean daily flows
(Qmbr, max) and instantaneous peak flows (Qieg) for three stations with the lowest conversion with
higher conversion factor (~1,4).
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Zavery

Analyzy a porovnania metéd odhadu kulmina¢nych prie-
tokov z priemernych dennych prietokov priniesli niekol’-
ko zaverov:

e Odhad Qipr metodou linearnej regresie (LR) a meto-
dou sekvencie troch za sebou iducich Qmpe (Chen
akol.,, 2017) (Chen) je porovnatelny: priemerna
relativna odchylka je 10,96% (LR) a 11,34% (Chen),
priemerna stredna kvadraticka chyba je 33,48 m®.s?
(LR) a 40,65 m3.s™ (Chen).

e Pre 26 slovenskych vodomernych stanic boli od-
vodené linearno-regresné vztahy pre uréenie Qipr
Z QwbF, max.

e Koeficient determindcie linearnej regresie bol v roz-
sahu 0,75 — 1,00 vyhodnoteny ako dobry linearny fit
pre 92 % analyzovanych vodomernych stanic.

e Pre dve stanice (Brezno (Hron) a Stropkov (Ondava))
bol koeficient determinacie 0,728 a 0,626, ¢o zodpo-
veda akceptovate'nému linearnemu fitu.

e Vysoky koeficient determinacie bol zisteny pre
stanice: Bratislava, Moravsky Sv. Jan, Streda nad
Bodrogom, Zdana.

o Koeficient determindcie je mensi pre mensie povodia,
ale nie pre vietky (napr. pre stanice Sastin, Turfia,
Jaklovce, hoci ide o men$ie povodia s plochou do
1000 km?, bol koeficient na Grovni stanic s plochou
povodia vy$Sou ako 2000 km?).

e Qupr sa vyskytuje v ten isty dent ako Qmpr,max V prie-
mere v 67 % udajov spracovanych hydrologickych
rokov, vyskyt s toleranciou do jedného dia je v 81 %
pripadov.

Na zaver je mozné konstatovat,, ze pre odvodenie Qipr
z Qwmpr je mozné pouzit’ obidve testované metddy, ktoré

Vztah medzi velkostou povodia a konverznym faktorom a linedrnej regresie.
Relationship between basin area and conversion factor a of linear-regression.

pre vybrané slovenské vodomerné stanice davaju porov-
natel'né vysledky.
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ESTIMATION OF INSTANTANEOUS PEAK FLOWS FROM MEAN DAILY FLOWS

For water gauging stations, flow data are sometimes only
available in form of mean daily flows, instantaneous peak
flows can be unknown. However, for many purposes
such as derivation of design parameters for water struc-
tures or running frequency analysis, they are essential.
Two methods of the instantaneous peak flow estimation
were used in this work: 1/ the method of conversion
factor based on a relationship between maximum mean
daily flow (Qwpr, ma) and the corresponding instan-
taneous peak flow Qpr (so called peak ratio
Qirr / QmbE, max) by linear-regression and, 2/ the method
called ,.the slope method* derived by Chen et al. (2017)
based on a sequence of three consecutive Qupr data, with
the middle value being Qwmpor, max, taking into account
the hydrograph shape. Simple linear-regression relation-
ship Qirr / QmbE , max May not be suitable for some river
basins as different flood triggering mechanisms produce
different form of floods (e.g. convective rainfalls, snow
melting, ice-jam, etc.).

Estimation of Qier using both methodologies was carried
out on a dataset of historical observations. The data of
measured instantaneous peaks and calculated mean daily
flows for individual hydrological years for 26 Slovak
water gauging stations were used.

Both methods for deriving instantaneous peak flows from
mean daily flows are based on the assumption that peak
flow occurred on the same day as the maximum daily
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flow rate, i.e. it was the same hydrological event with the
same causal relationship. One day tolerance was
considered in this work because of cases where culmi-
nation occurred around midnight. Another assumption
was that the instantaneous peak flows were statistically
independent. Therefore, the instantaneous peak flows
which could be mutually influenced, e.g. during
transition of hydrological years, were excluded from
analysis.

The results showed that Q,pr estimation from Qmpr, max by
simple linear-regression method is comparable with
the method of Chen et al. (2017). The mean relative error
(MRE) and the root mean square error (RMSE) were
10.96% and 33.48 m3.s™* for the LR method, 11.34% and
40.65 m3.s* for the Chen method, respectively.

The linear-regression coefficient of determination was in
the range of 0.75-1.00 considered as a good linear fit. It
was reached at 92% of water gauging stations.
The largest coefficient of determination was found for
stations: Bratislava, Moravsky Sv. Jan, Streda nad Bod-
rogom and Zdata with large basin areas. Furthermore, it
was found that Qpr occurred on the same day as Qmpr,max
on average in 67% of processed data, occurrence with
tolerance within one day was in 81% of cases.

Finally, it can be stated, that both methods for Qipr
estimation can be used for chosen Slovak water gauging
stations with comparable results.




