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Hydrologické dni 2026 — Desat’rocia spolo¢ného vyskumu a nové vyzvy

Hydrologické dni 2026 nadvizuju na viac nez Styri desatrocia spolocného usilia ceskej a slovenskej
hydrologickej komunity. Tohtorocné jubileum kladie doraz najmd na konkrétne vysledky sucasného vyskumu.

Zbornik obsahuje 57 prispevkov rozdelenych na 30 prednasok a 27 posterov, ktoré pokryvaju celé
spektrum tém od odtokovych procesov a hydrologickych extrémov az po nové digitilne technologie a
interdisciplinarne pristupy. Na tvorbe tychto prispevkov sa podiela vyse stovky autorov z univerzit,
vyskumnych ustavov a vodohospoddarskej praxe z oboch krajin. Tato pestra zostava odraza nielen dlhodobu
tradiciu spolocnej hydrologickej Skoly, ale aj generacnii obmenu a zapojenie mladych vyskumnikov.

Struktira programu je rozdelend do Styroch sekcii, ktoré sa venujii hydrologickym procesom,
hydrologickéemu cyklu v podmienkach globalnej zmeny, novym metodam a digitalnym technologiam vratane
Al aplikacii novych poznatkov v praxi a hydrologii ako sucasti environmentalneho vzdelavania. Takto
koncipované tematické bloky umoznuju, aby sa vysledky zakladného vyskumu prirodzene prepdjali s
potrebami vodného hospodarstva, planovania, manazmentu povodi a adaptacnych opatreni na zmenu klimy.

Verime, Ze zbornik recenzovanych abstraktov (v slovencine alebo cCeStine a zaroven aj v anglictine)
bude pre citatelov nielen obrazom aktudlneho stavu poznania, ale aj praktickou pomoéckou pri rieseni
konkrétnych problémov hydrologie a vodného hospodarstva v nasom regione. Zarovei ma byt pozvanim
pokracovat' v tradicii otvorenej spoluprace a dialogu, ktord je pre cesku a slovensku hydrologiu
charakteristicka uz niekol'ko generacii.

Osobitné podakovanie patri vsetkym autorom, ktori do tohto zbornika prispeli svojimi cennymi
poznatkami. Vdaka patri, samozrejme, aj celému vedeckému a organizacnému vyboru, Ustavu hydrolégie
SAV, v. v. i., a vSetkym partnerom a sponzorom, bez ktorych by realizdcia tejto jubilejnej konferencie nebola
moznd.

Za vedecky a organizacny vybor konferencie

Pavol Miklanek a Pavia Pekdrovd

Hydrological Days 2026 — Decades of Joint Research and New Challenges

Hydrological Days 2026 build on more than four decades of joint efforts by the Czech and Slovak
hydrological community, and this jubilee edition places particular emphasis on the concrete results of current
research. The Book of Abstracts contains 57 contributions, comprising 30 oral presentations and 27 posters,
which cover the full spectrum of topics from runoff processes and hydrological extremes to new digital
technologies and interdisciplinary approaches. More than one hundred authors from universities, research
institutes and water management practice from both countries contributed to these papers, reflecting not only
the long-standing tradition of a common hydrological school, but also generational renewal and the
involvement of young researchers.

The programme is structured into four sections devoted to hydrological processes, the hydrological
cycle under global change conditions, new methods and digital technologies including Al, the application of
new knowledge in practice, and hydrology as part of environmental education. In this way, the thematic blocks
enable the results of basic research to be naturally linked with the needs of water management, spatial
planning, river-basin management and climate-change adaptation measures.

We believe that this Book of reviewed abstracts will serve readers not only as a snapshot of the current
state of knowledge, but also as a practical tool for addressing specific hydrological and water management
problems in our region. At the same time, it is an invitation to continue the tradition of open cooperation and
dialogue that has characterised Czech and Slovak hydrology for several generations.

Our special thanks go to all the authors who have contributed their valuable insights to this volume.
We also wish to thank the entire scientific and organizing committees, the Institute of Hydrology of the Slovak
Academy of Sciences, and all partners and sponsors, without whom the organisation of this jubilee conference
would not have been possible.

On behalf of the Scientific and Organizing Committees
Pavol Miklanek and Pavia Pekdarovd
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ODKIAL SME VYSLI, KAM SME SA DOSTALI
A KAM BY SME MOHLI SMEROVAT

Jan Szolgay !, Pavol Miklanek 2, Ladislav Holko %, Jan Daiihelka 3
"Nérodny zastupca Medzinarodnej asociacie hydrologickych vied (IAHS); Katedra vodného hospodarstva

krajiny, SvF STU v Bratislave, Radlinského 11, 810 05, Slovenska republika
2Slovensky vybor pre Medzivladny hydrologicky program UNESCO;
Ustav hydrolégie SAV, v. v. 1., Dibravska cesta 9, 841 04 Bratislava, Slovenska republika
3 Cesky narodni vybor pro hydrologii; Cesky hydrometeorologicky tstav, Na Sabatce 2050/17,
143 06 Praha, Ceska republika

Rozvoj hydrolégie v nasom geografickom priestore tradicne vznikal z praktickych potrieb. V jej
zacCiatkoch to nebola vedeckd disciplina v dneSnom zmysle slova, ale sluzba spolo¢nosti pre nakladanie s
povodiiami, suchom, plavbou, mlynmi, meliordciami, zasobovanim vodou, splaveninami, ladovymi javmi a
neskor aj s vystavbou priehrad, vodnych diel a urbanizaciou krajiny. Postupne sa zo sluzby vyvinula vedecka
disciplina s vlastnymi metédami, instituciami, u¢ebnicami, vyskumnymi §kolami a medzindrodnym uznanim.

Tento vyvoj nebol priamy ani samozrejmy. Bol poznafeny zmenami Statov, hranic, rezimov,
administrativnych Struktir a vedeckych paradigiem. Napriek tomu si hydrologia u nas zachovala kontinuitu
sluzby spoloc¢nosti. Jej nositel'mi boli I'udia, ktori dokazali prenaSat’ poznanie medzi generaciami, medzi
sluzbou a vyskumom, medzi Skolou a praxou, medzi domacim prostredim a medzindrodnou komunitou.
Niektori budovali inStitiicie, ini merali v teréne, d’al§i vytvarali metodiky, pisali ucebnice, vychovavali
Studentov, organizovali odbornu komunitu alebo otvarali cestu do sveta. Preto nie je mozné pisat’ dejiny
hydrolégie iba ako dejiny uradov, zdkonov, ustavov, objavov a publikécii. Skuto¢ny vyvoj odboru tvorili
konkrétni I'udia. Ich préaca dala ¢islam z vodocetnych 1at vedecky vyznam, meraniam v profiloch spolocensky
zmysel a hydrologickym vypo¢tom zodpovednost’ voci krajine a jej obyvatelom.

Niektorych z vyznamnych ceskoslovenskych a slovenskych hydrolégov si preto v nasledujiacich
medailénoch pripominame symbolicky aj v zastipeni mnohych d’alich. Spaja ich vyznamné Zivotné
jubileum, ale najmé skutoc¢nost’, Ze svojim dielom pomohli vytvorit’ most medzi hydrografiou minulosti a
modernou hydrologiou dneSka. Nejde nam tu o prisnu historickll faktografiu, len vol'ne opisujeme ramce
vyvoja hydrologie cez prispevky vyznacnych osobnosti, ktorych sté vyrocie narodenia si takto zaroven
pripominame. Vyuzivajlic aj umell inteligenciu, sme vychadzali z naSej vlastnej paméte zo spolo¢nej prace a
rozhovorov s nimi, ich saputnikmi, publikovanych blahopriani a nekrolégov, ktoré uvadzame pre Gplnost’ pod
tymto uvodnikom.

Pred vznikom CSR sa v hydrologii vytvarali dve tradicie, ktoré sa po vzniku Ceskoslovenska spojili: ¢eska,
s vyraznym centrom v Prahe, a uhorské s centrom v Budapesti, z ktorej Slovensko prebralo Cast’ pozorovacich
sieti, udajov a sluzobnych skusenosti. V cCeskych krajinach sa Casto za takto pomatej organizovanej
hydrologickej sluzby povazuje rok 1875, ked’ bola v Prahe zriadena Hydrograficka komisia pre Kralovstvo
ceské. Prave toto pracovisko sa stalo jednym z prvych systematickych hydrografickych utvarov v strednej
Eurdpe. Pre izemie dneSného Slovenska vSak treba sledovat’ aj druhti liniu, uhorskt. V roku 1886 vznikol
Kralovsky hydrograficky ustav v Budapesti, resp. uhorsky hydrograficky tutvar, ktory centralizoval
hydrografické pozorovania, spracovanie udajov a povodiiova sluzbu v uhorskej ¢asti monarchie.

Vznik Ceskoslovenskej republiky v roku 1918 priniesol aj zasadny zlom. V roku 1919 bol v Prahe zaloZeny
Statny ustav hydrologicky, ktory sa stal jednou z prvych vedeckych a technickych institicii spolo¢ného 3tatu.
Na Slovensku sa samostatnejSie organizacné jadro hydrologickej sluzby formovalo v medzivojnovom obdobi.
V roku 1923 bolo zriadené Hydrografické oddelenie Vladneho referatu verejnych prac pri Ministerstve pre
spravu Slovenska. Neskor sa hydrograficka agenda objavila aj v Strukture Krajinského tradu v Bratislave.
Toto obdobie bolo vyznamné tym, ze hydroldgia prestavala byt iba evidenciou vodnych stavov a postupne sa
menila na sluzbu §tatu. Jej ulohy zahtiiali hldsnu a predpovednt sluzbu, hydrometrické merania, budovanie a
udrziavanie pozorovacich sieti, zrdZkomerni a vodocetnu sluzbu, odborné posudky, vodny kataster a
spracovanie pozorovani do publikacii. Povojnové desatroCia znamenali pre Ceskoslovensku hydrologiu
kvalitativny skok. Kym star§ia hydrografia sa opierala najma o pozorovanie a popis, hydrologia patdesiatych
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a Sest'desiatych rokov zacala systematicky rozvijat’ vypoctové metddy, hydrologicku regionalizaciu, bilancie,
navrhové charakteristiky, teoriu odtoku, povodiové analyzy, vodohospodarske planovanie a experimentalny
vyskum.

Do tohto povojnového obdobia patri aj jeden z najvacSich systémovych vykonov ceskoslovenského
vodného hospodarstva: Statny vodohospodarsky plan republiky Ceskoslovenskej. Bol spracovavany v rokoch
1949-1953, v tlaenej podobe vychadzal v rokoch 1954-1956 a vlada ho schvalila uznesenim €. 75/1954 z 8.
januara 1954. Neskor sa podl'a zakona ¢. 11/1955 Zb. o vodnom hospodarstve stal smerodajnym planovacim
podkladom pre vodohospodarske opatrenia jednotlivych odvetvi ndrodného hospodarstva aj pre tzemné
plénovanie.

Jeho vyznam pre hydrolégiu bol zasadny. Neslo iba o administrativny alebo investiény dokument. Statny
vodohospodarsky pléan si vyZzadoval rozsiahlu syntézu poznatkov o vodnych zdrojoch, odtoku, potrebach vody,
ochrane pred povodiiami, moznostiach akumulacie, regionalnych rozdieloch a perspektivach vyuzivania vod.
Hydrologia tym ziskala nové postavenie: stala sa podkladovou disciplinou velkého narodohospodarskeho
planovania. Udaje z pozorovacich sieti, vypoéty prietokov, bilancie, odhady extrémov a regionalne
charakteristiky uz neslizili len na opis vodného rezimu, ale vstupovali do rozhodovania o rozvoji priemyslu,
pol'nohospodarstva, energetiky, miest, dopravnych ciest a ochrany pred povodiami. Vytvaralo sa viacero
navzajom prepojenych centier: hydrologicka sluzba, aplikovany vodohospodarsky vyskum, akademicka
hydrologia a vyskum, vysoké Skoly (spociatku najmé stavebné inzinierstvo a vodohospodarske odbory).
Hydrologia sa stala sucast'ou formovania generacii projektantov, vyskumnikov, spravcov tokov, pracovnikov
hydrologickej sluzby a odbornikov pre vodné hospodarstvo.

Na Statny vodohospodarsky plan nadviazal Smerny vodohospodarsky plan podrobnejsie rozpracovany po
jednotlivych povodiach; kazdoro¢ne sa aktualizoval Vestnikom a kazdych pat’ rokov Zbornikom SVP. Smerny
vodohospodarsky plan znamenal posun od povojnového budovatel'ského planovania k trvalejSej koncepcne;
¢innosti. Do popredia sa dostavali nielen nové vodné diela a odbery vody, ale aj ochrana zdrojov pitnej vody,
bilancia potrieb a zdrojov, izemna diferencidcia vodohospodarskych problémov, kvalita vod, povodia ako
planovacie jednotky a potreba pravidelnej aktualizicie poznania. Pre hydrologiu to znamenalo dalSie
posilnenie jej aplikaéného vyznamu. Hydrologické udaje, rezimové charakteristiky a odhadové metody sa stali
nevyhnutnou sti¢astou pldnovania rozvoja krajiny.

Specifickou értou Eeskoslovenskej hydrolégie bolo jej uzke prepojenie s potrebami krajiny. Vznikala pri
rieSeni redlnych uloh: ochrany pred povodiami, navrhu nédrzi, hydrologickych podkladov pre priechrady a
upravy tokov, melioracii, zdsobovania vodou, splavnosti riek, erdézie, transportu sedimentov, kvality vod a
neskor aj ochrany vodnych ekosystémov. Osobitné miesto v tomto vyvoji ma subornd publikacia
Hydrologické poméry Ceskoslovenské socialistické republiky z roku 1970. Vyznam tejto publikacie nebol iba
encyklopedicky. Predstavovala syntézu hydrologickych poznatkov o tizemi celého Ceskoslovenska a zarovefi
poskytovala jednotny metodicky a datovy zéklad pre projektovanie, planovanie, vedecka pracu a vyucbu.
Zasadila hydrologické pomery do celorepublikového ramca a zarovenn umoznila porovnavat’ regiondlne
rozdiely v odtoku, zrazkach, bilancii, rezime tokov a vodnosti povodi. Takéto diela mali pre odbor mimoriadny
vyznam: zhromazd’ovali poznanie jednej generacie a poskytovali zaklad, z ktorého mohli vychadzat’ d’alSie
generacie hydrologov.

V druhej polovici 20. storocia sa ¢eskoslovenska hydrologia oraz viac internacionalizovala. Medzivladny
hydrologicky program UNESCO vytvoril rdmec, v ktorom sa doméce pracoviska zapajali do svetovej vymeny
poznatkov, terminoldgie, metod a vyskumnych priorit. Tento rozmer bol dolezity nielen administrativne, ale
aj mentalne: Ceskoslovenska hydrologia sa zacala vnimat’ ako sucast’ svetovej hydrologickej komunity.

Dalsi vel’ky zlom priniesol vstup do eurépskeho pravneho a environmentalneho priestoru, najmi Ramcova
smernica Eurdpskej tinie o vode 2000/60/ES. Ta zaviedla povinnost’ planovat’ a hodnotit’ vody podla
spravnych Gzemi povodi, pouzivat’ plany manaZzmentu povodi a programy opatreni, chranit’ a obnovovat’
vodné utvary, dosiahnut’ dobry ekologicky a chemicky stav a predchadzat zhorSovaniu stavu vod. Zmenila
jazyk aj logiku vodného hospodarstva. Do centra sa viac dostal stav vodného utvaru, vzt'ah kvantity a kvality,
ekologicka funkcia toku, hydromorfologické zmeny, tlakové analyzy, monitoring, programy opatreni a
povodie ako zékladné jednotka riadenia.

Ak sa pozrieme na celé obdobie od 19. storocia po dnesok, vidime cestu od jednoduchého pozorovania k
integrovanému poznaniu vodného cyklu. Vysli sme z hydrografickych komisii, referatov a oddeleni, ktorych
hlavnou ulohou bolo merat’ a zhromazd'ovat’ idaje. Presli sme cez obdobie budovania Statnych tustavov,
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povodiiovej a predpovednej sluzby, vyskumnych tstavov, akademickych pracovisk a vysokych §kol. Statny
vodohospodarsky plan ukazal, Ze hydroldgia je nevyhnutna pre narodohospodarske planovanie. Smerny
vodohospodarsky plan ju zaclenil do trvalej koncepcnej prace v povodiach. Publikacia Hydrologické pomery
CSSR zhrnula poznanie jednej velkej odbornej generacie a poskytla pevny datovy a metodicky zaklad.
Ramcova smernica EU o vode potom otvorila d’alsiu etapu, v ktorej sa hydrolégia stala su¢astou integrovanej
ochrany vod, ekologického hodnotenia, manazmentu povodi a adapta¢nych politik.

Vyvoj odboru vSak nebol iba institucionalny. Menil sa aj obsah hydrologického myslenia. Od klasicke;j
hydrografie, ktorej jadrom bolo meranie vodnych stavov a prietokov, sa preslo k hydrologickému rezimu,
bilancii, pravdepodobnostnym metdodam, hydrologickému modelovaniu, extrémnym javom, regionalizacii,
odtokovym procesom, transportu sedimentov, kvalite vod, hydromorfoldgii a v poslednych desatrociach aj k
problematike klimatickej zmeny, krajinnych zmien, neistot a integrovanej spravy vodnych zdrojov. Dnesna
hydrologia uz nie je iba sluzbou merania a vypoctu. Je to disciplina, ktora spdja fyziku prirodnych procesov,
Statistiku, modelovanie, geografické informacné systémy, dial’kovy prieskum Zeme, ekologické stvislosti a
rozhodovanie vo verejnom zaujme.

Hydrologia dneska sa vSak uz dnes nemdze definovat’ len ako veda o pohybe vody v prostredi. V
dvadsiatom prvom storo¢i sa musi stat’ vedou o zmenach, rizikdch, odolnosti a spolo¢enskych vol'bach
sprostredkovanych vodou. Jej hlavnou tlohou je prepojit’ globalne hydrologické zmeny — zmenu klimy,
zmenu vyuzivania pddy, vycerpavanie podzemnych vdd, zintenzivnenie extrémov, stres ekosystémov a
socioekonomickt transforméciu — s miestnymi rozhodnutiami o zasobovani vodou, povodniach, suchach,
pol'nohospodarstve, mestach, infrastruktire, ekosystémoch a riadeni rizik. Buduca tloha hydroldégie preto
nespociva len vo vysvetlovani hydrologickych procesov, ale aj v pomoci spolo¢nosti pri rozhodovani o tom,
¢o je bezpecné, Co je udrzatelné, Co je spravodlivé a Co je prevadzkovo mozné v podmienkach neistoty.
Hydrologia v naSom regione sa v dvadsiatom prvom storo¢i musi stat’ otvorenou, komparativnou a na rieSenia
orientovanou vedou o suchozemskom vodnom systéme. Musi prepojit’ globalne hydrologické zmeny s
miestnymi rozhodnutiami, dlhodobé pozorovania s naliechavymi opatreniami, umelu inteligenciu s fyzikalnym
pochopenim a vedecku excelentnost’ so spolocenskou zodpovednostou. Musi budovat’ regionélne a globalne
vedomostné Struktury, podporovat’ politiku a operacnu prax, investovat’ do vzdelavania a vazne sa zaoberat
spravodlivostou a doverou verejnosti. Jej budiuca hodnota sa bude merat’ nielen tym, ako dobre vysvetl'uje
vodu, ale aj tym, ako zodpovedne pomaha spolo¢nostiam zit’ s vodou v podmienkach zmien.

Tento vyvoj budl mat’ v rukach nové generacie hydrolégov. Ako by mohli pre seba interpretovat’ odkazy
osobnosti, ktorych si tu pripominame? Z minulosti by si mohli vziat’ tri silné stranky. Po prvé, kultaru
monitoringu: doveru v merania, pristroje, archivy, a dlhodobé zaznamy. Po druhé, integranu tradiciu
hydrolégie: schopnost’ prepojit’ zrazky, odtok, podzemnu vodu, sneh, podu, vegetaciu, rieky a I'udské potreby.
Po tretie, stthrn hodn6t, zdsad a ideélov, ktoré boli pre nich typické pri poskytovani sluzieb hydrolégie pre
spolo¢nost’. Tieto tradicie by sa nemali stat’ nostalgiou; mali by sa stat’ empirickym zédkladom budovania
otvorenej, komparativnej a na budicnost’ orientovanej hydrolégie. Lebo hydrologovia budi mat’ nad’alej
verejnu zodpovednost’ za to, aby boli vedomosti o vode vedecky presné, prakticky vyuziteI'né a spoloCensky
zodpovedné.

Generacne by mali zostat’ interpretmi zmien, hlasnikmi dlhodobych zékonitosti, prekladateI'mi medzi
globalnou hydrologickou zmenou a jej miestnymi prejavmi a hlavne ¢estnymi sprostredkovatel'mi neistot s
tym spojenych. Ich ulohou bude pomahat spolo¢nosti pochopit’, ktoré zmeny a rizika stivisiace s dostupnost’ou
vody v budticnosti su pravdepodobné a ktoré mitigacné zasahy st spol'ahlivé.

Ich nova ambicia v budovani vedomosti musi byt’ Sir§ia nez doteraz. Hydrolégovia by sa mali snazit’
budovat’ Struktarovanu regiondlnu a globdlnu vedu, ktora zostane uzitocna v miestnej praxi. Mali by pomahat’
vytvarat’ otvorené siete observatorii, prenosné modely, transparentné ramce neistoty a spolocne vytvarané
poznatky s odbornikmi z praxe a komunitami. Musi tieZ obhajovat’ vzdelavanie v hydrologii ako spolocensku
investiciu, pretoze adaptacia na zmenu klimy, zabezpecenie vodnych zdrojov, ochrana ekosystémov a riadenie
rizik vyzaduju odbornikov, ktori chapu procesy aj dosledky.

K tomu potrebné zru¢nosti su preto hybridné. Budtci hydrolégovia potrebuju pochopenie procesov,
terénnu kompetenciu, Statistiku, strojové a hlboké ucenie, prax otvorenej vedy, komunikaciu, politicka
gramotnost’, etiku a schopnost’ spolupracovat’ s roznymi disciplinami. Predovsetkym vSak potrebuji zdravy
usudok: schopnost’ rozpoznat’, kedy st udaje dostatocné, kedy st modely déveryhodné, kedy je neistota
dolezita a kedy sa hydrologickéd veda musi jasne vyjadrit’ v zaujme verejného blaha.
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SPOMINAME: STOROCNICE VYZNAMNYCH OSOBNOSTI
CESKOSLOVENSKEJ HYDROLOGIE

prof Ing. Milan Dzubak, CSc.
15. april 1926, Praha — 13. september 1996, Bratislava

Prof. Ing. Milan Dzubék, CSc. patri k osobnostiam, ktoré rozhodujucim spésobom
formovali moderni Ceskoslovenskil a slovenski hydrologiu druhej polovice 20.
storo¢ia. V jeho profesionalnom profile sa prirodzene spojili vlastnosti vedca,
metodologa, vysokoskolského ucitel’a, organizatora vyskumu a mudreho poradcu
vodohospodarskej praxe. Pre generdcie hydrolégov ostal predstavitelom odbornej
poctivosti, presného myslenia a Sirokej kultary technického i prirodovedného
vzdelania. Jeho meno sa spdja najmi s rozvojom pravdepodobnostného hodnotenia
hydrologickych extrémov, aplikaciou matematicko-Statistickych metod, analyzou
intenzivnych dazd’ov a povodnovych prietokov, ale aj s usilim prepajat’ vedecké
poznanie s potrebami vodného hospodarstva.

Narodil sa 15. aprila 1926 v Istebnom na Orave v ucitel'skej rodine. Po umrti otca
sa rodina prestahovala do Kogic; stredoskolské §tadium absolvoval postupne v Kosiciach, Banskej Stiavnici
a PreSove, kde v roku 1945 maturoval. V tom istom roku sa zapisal na §tudium inzinierskeho stavitel'stva na
Slovenskej vysokej $kole technickej v Bratislave. Stadium ukonéil v roku 1951 a nastapil ako asistent na
Katedru melioraéno-zdravotna Fakulty inZinierskeho stavitel'stva SVST. Roku 1959 presiel na Ustav
hydrolégie a hydrauliky Slovenskej akadémie vied. Kandidatsku dizertacnti pracu obhdjil v roku 1964. Na
ustave posobil ako vedecky pracovnik, neskor samostatny a veduci vedecky pracovnik, zastupca riaditela a v
rokoch 1974 — 1980 ako riaditel’ tstavu. V roku 1981 bol vymenovany za profesora pre odbor hydrologia a
vodné hospodarstvo a zadal pdsobit’ na Stavebnej fakulte SVST, dnesnej STU v Bratislave, kde zostal aktivny
az do konca Zivota.

Jeho odborny rast bol spojeny s akademikom Andrejom Bellom a s akademikom Otom Dubom, ktori
zasadne ovplyvnili jeho vedecké dozrievanie. Oto Dub ho neskor hodnotil ako jedného z najlepSich
metodologov hydrologie svojej doby: ako vedca schopného genetického rozboru hydrologickych javov, ich
matematicko-Statistického spracovania, zovsSeobecnenia a prevodu do pouzitelnych postupov pre
vodohospodarsku prax. Téato charakteristika vystizne vystihuje podstatu Dzubakovho diela. Teériu nevnimal
ako abstraktnt konstrukciu, ale ako nastroj lepSieho porozumenia javom v povodi a ako zaklad zodpovedného
rozhodovania pri navrhu a prevadzke vodohospodarskych stavieb.

Taziskom jeho vedeckej prace bola hydrologia extrémov. Venoval sa intenzivnym dazd’om, povodiiovému
rezimu tokov a dazd’ovym povodniam, pravdepodobnostnému hodnoteniu maximalnych prietokov a
nepriamym metodam ich vypoctu. Vychéddzal z genézy hydrologickych procesov, analyzoval Statistické
vlastnosti zrazok a odtoku a vysledky syntetizoval do metodickych postupov na ur¢ovanie navrhovych hodnot
maximalnych prietokov. Uplatiioval regiondlnu analyzu a rozvijal pouZivanie tedrie pravdepodobnosti a
nahodnych procesov v hydrolégii. Vyznamné boli jeho prace o maximalnych dennych zrazkovych uhrnoch,
o redukcii dennych zrazkovych uhrnov na kratsie trvania, o extrapolacii kratkych radov pozorovani a o vyuZiti
zrazkovych udajov pri odhade povodinovych charakteristik. Popri povodniach sa venoval hydrometrii, tvorbe
a koncentracii odtoku, minimalnym prietokom, hydrologickému suchu, hydroekologickym limitom, stabilite
navrhovych veli¢in a bol priekopnikom hodnotenia désledkov klimatickej zmeny na vodné zdroje.

K jeho najvyznamnej$im pracam patria kapitoly Metoddy zpracovani hydrologickych pozorovani a méteni
a Extrémy povrchového odtoku v syntetickom diele Hydrologie (SNTL, Praha, 1969), ktoré spoluvytvarali
metodicky zdklad Ceskoslovenskej inzinierskej hydroldgie. Vyznamné su aj prace o pravdepodobnostnom
hodnoteni extrémnych ¢lenov hydrologickych radov, o zdkone rozdelenia maximalnych dennych zrazkovych
uhrnov, o ndvrhovych hodnotach kulmina¢nych prietokov a ich zmenéch, ako aj Studie venované extrémnym
odtokovym pomerom v povodi Kysuce a stabilite hydrologickych navrhovych veli¢in. Ako autor alebo
spoluautor sa podielal na u¢ebnych textoch Vodohospodarske stavby, Uvod do $tadia vodohospodarskeho
inZinierstva, Vodné hospodarstvo a Hydrologia. Medzinarodny rozmer jeho prace potvrdzuju prispevky v
publikaciach a podujatiach Medzinarodnej asocidcie hydrologickych vied TAHS a Medzinarodného
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hydrologického programu UNESCO, expertizne pdsobenie v ramci Svetovej meteorologickej organizacie pri
projektoch pre Stredni Guineu a pri optimalizécii hydrologickej siete Cypru, ako aj spoluprica v ramci
akadémii vied krajin strednej a vychodnej Eurdpy.

Rovnako dolezita bola jeho pedagogicka ¢&innost. Prednisal na Stavebnej fakulte SVST, na
Prirodovedeckej fakulte Univerzity Komenského a kratko aj na Vysokej Skole pol'nohospodarskej v Nitre.
Viedol predmety hydrolégia a vodné hospodarstvo a pripravoval vyberové kurzy, v ktorych dokazal spéjat
teoreticki ndroc¢nost’ s jasnym vykladom. Vychoval pocetné generdcie inZinierov vodohospodérov,
prirodovedcov hydrolégov a vedeckych pracovnikov; ako Skolitel' aSpirantov priviedol k vedeckej
samostatnosti viacerych vyznamnych odbornikov posobiacich na vysokych sSkolach, vo vyskume, v
hydrologickej sluzbe i v zahrani¢i. Jeho Ziaci a kolegovia si ho pamétali ako ucitel’a, ktory klddol vysoké
naroky, no zaroven netinavne ochotne vysvetl'oval, povzbudzoval a pomahal.

Rozsiahla bola aj jeho vedecko-organiza¢na praca. Posobil v domdcich a medzinarodnych odbornych
organoch a v rdoznych komisiach pre vodné hospodarstvo a hydrologiu, medzi nimi v organoch
Medzinarodného hydrologického programu UNESCO, v komisiach SAV a CSAV, v koordinacii §tatneho
pléanu zdkladného vyskumu a v komisiach pre obhajoby vedeckych hodnosti. Bol koordinatorom vyznamnych
vyskumnych smerov a kuratorom hydrometeorologickych projektov v ramci mnohostrannej spoluprace
akadémii vied strednej a vychodnej Eurdpy. Za svoju pracu ziskal viaceré vyznamné ocenenia: ¢estnu medailu
SAV Aurela Stodolu, zlati medailu SAV Dionyza Stura, zlati medailu SVST, zlati medailu Prirodovedecke;
fakulty UK, medailu Akadémie vied ZSSR za zasluhy o rozvoj geofyzikalnych vied, rezortné vyznamenanie
Budovatel’ vodného hospodarstva a Statne vyznamenanie Za vynikajucu pracu.

Dzubékov prinos mal osobitnii hodnotu tym, Ze spajal vedeckt hibku s inZinierskou pouZitenost'ou. Jeho
prace vstupovali do metodik, expertiz a projektovej praxe; ovplyviiovali posudzovanie povodiového
nebezpecenstva, dimenzovanie vodohospodarskych stavieb, koncepéné tivahy o vodnych zdrojoch 1 rozvoj
hydrologickych pozorovacich sieti. Ako riaditel’ Ustavu hydrologie a hydrauliky SAV podporoval prepojenie
akademického vyskumu s rezortnou hydrologickou sluzbou a s vodohospodarskou praxou. Bol vyhl'adavanym
konzultantom pracovnikov SHMU, CHMU, VUVH, projektovych organizacii i vysokych $kél. Jeho
stanoviska boli cenené pre vecnost,, logicku presnost’ a schopnost’ vystihnit’ podstatu problému bez straty
SirSich suvislosti.

O Milanovi Dzubadkovi nemozno hovorit’ iba prostrednictvom funkcii, titulov a publikacii. V pamiti
sucasnikov ostal ako ¢lovek srdecny, otvoreny, vtipny a druzny, s encyklopedickym rozhl'adom, Sportovym
duchom a prirodzenou autoritou. Okolo seba vytvaral prostredie dovery, kolegiality a odbornej zodpovednosti.
Bol prisny na argumenty, ale laskavy k l'ud’om; naro¢ny na kvalitu, no vzdy ochotny podelit’ sa o sktisenost’.
Jeho pracovitost’, presnost’ a zapal pre vodu sa spdjali s l'udskou privetivostou, ktord z neho robila nielen
reSpektované¢ho vedca a profesora, ale aj radcu a priatel'a. Jeho dielo zostalo sucastou odbornej paméti
slovenskej hydrologie. Predstavuje odkaz, ze dobrd hydroldgia je sucasne veda o prirodnych procesoch,
inzinierska zodpovednost’ vo¢i spolocnosti a kulttra presného, ¢estného odborného myslenia.

Ing. Otakar Maly
11. m4j 1926, Nitra — 02. marec 2016, Bratislava

Ing. Otakar Maly (1926 — 2016) patri k osobnostiam, ktoré sa spajaji celym
obdobim formovania modernej hydrologickej sluzby na Slovensku. Narodil sa 11.
maja 1926 v Nitre, od detstva vSak Zil v Bratislave, ktord sa stala jeho trvalym
zivotnym aj pracovnym zdzemim. VysokosSkolské stadium zacal roku 1945 na
Slovenskej vysokej skole technickej v odbore konstruktivne, dopravné a vodné
hospodarstvo. Este pred ukonCenim Stadia, v januari 1952, nastapil do
. Vyskumného ustavu hydrologického, do oddelenia povrchovych vdd vedeného
akademikom Otom Dubom. V tomto prostredi, kde sa hydrologické sluzba este len
instituciondlne a odborne stabilizovala, patril po RNDr. Jurajovi Paclovi, CSc.,
medzi prvych vysokoskolsky vzdelanych pracovnikov.

& 4 Po skonceni dvojro¢nej vojenskej sluzby v Dukle Praha sa v roku 1954 vratil
na pracovisko, kde bol pripravovany na vedenie oddelenia podzemnych vod a absolvoval odborny zacvik v
Brne a Prahe u viacerych Specialistov. Ziskané poznatky preniesol do praxe na Slovensku: po prevzati
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oddelenia podzemnych vod zavadzal nové pracovné postupy a metddy, najméd zasadne prebudoval
pozorovaciu siet’ podzemnych vod. StarSie zardazané trubky sa nahradzali vrtmi a rozSirujuci sa monitoring
zacal poskytovat’ udaje vhodné na systematické spracovanie v prvych ro¢enkach podzemnych véd. Od roku
1969 pdsobil Ing. Maly ako namestnik pre hydrologiu. Prave v tejto funkcii sa najvyraznejsie prejavili jeho
organizacné schopnosti, cit pre prakticki hydrologiu a schopnost’ zavadzat’ technické inovacie do sluzby.

Podporoval budovanie a modernizdciu monitorovacich sieti, moderné pristrojové vybavenie
hydrologickych pracovisk, hromadné spracovanie tdajov pomocou vypoctovej techniky a zapajanie
pracovnikov SHMU do aplikaénych vyskumnych tiloh doma i v zahrani¢i. K inovaciam spajanym s jeho
menom patrilo aj snimkovanie snehovej pokryvky a stanovovanie jej vodnej hodnoty, dolezité pre operativne
aj bilan¢né hydrologické hodnotenia.

Mimoriadne déleZity bol jeho podiel na zalozeni Hydrofondu. Spolu s RNDr. Janom Subom navrhol
vytvorit' hydrologicky pendant ku Geofondu a v spolupraci s odbornikmi z Prahy a Brna pripravoval
dokumenty potrebné na jeho realizaciu. Tento krok mal $ir§i vyznam nez len administrativne usporiadanie
udajov. I$lo o snahu urobit’ z hydrologickych dat systematicky evidovany, overovany a dlhodobo vyuzitel'ny
odborny fond. V oblasti podzemnych vod tak vtedajsi Hydrometeorologicky ustav ziskal nastroj, ktory ho
podl'a dobovych hodnoteni zarad’oval medzi progresivne eurdpske ustavy.

Osobitnu kapitolu tvori jeho prispevok k metodike riadenia hydrologickej sluzby. Oto Maly inicioval
metodické porady jednotlivych hydrologickych odborov, ktoré umoznili zjednocovat’ postupy merani,
vyhodnocovania a spracovania udajov. Z tychto stretnuti vyrastali smernice na celostatnej irovni, vymena
sktsenosti medzi pracoviskami a neformélne odborné vézby, ktoré zvysovali kvalitu kazdodennej sluzby. S
jeho menom sa spéja aj podpora dial’kového prenosu udajov z vodomernych stanic a usilie o technicku
modernizéciu ustavu vratane rozvoja pracovisk na Kolibe. V tomto zmysle bol Oto Maly nielen odbornikom
na jednu cast’ hydrologického cyklu, ale aj tvorcom infrastruktury, bez ktorej by sa moderna hydrologicka
sluzba nemohla rozvijat’.

Jeho odborny profil dokresl'uju aj publikacie a spravy, v ktorych vystupoval ako autor, spoluautor alebo
Clen autorského a editorského kolektivu. Venoval sa metodickym pracam o evidencii vodnych zdrojov
podzemnych vdd, merani vydatnosti pramenov a otazkam perspektiv experimentalnej hydroldgie. Vyznamna
je jeho tucast’ v kolektive diela Hydrologické poméry Ceskoslovenské socialistické republiky, Dil III,
vydaného Hydrometeorologickym ustavom v roku 1970. Toto dielo patrilo k zakladnym syntetizujucim
pracam cCeskoslovenskej hydrologie a Malého ucast sved¢i o jeho podiele na SirSom metodickom a
dokumenta¢nom budovani odboru. Jeho prace ukazuju, ze Maly uvazoval o hydrologii v Sirokom kontexte
terénneho vyskumu, reprezentativnych a experimentalnych povodi, pristrojovej techniky, spracovania udajov,
dial’kového prieskumu Zeme a medzinarodnej spoluprace. InSpiroval sa tradiciou ceskoslovenskych
experimentalnych povodi a reagoval na impulzy Medzinarodnej hydrologickej dekddy UNESCO.
Zdorazinioval potrebu kvalitnych dlhodobych hydrologickych dat, sledovania vyvoja meracich metdd,
informacénych systémov a prepojenia zdkladného vyskumu s praktickymi llohami vodného hospodarstva.

Popri profesionalnom podsobeni vyrazne formovala jeho osobnost’ voda aj v Sporte. UZ ako pétndstrocny
sa venoval plavaniu a vel'mi skoro sa stal speSnym trénerom mladeze. V roku 1952 viedol ¢eskoslovenskych
plavcov na olympijskych hrach v Helsinkach a po navrate kratko posobil ako tréner plaveckého oddielu Dukla
Praha. Namiesto Sportovej kariéry si vSak zvolil navrat k hydrolégii. Bol spoluzakladatelom Yacht Clubu
Slovan Bratislava, a ¢lenom vyboru Ceskoslovenského zvizu jachtingu zvicsa ako predseda trénerskej rady.
Posobil aj v kolégiu Fair play Slovenského olympijského vyboru.

Za odbornti pracu ziskal zlaté medaily CHMU a SHMU, ako aj rezortné a $tatne ocenenia Budovatel
vodného hospodarstva a Za vynikajicu pracu. V §porte bol oceneny Zlatym odznakom CSTV a SZTK, titulom
zasluzily tréner, Striebornymi olympijskymi kruhmi, cenou Fair play a d’al§imi uznaniami. V roku 2002 dostal
od Medzinarodného olympijského vyboru bronzovu sosku za dobrovolnicku pracu v telovychove.

Spomienkové texty ho vykresl'uji ako ¢loveka energického, priatel'ského, prajného a velkorysého, najma
voci mladym ambiciéznym pracovnikom, ktorym vytvaral priestor a podporu. Patril k tym osobnostiam, ktoré¢
formovali hydrologiu nielen vlastnymi publikaciami, ale predovsetkym tym, ze vytvorili podmienky, aby sa
Ceskoslovenska a neskor slovenska hydrologicka sluzba mohla stat’ modernou, metodicky spolahlivou a
odborne respektovanou sucastou eurdpskej. Jeho zivotna praca spocivala v tichom, ale rozhodujucom
budovani zékladov: sieti, metodik, dajovych fondov, pristrojového vybavenia, vypoctového spracovania a
kolegialnych vazieb. Hydroldgia na Slovensku po niom prevzala pevné zaklady pre svoj dneSny rozvoj.
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prof. Ing. Jaromir Némec, CSc.
3. november 1926, Praha — 3. oktober 2010, Zeneva

Prof. Ing. Jaromir Némec, CSc., v medzinarodnom prostredi znamy najmé ako
Jerry Némec, patril k najvyraznejSim cCeskoslovenskym hydrologom druhej
polovice 20. storoCia. Jeho meno sa spdja s obdobim, v ktorom sa hydrologia
menila z prevazne podpornej narodnej technickej discipliny na samostatny odbor
medzindrodnej spoluprace vychadzajici z narodnych hydrologickych sluzieb
astava sa neopomenutelnou sucastou riadenia vodného hospodarstva. V
ceskoslovenskom prostredi vyrastol z tradicie regionalnej inzinierskej hydroldgie,
no svojim posobenim vo Svetove] meteorologickej organizacii sa zaradil medzi
osobnosti, ktoré formovali globalnu hydrologiu.

V roku 1952 vznikla Vysoka $kola zemédélska (VSZ) a na jej agronomicke;
fakulte odbor melioracii. Vypracoval sa na profesora hydrologie a stal sa jednym
z prvych vedacich Katedry zékladov vodného hospodarstva, pracoviska
zameran¢ho na vodné zdroje a hydrologické laboratérium. Prednéasal hydrologiu, protipovodiiovi ochranu a
problematiku vodnych zdrojov v Ceskoslovensku aj v zahraniéi. Pésobil v Bagdade, Havane, Delfte, Padove
a Lausanne. Této etapa zivota ho predstavuje ako pedagoga, ktory dokazal spdjat’ univerzitnu vyucbu, vyskum
a poradenstvo pri redlnych vodohospodarskych projektoch. Venoval sa najméd vztahom medzi zrdzkami a
odtokom, malym povodiam, povodniam, zasobnej funkcii naddrzi a vyuzivaniu hydrologickych tudajov vo
vodohospodarskej praxi.

Rozhodujuci obrat v jeho kariére nastal roku 1965, ked’ odisiel do Zenevy do sekretaridtu Svetovej
meteorologickej organizacie. Najprv sa stal veducim divizie hydrometeorologie a od roku 1968 prvym
riaditel'om na tseku hydroldgie a vodnych zdrojov. Na tejto pozicii pdsobil do roku 1987. Nebola to iba
administrativna funkcia. V tom cCase, ked’ bola hydrolégia v meteorologickom prostredi WMO vnimana ako
cudzorody prvok hl'adajuci si miesto, prof. Némec presadil jej operativny, spolocensky a technicky vyznam.
Pravom sa preto oznacuje za jedné€ho z otcov operativnej hydrologie vo WMO.

Jeho svetovy prinos spocival najmi v tom, ze hydrolégiu chapal ako sluzbu spolo¢nosti. Neslo mu iba o
vedecku disciplinu, ale aj o integrovany systém pozorovani, metodik, technickej spoluprace, prognoz a
vystrah, ktory ma poméhat’ pri minimalizacii rizik, ochrane Zivotov a rozvoji vodnych zdrojov. V ramci WMO
prispel k tomu, aby sa narodné hydrologické sluzby stali prirodzenou stcastou medzinarodnej spoluprace.
Podporoval projekty v rozvojovych krajinach, najmé v oblasti Viktoriinho jazera, Strednej Ameriky a povodia
Nilu.

Osobitné miesto medzi jeho iniciativami mal program HOMS — Hydrological Operational Multipurpose
System, teda systém prenosu hydrologickych metdd, modelov a technoldgii medzi ¢lenskymi §tatmi WMO.
Tento program vyjadroval Némcovu predstavu, ze hydrolégia ma byt pouzitel'nd, zdiel'ateI'na a operativne
ucinna. Za jeho organizacnt energiu a schopnost’ presadit’ hydrologiu v systéme OSN mu svetovd komunita
priznala vel’ky reSpekt. Po odchode z WMO pdsobil v rokoch 1987 — 1989 vo FAO OSN v Rime ako veduci
sluzby vodnych zdrojov. V roku 1988 ziskal spolu so Sorinom Dumitrescom, riaditel'om Divizie vied o vode
UNESCO Medzindrodnu cenu za hydrolégiu, udel'ovanii Medzinarodnou asociaciou hydrologickych vied
IAHS. Pri udeleni ceny sa zdoraznilo, Zze za udomacnenim operativnej hydrologie vo WMO a ustanovenim
programu HOMS stél profesor Némec ako hybna sila. Aj neskor zostal medzinarodne aktivny ako technicky
poradca, univerzitny prednasatel’ a konzultant v Eurdpe a v Spojenych Statoch.

Do ceskoslovenskej hydroldgie sa Jaromir Némec zapisal aj ako autor a spoluautor vyznamnych ucebnic
a syntetickych prac. K najdolezitejsSim patria Zaklady hydrologie pro zeméd€lce a lesniky, Hydrologie s Otom
Dubom a kolektivom, Inzenyrska hydrologie a medzinarodne $irend kniha Engineering Hydrology z roku
1972. Jeho neskorSia monografia Hydrological Forecasting: Design and Operation of Hydrological
Forecasting Systems z roku 1986 zhrnula sktsenosti s navrhovanim a prevadzkou hydrologickych
predpovednych systémov. K vyznamnym odbornym pracam patria aj Studie o klimatickej variabilite, citlivosti
vodohospodarskych systémov na zmenu klimy, globalnej vodnej bilancii, vyuziti kozmickych technologii v
hydrolégii a modelovani vel'kych povodi. Tieto prace ukazuju Sirku jeho zdberu: od klasickej inZinierskej
hydrologie cez predpovede a modelovanie az po otdzky klimatickej zmeny a globalnych vodnych zdrojov.
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Osobnostne bol Némec vyrazny, energicky a nezamenitel'ny. Spomienkové texty ho opisuju ako ¢loveka,
na ktorého sa nezabudalo: priamociareho, niekedy burlivého, s velkou pracovnou energiou a silnym hlasom,
ale zaroven s mimoriadnou schopnost'ou nadchnut’ I'udi pre hydrologiu. Nebol diplomat v uhladenom zmysle
slova; bol skor Clovek, ktory isiel do konfliktu, ak citil, ze ide o vecnu podstatu odboru. Prave tym dokazal
rozhybat’ institucie, ktoré by inak postupovali pomaly a opatrne. Jeho spolupracovnici na roky v oddeleni
hydrologie a vodnych zdrojov WMO spominali ako na ndro¢né, ale mimoriadne tvorivé obdobie.

V Ceskom a Ceskoslovenskom kontexte predstavuje Jaromir Némec vynimocny priklad odbornika, ktory
prekrodil hranice narodnej §koly a stal sa svetovou osobnostou. Z Prahy priniesol do Zenevy stredoeurépsku
technicka doslednost’, jazykovu a kulturnu otvorenost’ a schopnost’ spajat’ vedu, prax a medzinarodnu sluzbu.
Jeho meno sa vo WMO, UNESCO a TAHS dodnes spaja s ¢eskou hydrologiou a s obdobim, ked’ sa operacna
hydrolégia stala uznavanou sticastou medzinarodného systému.

Odkaz Jaromira Némca spociva v presvedceni, Ze hydrologia mé byt vedecky kvalitna, technicky uzitocna
a spoloCensky zodpovedna. Patril k tym, ktori dokazali premenit’ odborné poznanie na institicie, programy,
predpovedné systémy a medzindrodnu spolupracu. Preto jeho dielo nepatri iba dejindm ceskoslovenskej a
ceskej hydrologie. Je sucCastou dejin svetovej hydroldgie a pripomienkou, Ze voda ako predmet vyskumu si
vyzaduje nielen vedu, ale aj odvahu, organizacnu energiu a sluzbu verejnému zdujmu.

RNDr. Juraj (Jiri) Pacl, CSc.

13. november 1926, Horazd’ovice — 25. jiin 2011, Cervena Reéice

RNDr. Juraj (Jifi) Pacl, CSc. patri medzi osobnosti naSej hydrolégie, ktorych
zivotopis presahuje hranice jednej inStitucie, jednej krajiny 1 jednej tizkej odbornej
$pecializacie. Narodil sa 13. novembra 1926 v Horazd’oviciach v juznych Cechach,
no uz od mladosti bol spéty so Slovenskom. V Bratislave ziskal gymnazialne aj
vysokoskolské vzdelanie a na Prirodovedeckej fakulte Univerzity Komenského sa
formoval ako geograf a hydrograf. Na odportacanie prof. Michala LukniSa nastupil v
roku 1948 do Statneho hydrologického tistavu v Bratislave, kde posobil pod vedenim
Ota Duba. Tym sa jeho odbornd drdha od zaciatku spojila s generaciou, ktora po
druhej svetovej vojne budovala modernt slovensku hydrologiu.

Prvé Paclove prace boli uzko viazané na praktické potreby vodného hospodarstva.
Do tohto obdobia spadd uspesnd obhajoba doktorskej dizertanej prace ,,Vah —
hydrologicka $tadia“. Téato spolu s jeho diplomovou pracou boli pouZité pri vypracovani Statneho
vodohospodarskeho planu a odmenené Poverenictvom techniky. Do tejto doby spadaji aj vedecké prace J.
Pacla z oblasti 'adového rezimu Dunaja a jeho pritokov po vybudovani vodnych diel. Venoval sa aj 'adovému
rezimu slovenskych tokov. Jeho vyznamnym ¢inom bolo priame hydrometrické zameranie kulmina¢ného
prietoku Dunaja v Bratislave pocas povodne v roku 1954, uvadzané¢ho hodnotou priblizne 10 400 m3/s, ktoré
malo vyznam aj v medzinarodnych rokovaniach o priebehu povodne na dunajskom rakusko-ceskoslovensko-
mad’arskom useku. Kandidatsku pracu o rezime I'adov na slovenskych tokoch obh4jil v roku 1964 v Brne.

V méji 1959 odchadza jubilant z HMU na nové pracovisko — Vyskumni stanicu Tatranského narodného
parku — TANAP. Od roku 1954 bol ¢lenom Poradného zboru TANAP-u a v rokoch 1959-1965 pdsobil ako
hydrolég Vyskumnej stanice TANAP-u. Vysoké Tatry sa prentho nestali iba pracoviskom, ale krajinou
celozivotného vztahu. Pracoval na vodnej bilancii Tatier a ich ¢iastkovych povodi, spracuval zakladné udaje
vyznamnych tokov a plies, venoval sa hydrologickej bilancii Strbského plesa, vodnej bilancii a limnolégii
tatranskych jazier, katastru lavin, overovaniu protilavinovych opatreni a v spolupréci s Katedrou geodézie
Stavebnej fakulty SVST fotogrametrickému mapovaniu tatranskych plies. Jeho systematické merania hladiny
Strbského plesa z rokov 1952-1961 zostali jedine¢nym zdrojom poznania. Bol v podstate jedinym
hydrologom, ktory sa vtedy jazerom $irSie zaoberal.

Pacl bol zaroven vyraznou osobnost'ou ochrany prirody. Neslo u neho o doplnkovy zaujem, ale o
prirodzeny dosledok hydrologického myslenia, v ktorom voda, sneh, pdda, vegetacia, laviny, turistické zasahy
a vodohospodarske potreby tvoria jeden krajinny systém. Patril k odbornikom, ktori v TANAP-¢ a neskor aj
v prostredi Slovenského zvdzu ochrancov prirody a krajiny dokézali spdjat’ expertizu s obcianskou
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zodpovednostou. V debatach o rozvoji Tatier a Rohacov vystupoval proti necitlivému masovému turizmu a
technokratickému pldnovaniu nie ideologicky, ale vecne: argumentmi o inosnosti uzemia, rizikdch povodni a
lavin, potrebe vyskumnych z6n a respektovani prirodnych limitov ndrodného parku.

Rovnako ddlezitd bola jeho praca po navrate do Bratislavy v roku 1965. Na Ustave hydrologie a
hydrauliky SAV pracoval az do svojho odchodu do dochodku v roku 1987. Tam sa stal vedeckym tajomnikom
Ceskoslovenského vyboru pre hydrologiu, ktorému predsedal akademik Oto Dub. Prave tu sa naplno prejavila
jeho schopnost’ spajat’ odbornost’, organiza¢ny talent a jazykovu i l'udskiit komunikaénii zdatnost’. Mal
vyznamny podiel na zabezpeCovani prvych faz Medzinarodné¢ho hydrologického programu UNESCO v
Ceskoslovensku, zacastiioval sa rokovani jeho medzivladnych organov v PariZi a pomahal zapajat’ ceské a
slovenské vyskumné i pedagogické pracoviskd do svetového hydrologického diania. V podmienkach
rozdeleného sveta to bola nenédpadné, ale mimoriadne dolezita forma vedeckej diplomacie: prinasala literattru,
kontakty, informacie, metodické impulzy a pocit spolupatri¢nosti s medzinarodnou hydrologickou komunitou.
Paclov prispevok k internacionalizacii hydrologie nebol iba administrativny. Posobil na hydrologickych
postgradudlnych kurzoch UNESCO na VSZ v Prahe a prednasal na vy3$Som postgradudlnom kurze pre
profesorov a Specialistov-hydrol6gov na Lomonosovovej univerzite v Moskve. Bol dva semestre host'ujucim
docentom Technickej univerzity vo Viedni.

V jeho pdsobeni sa spajal terénny vyskumnik, ktory rozumel meraniu v tazkych horskych podmienkach,
s ¢lovekom schopnym prekladat’ miestne sktisenosti z experimentalnych povodi do zrozumitel'ného jazyka
hydrologickych bilancii a vodohospodarskeho planovania. Jeho vedecky zéber zostal Siroky aj v tychto
rokoch. V studii o minulosti a moznostiach hydrologického vyskumu v malych povodiach na Slovensku zhrnul
vyznam Medzinarodnej hydrologickej dekddy a nadvédzujuceho programu UNESCO pre rozvoj
experimentalnych a reprezentativnych povodi. Zdoéraznil potrebu vyuzit' dlhodobé rady zo slovenskych
malych povodi a chapat’ ich ako zéklad hydrologickej analdgie, poznania tvorby odtoku a praktického
rozhodovania v krajine. Tento pohl'ad je typicky pre Pacla: nestracal zo zretel'a archivne udaje, konkrétny
terén ani prakticka vyuzitel'nost’ vedeckého poznania. Jeho odkaz presahuje regiondlny rdmec: patril k tym
odbornikom, ktori ¢eskoslovensku hydrologiu udrziavali v kontakte so svetom a sti¢asne svetu sprostredkovali
vedomosti hydrologie karpatskej a stredoeurdpskej krajiny.

Osobnostne bol Pacl typom hydrologa, ktory viac veril skusenosti ziskanej v teréne nez pohodliu
kancelarie. Bol horolezcom, voddkom, speleologom, turistom, autorom odbornych i popularno-nducnych
textov, prekladatel'om a dlhoroénym ¢lenom redakénej rady casopisu Krésy Slovenska. S manzelkou LibuSou,
vyznamnou znalkyiou tatranskej flory, zdiel'al hlboky vztah k horam a ochrane prirody. Spomienkové texty
ho charakterizuji ako pracovitl, priatel'sku a velkoryst osobnost’, ochotnu delit’ sa o trpezlivo nadobudnuté
poznatky.

V dejinach slovenskej hydrologie zostava ako ¢eskoslovenska a zarovei stredoeurdpska osobnost’: vedec
formovany geografickou S$kolou, praxou hydrologickej sluzby a tatranskym terénom; organizator
medzindrodnej spoluprace; ochranca prirody a clovek, ktory vedel spajat’ prisnost’ merania s kultirou krajiny.
Jeho odkaz spociva nielen v publikacidch a meraniach, ale aj v priklade hydrolégie ako sluzby spoloc¢nosti,
krajine a medzinarodnému porozumeniu.
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Ing. Jan Szolgay, CSc.
18. jin 1926, Bratislava — 18. oktober 2005, Bratislava

Ing. Jan Szolgay, CSc., patri k vyraznym predstavitelom generacie, ktora po
druhej svetovej vojne budovala ceskoslovenské vodné hospodarstvo ako moderny
technicky, vyskumny a spoloc¢ensky zodpovedny odbor. Svoj profesiondlny zivot
spojil predovsetkym s Vyskumnym ustavom vodného hospodarstva v Bratislave,
kde pdsobil od roku 1951 a kde sa stal jednou z urcujucich osobnosti
hydrologického, hydraulického a morfologického vyskumu riek a vodnych nadrzi
na Slovensku. Vo VUVH zastaval funkciu vediceho oddelenia morfologie tokov a
neskor aj veduceho hydrologického odboru. Jeho odbornd drédha tak nebola iba
drahou vyskumného pracovnika, ale aj organizatora vyskumu, tvorcu pracoviska a
Cloveka, ktory pomahal urovat’ smerovanie celého odboru.

- Jeho zéber bol pritom velmi Siroky. Venoval sa koncepénym otdzkam
hydrologického vyskumu na Slovensku, rieSeniu Statnych uloh, vyskumu pre vodné diela, ochrane termalnych
pramefiov v Piestanoch, sedimentécii v nadrziach, povodiiovej ochrane i sanacii povodiovych $kod na Zitnom
ostrove. Zapajal sa do ¢innosti odbornych rad a vyborov, posobil v ramci Ceskoslovenskych hydrologickych
Struktur a medzindrodnych hydrologickych programov. Bol odbornikom, ktorého bolo mozné prizvat k
teoretickej koncepcii, technickému posudeniu aj k naliehavej havarijnej ulohe. Ako expert sa zacCastnoval
rokovani ¢eskoslovensko-mad’arskych a ¢eskoslovensko-raktiskych komisii pre hrani¢né vody. Jeho odborna
praca preto prirodzene prekracovala narodny ramec a patrila do SirSieho dunajského priestoru.

Narodil sa 18. juna 1926 v Bratislave. V rodnom meste absolvoval zakladnu skolu, redlne gymnazium a
neskor Stavebnu fakultu Slovenskej vysokej Skoly technickej, ktort ukoncil v roku 1950. Uz pocas Stadia, a
aj kratko po nom, posobil ako odborny asistent prof. Kratochvila na katedre zameranej na zakladanie stavieb
a vyuzitie vodnej energie. Tato ranna odborna skusenost’ ho formovala ako inziniera, ktory rozumel technickej
stavbe, ale zaroven vnimal, Ze kazdé vodné dielo je sucast’ou SirSieho prirodného a spoloc¢enského systému.

Po kratkej vojenskej sluzbe pracoval vo Vodoprojekte pri priprave vystavby vodnych diel. Od roku 1951
pdsobil vo Vyskumnom ustave vodného hospodarstva, v roku 1963 obhajil kandidatsku dizertaciu na CVUT
v Brne. Taziskom jeho prace boli hydrologicko-hydraulicko-morfologické problémy v prirodnom prostredi.
Osobitne vyznamnd bola jeho praca v oblasti plavenin a splavenin. Sedimenty nevnimal ako okrajovy
technicky problém, ale ako jeden z kI'aiCov k pochopeniu zivota rieky, rieku chapal ako dynamicky systém,
ktory mé pamit’, energiu, vlastné rytmy a dlhodoby vyvoj.

K trvalym vysledkom jeho prace patria hydromorfologické atlasy slovenskych tokov. Pod jeho vedenim
alebo s jeho autorskym podielom boli systematicky spracované rieky Nitra a Hron. Neslo iba o opis riecnych
usekov, ale o pokus zachytit’ vyvoj toku v ¢ase, dokumentovat’ morfologické zmeny a vytvorit’ podklad pre
rozhodovanie vo vodnom hospodarstve. Podobne vyznamna bola aj linia er6zno-sedimentacného vyskumu
slovenskych nadrzi, ktord upozoriiovala na praktické dosledky zanasSania akumulacnych priestorov. Tieto
prace ukazuji Szolgaya ako odbornika, ktory spdjal meranie, terénnu skisenost’, analyzu procesov a potreby
praxe. V tejto suvislosti je nevyhnutné zdoraznit’ skutocnost’, Ze nim iniciovany systematicky vyskum rezimu
plavenin a splavenin v slovenskych vodnych tokoch hodnotia aj v zahrani¢i ako priekopnicku a unikatnu
vedecku aktivitu v celosvetovom meradle.

Mimoriadne miesto v jeho kariére mal Dunaj. Pre slovenské vodné hospodarstvo bol Dunaj velkou
hraniénou riekou, dopravnou cestou, zdrojom vody, osou Zitného ostrova, priestorom povodiiového rizika a
zaroven predmetom medzinarodnych rokovani. Szolgay sa venoval Gprave Dunaja pre splavnost’, ochrane
pred vel'kymi vodami, rezimu plavenin a splavenin, 'adovym javom, vodohospodarsko-ekologickym otazkam
pozdiz rieky a neskor aj problémom siivisiacim so siistavou vodnych diel Gabéikovo — Nagymaros.

Délezitou stdastou jeho prace bola pedagogicka a $koliaca ¢innost. Vo VUVH posobil ako $kolitel
a$pirantov, na SVST externe prednasal predmet Kvantitativna hydromorfolégia a podielal sa aj na skagobnych
komisidch a odbornej priprave mladsich pracovnikov. Publikoval odborné prace, podiel’al sa na uc¢ebniciach,
technickych sprievodcoch, monografii o Dunaji, spravach VUVH a vysokoskolskych skriptach. Jeho texty a
vyskumné spravy mali prakticky ciel’: sprostredkovat’ poznanie tak, aby mohlo sluzit d’alSiemu meraniu,
projektovaniu, rozhodovaniu a ochrane izemia.
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Osobnostne vystupuje Jan Szolgay ako clovek pracovity, vecny, odborne naro¢ny a zaroven bytostne
orientovany na sluzbu praxi. Sdm svoj pracovny pristup charakterizoval slovami, Ze sa usiloval robit’ prace
systémovo, komplexne a interdisciplinarne. Tato veta vystizne zhiia jeho odborny profil. Neuspokojoval sa s
jednoduchym vypoctom ani s izolovanym technickym rieSenim. Hl'adal stvislosti medzi prietokom,
sedimentom, korytom, vodnym dielom, povodiiou, krajinou a ¢lovekom.

Za svoju pracu ziskal viaceré odborné uznania vratane oceneni za rieSenie uloh suvisiacich s Dunajom a
za Statnu ulohu Nitra. Uznanie mu vyjadrili odborné hydrologické organy, Slovenska vysoké skola technicka,
partnerské vodohospodarske institucie i rezort vodného hospodarstva. Tieto ocenenia vSak vystihuju len cast’
jeho odkazu. Este ddlezitejSie je, ze pomohol vytvorit’ vyskumnt liniu, na ktort nadvizovali d’al$i odbornici
— medzi nimi spolupracovnici ako BlaZzej Nather, Alzbeta Stancikova, a jeho doktorandi Katarina Holubova
¢1 Martin Misik.

Pri storo¢nici jeho narodenia si preto nepripominame iba jedného vyznamného vyskumnika. Pripominame
si aj tradiciu slovenskej vodohospodarskej odbornosti, ktora stila na terénnom merani, dlhodobom
pozorovani, technickej presnosti a ucte k rieke ako k zivému systému. Ing. Jan Szolgay, CSc., zostava v
dejinaich VUVH a vodného hospodarstva ako osobnost’, ktora vedela rieky ¢&itat v ich pohybe, tvare,
sedimentoch, rizikach aj moznostiach. Jeho odkaz je aktudlny aj dnes, ked’ znovu hl'adame rovnovahu medzi
vyuzivanim riek, ochranou pred povodiami, ekologickou stabilitou a reSpektom k prirodzenym procesom
vodnej krajiny. V Case, ked’ sa tento pojem eSte bezne nepouzival, riesil otdzky, ktoré st dnes v centre
moderné¢ho integrovaného manazmentu riek: synergicky vnimat vyvoj rieneho koryta, stabilitu brehov,
transport sedimentov, splavnost, povodinovu ochranu, vplyv vodnych diel, l'adovy rezim, vztah medzi
pradenim vody a tvarom toku, ale aj environmentalne dosledky zasahov do rie¢nych systémov.

prof. Ing. Jan Silar, DrSc.
9. september 1926, Usti nad Labem — 15. januéar 2007, Praha

Prof. Ing. Jan Silar, DrSc., patri k najvyznamnej$im osobnostiam &eskoslovenskej
hydrogeologie a hydrologie podzemnych vod druhej polovice 20. storocia. Jeho
odborny zivot spajal technické vodohospodarske vzdelanie, prirodovedny pohl'ad
na podzemné vody, vysokoskolsku vedu a pedagogiku, a medzinarodnt expertiznu
¢innost. V dejinach odboru hydrogeoldgie zostdva zapisany ako dlhoro¢ny
pedagdg Prirodovedeckej fakulty Univerzity Karlovej v Prahe, pokracovatel’ skoly
prof. Otu Hynieho, a ako priekopnik izotopovych metodd, najmé radiouhlikového
datovania podzemnych vod.

V roku 1951 ukonéil $tidium na CVUT ako stavebny inZinier
vodohospodarskeho smeru. Uz tito vychodiskovd kombinacia stavebného
inzinierstva a vodného hospodarstva predurcila jeho celozivotny zaujem o hrani¢né
uzemie medzi technickymi stavbami, geologickym prostredim a rezimom
podzemnych vod. V roku 1952 nastipil na novozalozenu Katedru hydrogeologie a
inZinierskej geologie Prirodovedeckej fakulty UK ako asistent prof. Hynieho. S tymto pracoviskom zostal
spojeny takmer pat'desiatpat’ rokov, teda prakticky cely svoj profesionalny Zivot. Kandidatsku pracu obhéjil
roku 1962 na tému agresivnych mineralnych vod pri priehrade Nosice na Vahu; docentom bol menovany v
roku 1965. Roku 1991 bol menovany profesorom hydrogeoldgie; po Otovi Hyniem sa stal historicky druhym
profesorom hydrogeologie na Univerzite Karlove;.

Uz Silarova skora odborna draha mala vyrazny medzinarodny rozmer. V rokoch 1957 — 1960 pdsobil ako
zahraniény expert pri projektovani 56 priehradnych nadrzi v juznej Cine. Prave skisenost’ s vodnymi stavbami
v krasovych oblastiach vyznamne ovplyvnila jeho d’al$iu orientaciu. Krasova hydrologia podzemnych vod a
hydrogeologia, hydrogeologické podmienky zakladania priehrad a vodnych stavieb a vzt'ah medzi vedou,
inzinierskym dielom a horninovym prostredim sa stali jednou z trvalych linii jeho prace.

Vyznamnu cast’ jeho vedeckého profilu tvorila regionalna hydrogeoldgia, mineralne a lie¢ivé vody a
hydrogeologia vodnych stavieb. Osobitne cenné bolo jeho chdpanie hydrogeoldgie ako discipliny, ktora
nemoze zostat’ iba pri opise pramenov alebo kolektorov. Podzemnu vodu vnimal ako sucast’ hydrologického
cyklu a dynamickt zlozku prirodného prostredia, ktora je spita s geologickou stavbou, obehom vody v krajine,
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chemickymi procesmi, technickymi zasahmi a ochranou vodnych zdrojov. Tymto pristupom vyznamne
ovplyvnil generécie Studentov aj praktickych hydrogeologov.

Mimoriadny vyznam ma jeho priekopnicka tloha v izotopovej hydroldgii. Od polovice 60. rokov sa zacal
systematicky venovat’ vyuzivaniu radionuklidov a radiouhlikovému datovaniu v hydrogeoldgii, kvartérne;j
geoldgii a pribuznych odboroch. Po pobyte v Spojenych Stdtoch na Washington State University a vo
vodohospodarskom vyskumnom stredisku v Pullmane v rokoch 1968 — 1969 rozvinul na Prirodovedeckej
fakulte UK laboratorne a metodické zazemie pre tieto nové postupy. V 70. rokoch zalozil na fakulte
medzindrodne registrované radiouhlikové datovacie laboratérium. V ceskoslovenskom prostredi iSlo o
moderny a vedecky odvazny krok: urcenie aktivity uhlika 14C umoznilo odhadovat’ dobu zdrzania
podzemnych vod, rozliSovat’ mlad¢ a starSie zlozky v kolobehu vody a presnejSie interpretovat’ pvod a vyvoj
podzemnych vod.

Silar nebol regionalnym badatel'om. Jeho praca mala zretelny medzinarodny presah. Od 70. do 90. rokov
posobil ako odbornik v rdmci Medzinarodnej agentiry pre atdmovu energiu, Medzindrodnej asociacie
hydrogeologov a programov Medzinarodného hydrologického programu UNESCO. Zucastnil sa expertiz v
mnohych krajindch sveta a aj vo vy$Som veku sa dokazal zapojit’ do moderného medzinarodného vyskumu
vratane rdmcovych programov Eurdpskej komisie. Tym prispel k tomu, ze ceskoslovenskd a ceska
hydrogeologia bola vnimana ako odbor schopny prinasat’ metodické aj praktické rieSenia na medzinarodne;j
urovni.

Mimoriadny bol aj jeho pedagogicky prinos. Pocas viac ako polstorocia prednasal klIicové predmety:
vSeobecnu hydrogeologiu, hydrauliku podzemnych vod, hydrologiu, hydrogeoloégiu v inzinierskom
stavitel'stve a izotopovu hydrolégiu. Vychoval stovky Studentov, viedol diplomové a doktorské prace a posobil
aj na Univerzite Jana Evangelistu Purkyné v Usti nad Labem. Jeho pedagogika nebola iba odovzddvanim
hotovych poznatkov. Bola Skolou pozorovania, presnosti, zodpovednosti a terénnej skusenosti.
Nezabudnutel'nou stcastou jeho ucitel'ského posobenia boli odborné exkurzie, v ktorych vedel spojit
geologické detaily, hydrologicku interpretaciu a praktické désledky pre ochranu vod alebo stavitel'stvo.

Publika¢ny odkaz Jana Silara je rozsiahly. K jeho vyznamnym dielam patria najmi u¢ebné a syntetické
prace z hydrogeoldgie, prace o regionalnej a krasovej hydrogeoldgii, Stidie o mineralnych a liecivych vodach,
prace k hydrogeologickym otdzkam vodnych stavieb a publikdcie venované radiouhlikovym a izotopovym
metddam. Za celoZivotny prinos odboru ziskal v roku 1999 Cenu Oty Hynie, ktord mu udelil Cesky komitét
Medzinarodnej asociacie hydrogeologov a Ceské asociacia hydrogeologov.

Osobnostne bol Jan Silar v spomienkach vykreslovany ako naroény, presny a zasadovy pedagog, ale
zaroven ako priatel'sky, empaticky a hlboko l'udsky ¢lovek. Bol prisny na Studentov a spolupracovnikov,
predovSetkym vSak na seba samého. Jeho odborna autorita nevychadzala z formalneho postavenia, ale z
vedomosti, skusenosti, pracovnej poctivosti a moralneho kreditu. V ociach svojich ziakov zostal ,,pdnom
profesorom* v najlepSom zmysle slova — uc¢itel'om, ktory formoval odbornost’ aj charakter. Spomienkové texty
zdoraziuju, ze iSlo o osobnost’ s nespochybnitelnym odbornym i moralnym kreditom.

V dejinach &eskoslovenskej a ¢eskej hydrogeologie predstavuje prof. Jan Silar spojovaci ¢lanok medzi
inzinierskou vodohospodarskou skolou, prirodovednou hydrogeoldgiou a modernymi izotopovymi metédami.
Jeho odkaz je v tom, ze hydrogeoldgiu chapal ako vedu i sluzbu: ako disciplinu potrebnt pre poznanie krajiny,
bezpecnost’ vodnych stavieb, ochranu liecivych a pitnych vod, rieSenie environmentdlnych problémov a
vychovu d’alSich generacii odbornikov. Zanechal po sebe nielen vedecké prace, ucebnice a laboratorium, ale
predovsetkym Skolu myslenia, v ktorej sa technickd presnost’ spajala s prirodovednou predstavivostou a
I'udskou zodpovednostou.
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Spominame
In Memoriam

FROM OUR ORIGINS TO FUTURE DIRECTIONS:
SIGNIFICANT FIGURES AND MILESTONES IN HYDROLOGY
IN CZECHOSLOVAKIA, CZECHIA AND SLOVAKIA

The paper was written to commemorate the centenary of the birth of several outstanding personalities of
Czechoslovak, Czech and Slovak hydrology. It not only recalls the individual careers, but reflects their
contributions to the synergy between service, research and education, and outlines what kind of hydrology
may be needed in the coming decades to conserve this heritage. The central message is that the history of
hydrology in this region cannot be written only as a sequence of offices, laws, institutions, plans and
publications. It was created by people who transformed measurements into knowledge, data series into
responsibility, and calculations into service.

The paper first sketches the development from organised hydrography to contemporary hydrology. Before
the establishment of Czechoslovakia, two directions coexisted: the Czech administratively centred in Prague
and the Austro-Hungarian centred in Budapest. After 1918, the State Hydrological Institute in Prague and
hydrological structures in Slovakia gave the discipline a clearer basis. Hydrology moved from recording water
stages and discharges towards water balances, probability methods, flood analyses, regionalisation, modelling
and experimental research. The State Water Management Plans (long-term water management planning
frameworks), the UNESCO International Hydrological Programme and the EU Water Framework Directive
are presented as milestones through which hydrology became part of national planning, river-basin
management, environmental protection and international cooperation.

Against this background, the paper offers short commemorative portraits of six personalities. Milan
Dzubak is recalled as a scientist, methodologist and teacher whose work on extremes, rainfall, probability
analysis and design floods helped to shape engineering hydrology. Otakar Maly represents the building of the
modern hydrological service through groundwater monitoring, data funds, technical modernisation and
methodological coordination. Jaromir (Jerry) Némec illustrates internationalisation: through his work in the
World Meteorological Organization, he helped establish operational hydrology and the transfer of
hydrological methods as a global service to society. Juraj Pacl connects hydrological service, mountain field
research, the Tatras, nature protection and UNESCO hydrological programmes. Jan Szolgay stands for
quantitative river morphology, sediment transport, the Danube, reservoirs and the understanding of rivers as
dynamic natural and technical systems. Jan Silar links water engineering, hydrogeology, university education
and isotope methods.

The portraits are not exhaustive biographies. They are lenses through which broader developments
become visible: monitoring culture, scientific methods, integration with engineering practice, international
cooperation, groundwater and sediment processes, and the widening of hydrology towards ecology,
environmental responsibility and societal decision-making.

The paper therefore combines remembrance with a programme for the future. It argues that contemporary
hydrology can no longer be defined only as the science of water movement in the environment. In the twenty-
first century it must also be a science of change, risk, resilience and public choices mediated by water. The
final reflection is addressed to new generations of hydrologists. They inherit respect for long-term
observations, field competence, methodological discipline, institutional service and public responsibility. Yet
they must work in a world shaped by climate change, land-use change, extremes, groundwater depletion,
ecosystem stress, uncertainty and new digital technologies, including artificial intelligence. Future hydrology
should be open, comparative, solution-oriented and internationally connected, but still useful for local practice
and service to society. Its task will be to link global change with local decisions, long records with urgent
action, artificial intelligence with physical understanding, and scientific excellence with ethical responsibility.
The value of hydrology will be measured not only by how well it explains water, but also by how responsibly
it helps societies live with water under changing conditions.
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VYZVY PRE HYDROLOGIU AKO VEDNY ODBOR
ZAMERANY NA HCADANIE RIESENI

Jan Szolgay !, Pavol Miklanek 2, Jan Daiihelka 3
'Narodny zistupca Medzindrodnej asociacie hydrologickych vied (IAHS); Katedra vodného hospodarstva

krajiny, SvF STU v Bratislave, Radlinského 11, 810 05, Slovenska republika
2Slovensky vybor pre Medzivladny hydrologicky program UNESCO; Ustav hydrologie SAV, v. v. i.,
Dubravska cesta 9, 841 04 Bratislava, Slovenska republika
3 Cesky narodni vybor pro hydrologii; Cesky hydrometeorologicky ustav, Na Sabatce 2050/17,
143 06 Praha, Ceska republika

Hydrologické dni tradi¢ne hodnotili stav hydrolégie v nasom regione a mali aj snahu naznacit’ smery,
ktorym by sa jej vyvoj mohol alebo priamo aj mal uberat’. Organizatori tychto Hydrologickych dni si zvolili
iny format pre tuto tradiciu. Clenovia oboch vyborov sa v nedavnej minulosti podielali na tvorbe
programovych dokumentov medzinarodnych medzivladnych a mimovladnych organizacii a boli si preto
vedomi zloZzitosti, ba priam nemoznosti obsiahnut’ vyzvy vyplyvajlce z nich v kondenzovanej podobe jedne;j
prednasky na konferencii. Vyuzivajic vymozenosti doby si najprv podiskutovali o nich aj s umelou
inteligenciou a pontkaji zaramcovanie vybranych ddlezitych programovych dokumentov ako sthrn vizii v
oblasti vodnych vied na zdklade najnovsich medzindarodnych dokumentov o vizii a stratégii.

Vedy o vode v sucasnosti Celia rozhodujlcej transformdcii: musia nad’alej vychadzat z ddékladného
pozorovania, pochopenia procesov a modelovania, zaroveil sa vSak musia stat’ viditeI'nejSou vedou
ponukajicou rieSenia pre spolocnosti, ktoré ¢elia zmene klimy, degradacii ekosystémov, demografickému
tlaku, nerovnému pristupu k vode a Coraz castejSim hydrologickym extrémom. Neddvne medzindrodné
dokumenty o vizii sa zhoduju v spolo¢nom posolstve: bezpecnost’ vodnych zdrojov uz nemozno povazovat’
za sektorovy technicky problém, ale za kI'icovu podmienku udrzateI'ného rozvoja, mieru, prosperity,
odolnosti, I'udskych prév a environmentalnej integrity.

Deviata faza Medzivladneho hydrologického programu UNESCO definuje tuto vyzvu ako potrebu ,,vedy
pre svet s bezpecnou vodou v meniacom sa prostredi, ktord kombinuje vedecky vyskum, vzdeldvanie,
udaje, spolupracu a riadenie v dlhodobom programe na roky 2022-2029 (UNESCO 2022; UNESCO 2023).
Desat’roCie ,,Veda pre rieSenia“ organizacie IAHS ide este d’alej a vyzyva hydrolégiu, aby zapajala miestnych
I'udi do jedného globalneho sveta, pricom spdja globalne hydrologické zmeny s praktickymi poznatkami
v povodiach, komunitach, inStiticidch a rozhodovacich systémoch (Arheimer et al. 2024). Podobne aj
hydrologicka vizia WMO zdoraziiuje operacny rozmer tejto transformacie: do roku 2030 by mala byt’ globalna
komunita schopna riesit’ hydrologické extrémy, dostupnost’ vody, kvalitu vody a potravinovi bezpecnost’
prostrednictvom lepsej vedy, infrastruktury, budovania kapacit a hydrologickych sluzieb (WMO 2023).

Sthrnna sprava UN-Water o SDG 6 a celosystémova stratégia OSN pre vodu a sanitaciu zdoéraziuju
naliehavost’ tym, Ze poukazuju na potrebu urychlenia nielen v oblasti tvorby poznatkov, ale aj v oblasti
koordinovanej implementacie, financovania, spravy, pristupu zalozeného na pravach a narodnych
distribu¢nych systémoch (UN-Water 2023; UN-Water 2024). Zaroven Svetova sprava OSN o rozvoji vodného
hospodarstva o vode pre prosperitu a mier dokazuje, Ze voda mdze byt zdrojom spoluprace, regionalnej
integracie a stability, ale aj faktorom zranitel'nosti, ak je zle spravovana (Program UNESCO pre hodnotenie
vodnych zdrojov 2024). Globéalna komisia pre ekonomiku vody priddva planetarnu perspektivu tym, ze
argumentuje, ze hydrologicky cyklus sa musi hodnotit’ a spravovat’ ako globalne spolo¢né dobro, ktoré spaja
modrt a zelenu vodu s klimou, biodiverzitou, potravinovymi systémami, ekonomikami a spravodlivostou
(Global Commission on the Economics of Water 2024). Strategicky program vyskumu a inovacii Water4All
preklada tento Siroky program do priorit vyskumu a inovacii v oblasti vodnej bezpe€nosti, ekosystémov,
obehového hospodarstva, infrastruktiry, spravy, zdravia a medzinarodnej spoluprace (Water4All 2022).

V tychto dokumentoch sa otvorend hydrologia a otvorena veda javi ako zakladné principy: transparentné
udaje, otvorené modely, otvorené publikovanie, otvorend infraStruktira, otvorené vzdeldvanie a ti¢ast’ nie su
okrajovymi idealmi, ale predpokladmi pre déveryhodnu, inkluzivnu a reprodukovatel'ntt vodna vedu (Dogulu,
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Vyzvy pre hydrolégiu ako vedny odbor
zamerany na hladanie rieSeni

Verbist a Mertens, 2024). V suhrne tieto dokumenty definuji ambiciu vizie vodnych vied 21. storocia:
integrovat’ zakladné hydrologické poznatky, monitorovanie, digitdlne inovacie, prevadzkové sluzby, riadenie,
vzdelavanie a zapojenie verejnosti do koherentnej discipliny ,,veda pre riesenia®, ktora je schopnd poméhat’

spolo¢nostiam prijimat’ spravodlivé, robustné a perspektivne rozhodnutia v oblasti vody v podmienkach
neistoty.

Je teda zrejmé, Ze hydroldgia v dvadsiatom prvom storo¢i sa musi stat’ viac nez len vedou o pohybe,
ukladani a premene vody. Musi sa stat’ vedou o zmenach suvisiacich s vodou, rizikach, odolnosti a
spolocenskych volbach. Jej buducou ulohou je prepojit' globalne hydrologické zmeny s miestnym
rozhodovanim, opera¢nou praxou, vzdeldvanim a verejnou zodpovednostou. To si vyZaduje disciplinu, ktora
zostane vedecky prisna, ale bude zaroven otvorend, komparativna, technologicky pokrocila, spoloc¢ensky
relevantnd a viditelI'ne uzitocna pre spolocnost’ (Arheimer et al., 2024; Kreibich et al., 2025; Fowler, Coxon a
White, 2025). Je rovnako zrejmé, ze poskytnut’ ucelent viziu je tieZ mimo moznosti uvodného ¢lanku ku
konferencii. Preto sme sa rozhodli, vyhl'adat’ dve desiatky Casopiseckych ¢lankov diskutujucich vyzvy pre
hydroldgiu a opét’ vyuzivajuc destilacné schopnosti LLM modelov utriast’ ich vizie do piatich okruhov nasej
konferencie. Chceme tym poskytnat’ iba tvodny ramec pre diskusie a nendrokujeme si pritom, samozrejme,
uplnost’ pokrytia problematiky. Nasledujuca vizia organizuje teda vyzvy pre hydrologiu do piatich vzajomne
prepojenych tém a prislusSnymi odkazmi na literataru (ktorej dostupnost’ sme si overovali).

1. Hydrologické procesy, monitorovanie a experimentialny vyskum: buducnost’ hydrologie
musi zostat’ hlboko pozorovatel’ska a experimentalna, pricom jej pozorovania musia byt
pre rozhodovanie otvorenejSie, komparativnejSie, dlhodobejsie a relevantnejsie.

e Hydroldgia musi branit’ a obnovovat svoje empirické zaklady. V ére globalnych modelov, satelitnych
udajov, strojového ucenia a digitalnych dvojc¢iat nesmie tato disciplina stratit’ svoju zavislost' od
terénnych pozorovani, experimentalnych povodi, pochopenia procesov a dlhodobého monitorovania.
Buducnost’ hydroldgie nespociva len v modeloch; zavisi od poznania toho, ¢o sa skutocne deje v
povodiach, vodonosnych vrstvach, podach, riekach, snehovych pokryvkach, mokradiach, nadrziach
a ekosystémoch.

e KTlucovou vyzvou je povazovat hydrologické observatorid, (t.j vyskumné povodia, plochy a iné
oblasti s vysokou koncentraciou pozorovani, zamerané na ziskavanie hydrologicky relevantnych
poznatkov v teréne) za strategicku vedeckt infraStrukturu, nie za volitelné akademické zariadenia.
Dlhodobé pozorovania su nevyhnutné, pretoze mnohé doélezité hydrologické zmeny su pomalé,
kumulativne a viditel'né az po desiatkach rokov, napr.: vyCerpavanie podzemnej vody, pamit’ pddnej
vlhkosti, zmeny snehového rezimu, spitna vézba vegetacie, zmeny sedimentov, trendy v kvalite vody
a koevolucia povodi. Buduce hydrologické observatoria by preto mali byt prepojené do sieti,
otvorené, interdisciplinarne a vyslovne prepojené s potrebami rozhodovania (Nasta et al., 2025; Gao
et al., 2024; Savenije, 2024).

e Hydrologické observatdria by sa mali stat’ Zivymi laboratériami pre vedu, vzdelavanie a prax. Mali
by poskytovat’ referen¢né tidaje na zistovanie vplyvov klimy a vyuzivania pddy na hydrologicky
cyklus, testovanie modelov, vzdelavanie Studentov, zapdjanie zainteresovanych stran a podporu
miestnej adaptacie. Ich hodnota porastie, ked’ budu prepojené do regionalnych a globalnych sieti,
ktoré umoznia porovnavanie réznych podnebi, fyziogeografickych regionov, sposobov vyuzivania
pody a socioekonomickych podmienok (Nasta et al., 2025; Gleason et al., 2025).

e Povodie zostava kIicovou organizacnou jednotkou, nema sa vSak vnimat’ iba ako odvodnovacia
oblast’. Je to prepojeny systém klimy, geoldgie, pddy, vegetacie, l'udi, infrastruktury a pamiiti.
Budtica hydrologia musi vnimat’ povodia ako vyvijajuce sa systémy, ktorych spravanie vyplyva z
interakcii medzi vodou, energiou, ekosystémami a spolocnostou (Savenije, 2024; Gao et al., 2024;
Kreibich et al., 2025).

e  Vyskum hydrologickych procesov sa musi stat’ komparativnej§im. Stiidie zamerané na jedno povodie
st nad’alej cenné, ale su nedostato¢né v pripade, ak spolocnost’ ¢eli regionalnym a globalnym vyzvam
v oblasti vody. Hydrolégia potrebuje Strukturované porovnania, harmonizované subory udajov,
zdiel'ané protokoly a referencné povodia, aby mohla odliSit’ miestnu Specifickost’ od v§eobecnych
principov (Nasta et al., 2025; Kratzert et al., 2024; Gleason et al., 2025).
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Hydrologicky cyklus v kontexte globalnych zmien: hydrolégia musi vysvetl’ovat’ a riadit’
kolobeh vody v meniacich sa systémoch Zeme a zaroven prekladat’ globilne zmeny do
miestne vyuZitenych poznatkov pre adaptaciu, zniZovanie rizik a udrzatel’'nost’.

e Hydrologicky cyklus je v sucasnosti zakotveny v rychlych globdlnych zmenach. Zmena klimy,
zmena vyuzivania pody, urbanizacia, vyCerpavanie podzemnych vod, degradacia ekosystémov,
demografické zmeny, dopyt po potravinach a energii a meniace sa vzorce rizik transformuji vodné
systémy vo vSetkych mierkach. Hydrologia sa preto musi stat’ vedou o zmene, nielen vedou o
stacionarnych rezimoch.

e KTlucovou intelektualnou vyzvou je prepojit globalne hydrologické zmeny s miestnymi
rozhodovacimi informéciami. Klimatické signaly, globalny nedostatok vody, meniace sa extrémy a
spitné vizby zemského systému nadobudaju spolocensky vyznam len vtedy, ak sa pretransformuju
na rozhodnutia tykajuce sa vodnych nadrzi, miest, protipovodiovej ochrany, planovania pripravy na
sucho, zavlazovania ekosystémov, rozdel'ovania vody a riadenia mimoriadnych situacii. Hydrologia
musi vyvinut’ metddy, ktoré prepoja globalne a regionalne zmeny s miestnymi projektovymi
hodnotami, prevadzkovymi pravidlami, varovnymi systémami, investicnymi rozhodnutiami a
cestami adaptacie (Fowler, Coxon a White, 2025; Hall a Murgatroyd, 2025).

e Desatrocie IAHS Panta Rhei ukazalo, ze hydroldgia musi pochopit’ nielen to, ako sa menia vodné
systémy, ale aj to, ako ich meni l'udsk4 spolo¢nost’. Buduca hydroldgia musi preto zahfiiat’ spétné
viazby medzi ¢lovekom a vodou, spravu veci verejnych, zranitelnost’, spravanie, infrastruktaru,
obhospodarovanie pddy a inStituciondlne rozhodnutia ako stcast hydrologického problému
(Kreibich et al., 2025).

e To znamend, ze hydrologia musi byt regiondlna a globalna zarovenl. Potrebuje globalne syntézy,
perspektivy zemského systému, hydroldgiu s velkymi vzorkami a infrastruktiry otvorenych dat, ale
potrebuje aj regionalnu interpretaciu, miestne znalosti a Specifikd povodi. Buducnost’ spoc¢iva vo
vnorene] hydroldgii: v porozumeni miestnym procesom a miestnym rozhodnutiam zakotvenym v
regiondlnej a globalnej komparativnej vede (Gleason et al., 2025; Nasta et al., 2025; Arheimer et al.,
2024).

e Extrémne udalosti treba tiez chapat’ ako systémové udalosti, nie iba ako Statistické vynimky.
Povodne, suchd a vodné krizy vznikaji v dosledku vzdjomného posobenia meteorologickych,
hydrologickych, infraStruktarnych, ekologickych a socidlnych procesov. Buduca hydrologia musi
preto prepojit’ nestacionarnu Statistiku, pochopenie procesov, v€asné varovanie, komunikaciu o
rizikdch a planovanie adaptacie (Hall a Murgatroyd, 2025; Alvarez-Garreton et al., 2024; Bloschl,
2022; Vogel, 2023 prednaska).

e Podzemna voda je obzvlast dolezitym prikladom skrytého problému globalnych zmien.
Neudrzatel'né vyuzivanie podzemnej vody sa ¢asto vyvija pomaly a stava sa politicky viditelnym az
vtedy, ked’ je kriza uz pokrocild. Hydrologia musi zlepsSit' monitorovanie, komunikaciu a riadenie
podzemnej vody skor, ako nastanu situacie typu ,,Day Zero* (Alvarez-Garreton et al., 2024).

e Koreniova zéna a suchozemské ekosystémy sa tiez musia dostat’ blizSie do centra hydrologického
uvazovania. Hydrologicky cyklus nie je len fyzikalny systém; je to aj biologicky a ekologicky systém.
Vegetacia, pody, korene a fungovanie ekosystémov vyrazne ovplyviiuju zadrziavanie vody,
evapotranspiraciu, tvorbu odtoku a klimatické spdtné vizby (Gao et al., 2024; Savenije, 2024).

Nové metody a informacné technolégie v hydrolégii, vratane umelej inteligencie: nové

technologie by mali urobit® hydrolégiu integrovanejSou, transparentnejSou,

porovnatel’nejSou a uZzitonejSou, musia vSak nad’alej vychadzat’” z hydrologického
chapania a otvorenej vedeckej praxe.

e Strojové ucenie, hlboké ucenie, pozorovanie Zeme, cloud computing, digitalne platformy a otvorené
data hlboko menia hydrologiu. Tieto technologie vytvaraji nové prilezitosti pre predpovede,
rozpoznavanie vzorov, asimildciu dat, hydroloégiu vel'kych vzoriek a podporu rozhodovania v
realnom Case. Zaroven vSak nutia hydrologiu, aby si ujasnila, akou vedou sa chce stat’.

e Strojové ucenie meni hydrolégiu, ale nenahradza hydrologické myslenie. Algoritmy dokazu
detegovat’ vzory a zlepsSovat’ predpovede, ale bez hydrologického uvazovania hrozi, Ze sa stant len
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vykonnymi nastrojmi na prisposobovanie kriviek. Budicou vyzvou je skombinovat’ strojové ucenie
s pochopenim procesov, fyzikdlnymi obmedzeniami, analyzou neistoty, interpretovatelnostou a
opera¢nou relevantnostou (Nearing et al., 2021; Kratzert et al., 2024).

Al by mala pomdct’ zjednotit’ hydroldgiu, nie ju d’alej fragmentovat. Slaba budicnost’ by vyuzivala
Al len na vytvéranie izolovanych prediktivnych néstrojov. Silnej$ia budticnost’ by vyuzivala Al na
pomoc pri rozvoji koherentnej vedy o terestrickej hydrosfére, spajajucej povrchovu vodu, podzemnu
vodu, sneh, vlhkost’ pody, vegetaciu, I'udské vyuzivanie vody, nadrze, atmosféru a ekosystémy do
integrovaného chépania vodného systému (Painter a Destouni, 2026; Gleason et al., 2025).
Hydrologia pracujuca s velkymi datovymi subormi je obzvlast’ dolezitd. Tato disciplina sa musi
posunut’ od izolovanej kalibracie jednotlivych povodi smerom k prenosnym modelom, zdielanym
datovym suborom a komparativnej analyze naprie¢ mnohymi povodiami. To neznamena ignorovat’
lokalne procesy. Znamena to naucit’ sa, kedy je hydrologické spravanie lokalne, kedy regionalne a
kedy vSeobecne platné (Kratzert et al., 2024; Gleason et al., 2025).

Otvorena hydrolégia je zédkladnou podmienkou pre doveryhodnu digitalnu hydrologiu. Data, kod,
predpoklady modelov, pracovné postupy a zaobchadzanie s neistotou musia byt transparentné a
opitovne pouzitel'né. Otvorena veda nie je len technickym Standardom; je to verejna zodpovednost’,
ked” hydrologické informacie ovplyviiuji bezpeCnost, investicie, pridelovanie vody a
environmentalnu spravodlivost’ (Hall et al., 2022; Schymanski a Schymanski, 2023; Dogulu, Verbist
a Mertens, 2024).

Buducnost’ hydrologie si preto vyzaduje hydrologické uvazovanie podporované umelou
inteligenciou, nie hydroloégiu nahradent umelou inteligenciou. Najsilnej$ia budicnost’ kombinuje
algoritmy s tedriou, dokazmi z terénu, odbornymi znalost’ami, povedomim o neistote a spolo¢enskou
relevanciou. Umela inteligencia by mala pomoct’ hydrolégii klast’ lepSie otazky, testovat’ SirSie
hypotézy, porovnavat’ viac systétmov a komunikovat’ neistotu uprimnejSie (Nearing et al., 2021;
Painter a Destouni, 2026).

Uplatnenie novych poznatkov v hydrolégii v sicasnej praxi vodného hospodarstva:
hydrologia musi premenit’ nové poznatky na zodpovedné hospodarenie s vodou, pri¢om si
musi zachovat’ vedecku nezavislost’, transparentnost’, uvedomenie si neistoty a verejnu
zodpovednost’ ako svoje zakladné hodnoty.

Hydrologia sa musi stat’ uzitocnejSou, bez toho aby stratila na vedeckosti. Poziadavka spoloc¢enskej
relevantnosti by nemala zredukovat’ hydroldgiu na poradenstvo alebo rutinné inZzinierstvo. Skor by
sa mala zamerat’ na vedecké otazky: Ktoré procesy su dolezité pre rozhodovanie? Ktoré neistoty st
kritické pre rozhodovanie? Ktoré mierky su prevadzkovo relevantné? Ktoré poznatky mozu skutocne
zmenit’ prax? (Hall et al., 2025; Orr et al., 2025).

Buducou tulohou hydrolégie je pomdhat' spolo¢nostiam rozhodovat o tom, ¢o je bezpecné,
udrzatel'né, spravodlivé a prevadzkovo mozné v podmienkach neistoty. To znamena podporovat’
rozhodnutia tykajuce sa povodni, sucha, zdsobovania vodou, vyuzivania podzemnej vody, vodnych
nadrzi, zavlazovania, obhospodarovania pody, ekosystémov, mestskych vodnych systémov, plavby,
vodnej energie a adaptacie na zmenu klimy (Arheimer et al., 2024; Hall a Murgatroyd, 2025).
Hydrologia musi posilnit’ svoju poziciu na pomedzi vedeckej inovéacie, politiky a praktickej ¢innosti.
Mala by poskytovat’ dokazy relevantné pre rozhodovanie, pouzitelné odhady neistoty, varovné
informacie, cesty adaptécie a dlhodobé perspektivy rizik. Jej vystupy by mali sluzit’ ako podklad pre
normy, nariadenia, planovanie infrastruktiry, riadenie mimoriadnych situacii, obnovu Zivotného
prostredia a pridel'ovanie vody (Fowler, Coxon a White, 2025; Hall et al., 2025; Orr et al., 2025).
To si vyzaduje intenzivnej$iu interdisciplinarnu spolupracu. Mnohé uzitocné hydrologické rieSenia
si vyzaduji spolupracu s vodohospodarmi, komunitami, miestnymi organmi, planovatel'mi,
pol'nohospodarmi, agenturami civilnej ochrany, dodévateI'mi verejnych sluzieb, mimovladnymi
organizaciami a tvorcami politik. Spolo¢na tvorba neoslabuje hydrolégiu; zlepSuje jej relevantnost’,
legitimitu a implementéciu (Castelli et al., 2025; Orr et al., 2025).

Hydrologia musi brat’ vazne aj otdzku spravodlivosti. Rizikd a prinosy vody nie su rozdelené
rovnomerne. Povodne, suchd, vyCerpavanie podzemnych vod, ceny vody, pristup k zavlazovaniu,
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mestska kanalizacia, financovanie adaptéacie a obnova zivotného prostredia — to vSetko ma socidlne
dosledky. Budiuca hydrolégia sa preto musi zaoberat zranitelnostou, nerovnostou, ucastou a
spravodlivostou, nielen prietokmi, zdsobami a pravdepodobnostami (Castelli et al., 2025;
D’Odorico, prednaska z roku 2025; Lall, prednéaska z roku 2022).

Tato disciplina by sa mala hodnotit’ aj na zaklade spolocenského vplyvu, nielen na zaklade
akademickej produkcie. Vedecka excelentnost’ zostava kliCova, ale hydrologia by mala uznat’ aj
prispevky k politike, varovnym systémom, normam, planovaniu, adaptécii, vzdelavaniu, verejnému
pochopeniu a znizovaniu rizik (Hall et al., 2025; Tyler et al., 2023).

Zaroven musi hydrologia branit’ pomalé poznatky v rychlo sa meniacom svete kriz. Spolo¢nost’ si
vodu casto vSima len pocas katastrof, ale spol'ahlivé hospodarenie s vodou zavisi od desatroci
monitorovania, budovania teorie, testovania modelov, inStituciondlnej pamidti a vzdelavania.
Dlhodobé¢ hydrologické poznatky su formou verejnej infrastruktiry (Nasta et al., 2025; Hall et al.,
2022).

Vzdelavanie v oblasti hydrologie a hydrologia ako sticast’ environmentalneho vzdelavania:
vzdelavanie v oblasti hydrologie musi pripravit’ nova generaciu vedecky zdatnych,
technologicky gramotnych, spolofensky zodpovednych a spolupracujucich hydrolégov,
priCom musi urobit’ z hydrologie viditePnu sucast’ environmentalnej gramotnosti
spolo¢nosti.

Buducnost’ hydrolégie zavisi od vzdelavania. Ak spolo¢nost’ ocakédva, ze hydrologovia budu riesit
vyzvy v oblasti klimatickych rizik, vodnej bezpecnosti a udrzatelnosti, musi zodpovedajucim
sposobom podporovat’ hydrologické vzdelavanie. Tato disciplina potrebuje silnejSie spolocenské
uznanie, lep$iu vzdelavaciu infrastruktiru a viditeI'nejsie kariérne cesty pre mladych hydrologov (van
Hateren et al., 2023; Tyler et al., 2023).

Vzdeldvanie v oblasti hydroldgie sa musi rozsirit'. Buduci hydrolégovia potrebuju terénne zrucnosti,
procesnu hydrologiu, Statistiku, modelovanie, umelu inteligenciu, analyzu neistoty, myslenie v ramci
zemského systému, komunikéciu, etiku, politicki gramotnost’ a prax otvorenej vedy. Musi byt
vyskolend nielen na vypocet prietokov, ale aj na pochopenie systémov, vysvetlovanie rizik,
komunikaciu neistdt a spolupracu s rozhodovatelmi (Fowler, Coxon a White, 2025; Hall et al., 2022;
Nearing et al., 2021).

Buduca generdcia hydrolégov sa musi stat’ ,prekracovatelmi hranic. Mali by byt schopni
komunikovat’ s inziniermi, ekolégmi, pldnovacmi, socidlnymi vedcami, datovymi vedcami,
manazérmi pre mimoriadne situacie, pol'nohospodarmi, dodévatel'mi verejnych sluzieb, tvorcami
politik a komunitami. Ich profesijna identita by mala spajat’ vedecku hibku so schopnostou
spolupracovat’ (van Hateren et al., 2023; Orr et al., 2025; Castelli et al., 2025).

Hydrolégia by mala byt tiez uznand ako ustredna sucast’” environmentélnej vychovy. Voda spéja
klimu, ekosystémy, potraviny, energiu, zdravie, mestd, krajinu, nebezpecenstva a spravodlivost.
Vyucba hydrolégie preto pomaha spolo¢nosti pochopit’ environmentalne zmeny konkrétnym a
miestne zmysluplnym spdsobom. Rieky, povodne, suchd, podzemné voda, vlhkost’ pody a kvalita
vody nie st abstraktnymi vedeckymi témami; st to kazdodenné rozhrania medzi 'ud’'mi a meniacim
sa systémom Zeme (Arheimer et al., 2024; Kreibich et al., 2025; Gao et al., 2024).

Otvorend hydroldgia mdze podporit’ vzdelavanie tym, Ze spristupni udaje, modely, nastroje a
pripadové stadie. Otvorené subory udajov a reprodukovatelné pracovné postupy umoziuju
Studentom ucit’ sa z realnych systémov a inStiticiam s menej zdrojmi umoziuju plnsie sa podiel’at
na globalnej hydrologickej vede (Hall et al., 2022; Schymanski a Schymanski, 2023; Dogulu, Verbist
a Mertens, 2024).

Vzdelavanie musi zahfiiat’ aj zodpovednost’. Hydrologovia by mali chapat’, ze ich praca ovplyviiuje
bezpecnost, investicie, ekosystémy, zivobytie a spravodlivost’. Mali by byt’ vyskoleni, aby uprimne
komunikovali neistotu, vyhybali sa faloSnej presnosti, reSpektovali miestne znalosti a uznavali etické
dosledky rozhodnuti tykajacich sa vody (Hall et al., 2025; Castelli et al., 2025; D’Odorico, 2025
prednaska).
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Zaver

Hydrologia v dvadsiatom prvom storo¢i sa musi stat’ otvorenou, komparativnou a na rieSenia orientovanou
vedou o suchozemskom vodnom systéme. Musi prepojit’ globalne hydrologické zmeny s miestnymi
rozhodnutiami, dlhodobé pozorovania s nalichavymi opatreniami, umeld inteligenciu s fyzikdlnym
pochopenim a vedecku excelentnost’ so spoloc¢enskou zodpovednostou. Musi budovat’ regionalne a globalne
vedomostné Struktury, podporovat’ politiku a operanu prax, investovat’ do vzdelavania a vazne sa zaoberat’
spravodlivostou a doverou verejnosti. Jej buduca hodnota sa bude merat’ nielen tym, ako dobre vysvetluje
vodu, ale aj tym, ako zodpovedne poméha spolo¢nostiam zit’ s vodou v podmienkach zmien.
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ABSTRAKT

V lesoch Zéapadnych Tatier prebiehaju v poslednych priblizne pitnastich rokoch vyznamné zmeny, suvisiace
s veternymi kalamitami, premnozenim podkérneho hmyzu, suchom, odumieranim starych porastov, tazbou,
a regeneraciou zasiahnutych ploch. V povodi Jaloveckého potoka, ktoré je z hl'adiska prirodnych pomerov
reprezentativnym uzemim pre malé vysokohorské povodia Zépadnych Tatier, tieto zmeny do roku 2021
zasiahli priblizne Stvrtinu plochy pdvodného lesa. Les s dominanciou smreka oby¢ajného pokryval 44%
plochy povodia. Odumieranie a regeneracia lesa prebiehaju prirodzene, tazba bola v tomto povodi minimélna.
Vplyv odumierania lesa na hydrologicky cyklus sme hodnotili v mierke povodia (charakteristiky odtoku)
a v mierke vyskumnej plochy (rozdiel v intercepcii, indexe listove] plochy, povrchovom odtoku, zdrojoch
a priemernej dobe zdrzania vody v péde medzi stanovistami s roznym stavom lesného porastu). Zmeny
lesnych porastov v povodi zacali byt’ viditeI'né po roku 2012. Analyza dennych prietokov z hydrologickych
rokov 1988-2022 ukazala zvySenie minimalnych dennych prietokov (1-, 3-, 7-, 30-, 90-denné minimum) od
roku 2016, narast ro¢ného maxima v rokoch 2017-2019, vyssie hodnoty indexu privalovosti a poctu zmien
prietoku za rok. V obdobi 2011-2022 sa zvysila pocetnost’ vyskytu prietokov s malou aj vysokou pravde-
podobnost’'ou prekrocenia.

Podl'a merani na vyskumnej ploche (2022-2025) dosahoval index listovej plochy podrastu v obdobi sezénneho
maxima najvyssie hodnoty (4-5) na ploche s prebiehajucou regeneraciou (CuCoriedka, malina, nastupujuca
jarabina, viacero druhov bylin). Tieto hodnoty sii podobné hodnotam ziskanym pre zivy smrekovy porast
(priemer 4.8, malé sezonna variabilita). Na nezmenenej otvorenej ploche s dominantnym porastom ¢ucoriedky
mal index listovej plochy maximalnu hodnotu 3. Podobné hodnoty (priemer 2.8) boli zistené na stanovisti
s odumretymi suchymi smrekmi. V teplej Casti roka (jun-september) vznikal na vSetkych plochach povrchovy
odtok, ale jeho velkost’ bola iba niekol’ko percent z thrnu dazd’a, ktory ho vyvolal (0-17%, priemer 3%).
Rozdiely v povrchovom odtoku medzi stanovistami s r6znym stavom lesa boli malé. V priebehu obdobia
2022-2024 sa v suvislosti s rozvojom vegetacie na obnovujucej sa ploche a odumieranim zivého smrekového
porastu vyrovnavali. V zivom smrekovom poraste a na vol'nej ploche s nezmenenym porastom sa povrchovy
odtok zacinal v priemere neskor a trval kratsie, ako na stanovistiach s obnovujucim sa porastom, ale rozdiely
boli nevyznamné. Rychla reakcia povrchového odtoku a vlhkosti pddy a vel'ké mnozstvo zrazok, ktoré po
dazdi infiltrovalo do pody, kontrastuji sovela dlhSou priemernou dobou zdrzania vody v pode,
dokumentovanou analyzami obsahu stabilnych izotopov v zrazkach a v pode v hibke 30-40 cm. Po snehovo
dobrych zimach bola v pdde izotopicky I'ahsia voda z roztopeného snehu pritomna aj na konci jina, kym po
snehovo slabej zime 2025 bola v pdde izotopicky tazSia voda uz na konci aprila. Podl'a izotopickych tidajov
zostava voda v pode priblizne 3-4 mesiace.
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ABSTRACT

Over the past approximately fifteen years, the forests of the Western Tatra Mountains have undergone
substantial transformations driven by wind disturbances, bark beetle outbreaks, drought, dieback of old stands,
limited timber extraction, and subsequent regeneration processes. In the Jalovecky Creek catchment—
representative of small headwater catchments of the Western Tatras—these changes had affected roughly 25%
of the original forest area by 2021. Prior to disturbance, the spruce dominated forest covered 44% of the
catchment. Forest dieback and regeneration in the catchment have proceeded through natural processes, with
only negligible logging.

To assess the hydrological implications of forest dieback, we evaluated changes at both the catchment scale
(runoff characteristics) and the plot scale (canopy interception, leaf area index, overland flow, soil water
sources and mean residence time across sites with differing forest conditions). Detectable forest changes began
to emerge in the catchment after 2012. Analysis of daily discharge records from hydrological years 1988—
2022 revealed increases in minimum daily flows (1-, 3-, 7-, 30- , and 90- days minima) since 2016, elevated
annual maxima during 2017-2019, higher values of the flashiness index and increased number of flow
reversals. Flows with the lowest and highest probabilities of exceedance were more frequent in 2011-2022
compared to previous periods.

Measurements at research plots (2022—2025) showed that the understorey leaf area index (LAI) reached its
highest seasonal maxima (4-5) in regenerating areas covered by dominated by European blueberry, red
raspberry, young rowan and diverse herbaceous species. These maximum values were comparable to those of
the original spruce stands (mean LAI 4.8, low seasonal variability). In contrast, open areas dominated by
European blueberry exhibited a maximum LAI of 3, while sites with dead standing spruce showed similar
values (mean 2.8).

The overland flow during the warm season (June—September) was formed at all sites, but represented only a
small fraction of event rainfalls (0—17%, average 3%). Differences among the sites were minor and diminished
further between 2022 and 2024 as the vegetation developed in regenerating areas and as dieback progressed
in formerly intact spruce stands. The overland flow in the living spruce and in the unchanged open area sites
typically appeared later and lasted less than in regenerating sites, although these differences were very small.
Despite rapid responses of the overland flow and soil moisture to rainfall, and substantial water infiltration
during the events, isotopic analyses revealed longer mean residence times of the soil water, i. e. about 3-4
months at the depth of 30—40 cm. Isotopically lighter snowmelt water persisted in the soil until late June
following snow rich winters, whereas after the snow poor winter of 2025, isotopically heavier water was
already present in the soil in late April.
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ABSTRAKT

Vyznamnym zasahom do prirodzeného hydrologického rezimu na Slovensku je uzivanie vod. V zmysle
zédkona €. 364/2004 Z. z. o vodach ide o ¢innost’, ktora musi byt vykondvana tak, aby bolo zabezpecené trvalo
udrzatel'né a hospodarne vyuzivanie vodnych zdrojov a zaroven zachovany alebo zlepseny stav vod a vodnych
ekosystémov. V prispevku uvddzame niektoré vysledky vyskumnej préace, ktord sa zaobera kvantifikaciou
ovplyvnenia zapri¢ineného uzivanim vody na tokoch. Toto ovplyvnenie sa prejavuje najmid zmenami
prietokovych pomerov v désledku odberov a vypustania vod.

Vysledky st prezentované v povodi toku Moravy, ktory je hranicnym tokom. Hydrologicky rezim tohto toku
je dlhodobo monitorovany a vykazuje vyraznu variabilitu prietokov vratane obdobi sucha a povodni, ¢o
podciarkuje vyznam jeho hodnotenia z hl'adiska antropogénnych zdsahov. Pre stanovenie miery ovplyvnenia
boli pouzité¢ tdaje o uzivani vody z oznamovacej povinnosti a udaje z kvantitativnej vodohospodarske;
bilancie povrchovych vod v zmysle vodného zakona (§29 a §6). Kvantitativna vodohospodarska bilancia
povrchovych vdd hodnoti vztah medzi poziadavkami na vodu s dostupnymi vodnymi zdrojmi v bilanénych
profiloch. V 9 bilan¢nych profiloch sa hodnotila miera ovplyvnenia dlhodobych prietokov za rozne obdobia
pocas obdobia 1976 - 2023 s dérazom na obdobie 1991 - 2020, ktoré by malo nahradit’ reprezentativne
obdobie 1961 - 2000. Vysledné hodnoty miery ovplyvnenia dlhodobych prietokov za obdobie 1991 - 2020 su
nizsie ako 5 %, resp. 10 % vo vacsine bilancnych profiloch.

Na zaklade vysledkov bude mozné doplnit’ siet’ neovplyvnenych vodomernych stanic o bilan¢né profily pre
stanovenie dlhodobych hydrologickych charakteristik za obdobie 1991 - 2020, ako aj doplnit’ podklady
pre kvantifikaciu dosledkov klimatickej zmeny v profiloch ovplyvnenych uzivanim vody.
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ABSTRACT

A significant intervention in the natural hydrological regime in Slovakia is the use of water. According to Act
No. 364/2004 Coll. on waters, this is an activity that must be carried out in such a way as to ensure the
sustainable and efficient use of water resources while simultaneously preserving or improving the status of
water bodies and aquatic ecosystems. In this paper, we present selected results of research focused on
quantifying the impacts of water use on river systems. This impact is manifested mainly through changes in
streamflow regimes resulting from water abstractions and wastewater discharges.

The results are presented for the Morava River basin, which is a boundary stream. The hydrological regime
of this river has been monitored for a long time and shows significant variability in flow rates, including
periods of drought and floods, which highlights the importance of its evaluation in terms of anthropogenic
pressures. To determine the degree of impact, data on water use from the reporting obligations and data from
the quantitative water balance of surface waters pursuant to the Water Act (§29 and §6) were used. The
quantitative water balance of surface waters evaluates the relationship between water requirements and
available water resources in water balance profiles. In nine water balance profiles, the degree of impact on
long-term flows was assessed for various periods during the period 1976-2023, with an emphasis on the period
1991-2020, which is intended to replace the representative period 1961-2000. The resulting values of the
degree of impact on long-term flows for the period 1991-2020 are generally below 5%, and in most profiles
do not exceed 10%.

Based on the results, it will be possible to expand the network of unaffected water gauging stations with water
balance profiles for the determination of long-term hydrological characteristics for the period 1991-2020, as
well as to enhance datasets used for assessing the impacts of climate change in profiles influenced by water
use.
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ABSTRAKT

V kalendarnom roku bola v povodiach Slovenska na zdklade operativnych udajov dosiahnutd hodnota
priemerného thrnu zrdzok na povodie 772 mm, ¢o predstavuje 101 % normalu. Na zaklade odchylok roénych
uhrnov atmosférickych zrdzok od normaélu (1991 - 2020) bol rok vyhodnoteny ako normélny. Z pohl'adu
teploty vzduchu boli ako mimoriadne podnormalne mesiace vyhodnotené mesiace janudr a december; mesiace
marec, jun aoktober ako silne podnormalne; april ako podnormdlny; ostatné mesiace ako normalne,
s vynimkou mesiaca maj, ktory bol vyhodnoteny ako silne nadnormélny. Kalendarny rok 2025 bol tretim
najteplejSim v celej historii merani teploty vzduchu, prvenstvo si zachoval kalendarny rok 2024, nasledovany
rokom 2023.

V prispevku prezentujeme analyzu zameranii na minimalne priemerné denné prietoky vo vybranych
vodomernych staniciach v Statnej hydrologickej sieti Slovenského hydrometeorologického tstavu.
Hodnotenie je zaloZené na porovnani operativnych udajov z kalendarneho roka 2025 v 58 vodomernych
staniciach, ktoré sme povazovali pre toto hodnotenie za relevantné, s dlhodobymi udajmi platného
referencného obdobia 1961 - 2000. Riziko zacinajiceho sa suchého obdobia predstavuju priemerné denné
prietoky, ktoré poklesnu pod uroven Qs3zod,1961-2000. Z hodnotenych vodomernych stanic pouzitych v prispevku
boli hodnoty priemernych dennych prietokov mensie ako Q330d,1961-2000 minimalne jeden denl v kalendarnom
roku zaznamenané v 95 % vodomernych stanic. V niektorych vodomernych staniciach v povodi Vahu boli

vve

vodomernej stanici.
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ABSTRACT

For the calendar year, a basin-average precipitation total of 772 mm was recorded across the river basins of
Slovakia based on operational data, corresponding to 101% of the climatological normal. Based on deviations
of annual precipitation totals from the 1991-2020 reference period, the year was classified as normal. From
the perspective of air temperature, January and December were classified as extremely cold; March, June, and
October as very cold; April as cold; and the remaining months as near normal, except for May, which was
classified as very warm. The calendar year 2025 was the third warmest on record in the entire history of air
temperature measurements, with 2024 remaining the warmest year, followed by 2023.

In this paper, we present an analysis focused on minimum mean daily discharges at selected water gauging
stations within the state hydrological network of the Slovak Hydrometeorological Institute. The assessment is
based on a comparison of operational data from the calendar year 2025 at 58 water gauging stations,
considered relevant for this evaluation, with long-term data from the reference period 1961-2000. The onset
of drought conditions is indicated by mean daily discharges falling below the threshold value Qs3304,1961-2000.
Among the evaluated water gauging stations, mean daily discharge values below Q3304,1961-2000 Were recorded
on at least one day during the calendar year at 95% of the stations. At some gauging stations in the Vah River
basin, the lowest values of minimum mean daily discharge in the entire observation period were recorded.

Keywords: drought monitoring, mean daily discharge, 2025
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ABSTRAKT

Minimalni zlstatkovy pritok (MZP) a jakost vody jsou kli¢ovymi parametry pro ochranu vodnich ekosystému a
zajisténi udrzitelného vyuzivani vodnich zdroji. Jeho velikost by méla predstavovat pritok, ktery zajistuje
ekologické funkce toku (Zivotaschopnost ekosystémil, migraci ryb, samocistici schopnost) a umoziiuje obecné
nakladani s vodami. MZP je stanovovan na zaklad¢ vodniho zakona (¢. 254/2001 Sb. ve znéni pozdé&jsich predpist)
a pfislusného metodického pokynu z roku 1998, ktery ale vychazi vyhradné z tzv. M-dennich pritok a explicitné
nezohlediiuje pozadavky na zachovani ekologickych funkci vodnich tokd.

Pozornost byla zaméfena na 17 &istiren odpadnich vod (COV), které jsou zarovei uvedeny v Planu pro zvladani
sucha a stavu nedostatku vody pro tizemi CR. Jedna se o nejvétsi soustiedéné zdroje méstskych komunalnich
odpadnich vod s potencialné vyznamnym dopadem na jakost povrchovych vod béhem sucha. Jedna z vyzkumnych
otazek tak zni, zda by bylo mozné na zékladé analyzy jakosti povrchovych vod béhem sucha v profilech pod
vyznamnymi COV odvozovat potiebné minimalni zistatkové prittoky v fi¢ni siti tak, aby vybrané ukazatele jakosti
vody s ptijatelnou pravdépodobnosti spliiovaly zvolené limitni hodnoty.

Ke kazdé COV byl ptitazen nejbliz§i monitorovaci profil jakosti vody a vodomérna stanice s dostate¢né dlouhymi
casovymi fadami a rozsahy sledovanych parametrii. Jedna se o profily a stanice na naSich nejvyznamnéjsich
vodnich tocich Labi, Vitavé, Moravé, Berounce, Ohii, Odfe, Svratce, vétSich vodnich tocich LuZické Nise, Upé,
Bilin¢ a dvou mensich vodnich tocich Valové a Dievnici. K vysledkiim jakosti vody v monitorovacich profilech
byly pfifazeny primérné denni priitoky z nejblizSich vodomérnych stanic ¢i piepocitané pratoky podle stanovenych
analogont, pokud byly k dispozici.

Testovanymi fyzikalné-chemickymi parametry byly ukazatele pouzivané pro hodnoceni ekologického stavu
vodnich utvarti podle Ramcové smérnice o vodach (slouceniny dusiku a fosforu, kyslikové poméry, pH), vodivost,
rozpusténé a nerozpusténé latky, soli (chloridy a sirany), celkovy organicky uhlik a specifické parametry (AOX a
EDTA), v€etné termotolerantnich koliformnich bakterii. Limitni koncentrace téchto parametrti jsou urc¢eny bud’ v
ptiloze €. 3 k nafizeni vlady ¢. 401/2015 Sb. nebo jako cile pro dobry ekologicky stav vodnich ttvard, piip. nejsou
stanoveny. Velkym problémem je jejich nejednotnost.

Testovany byly prozatim ¢asové fady z let 2014-2024. Minimalni pritok vodniho toku nezbytny k udrzeni dobré
jakosti vody byl kvantifikovan pomoci pravdépodobnostniho ptistupu — logistické regrese.

Z hlediska zavislosti koncentraci ukazatelti jakosti vody na velikosti priitoku ve vodnim toku bylo mozné rozdélit
ukazatele do tii skupin: 1) ukazatele, jejichz koncentrace zpravidla roste s rostoucim pratokem (napf.
dusi¢nanovy dusik, rozpustény kyslik, nerozpusténé latky), 2) ukazatele, jejichz koncentrace zpravidla roste pfi
nizkych pratocich (napt. EDTA, vodivost, rozpusténé soli, fosfore¢nanovy fosfor, celkovy fosfor) a 3) ukazatele,
u kterych se zavislost na pritoku neprokazala (pH, AOX, BSKs, CHSKc;). Statisticka vyznamnost vztahl
UCOV Praha, COV Plzeit a COV Brno (Modiice). Logistickou regresi zde lze stanovit mezni priitoky, za kterych
nebude piekrocen limit jakosti vody s pozadovanou pravdépodobnosti. Pro jednotlivé jakostni parametry se tyto
mezni pritoky mohou lisit. V tivahu je nutné vzit i obdobi, pro které je regrese pocitana, vysledky se v nékterych
ptipadech vyznamné lisi pro suché obdobi 2014-2018 a méné suché 2019-2024. To vse by mélo byt zohlednéno
pti ptipadné dalsi diskusi nad aktualizaci metodického pokynu ke stanoveni hodnot MZP ve vodnich tocich z roku
1998.

Kruacové slova: minimalni ziistatkovy priitok, jakost vody, sucho, Cistirna odpadnich vod
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ABSTRACT

Minimum residual flow (MRF) and water quality are key parameters for protecting aquatic ecosystems and
ensuring the sustainable use of water resources. Its size should ensure a flow rate that supports the stream’s
ecological functions (ecosystem viability, fish migration, and self-purification) and enables general water
management. The MRF is determined in accordance with the Water Act and the relevant methodological guideline
from 1998, which, however, is based exclusively on so-called M-day flows and does not explicitly take into account
the requirements for maintaining the ecological functions of watercourses.

The focus was on 17 wastewater treatment plants (WWTP), which are the largest concentrated sources of municipal
wastewater, with a potentially significant impact on surface water quality during droughts. One of the research
questions is therefore whether it would be possible, based on an analysis of surface water quality during droughts
at monitoring sites downstream of major WWTPs, to determine the minimum residual flows required in the river
network so that selected water quality indicators would meet the chosen limit values with an acceptable degree of
probability.

Each WWTP was assigned the nearest water quality monitoring profile and water gauging station with sufficiently
long time series and a sufficient range of monitored parameters. These include monitoring profiles and gauging
stations on our major rivers, such as the Labe, VItava, Morava, Berounka, Ohte, Odra and Svratka, as well as some
smaller rivers. The water quality results from the monitoring profiles were paired with average daily flow rates
from the nearest flow gauging stations.

The physicochemical parameters tested included indicators used to assess the ecological status of water bodies
under the Water Framework Directive (nitrogen and phosphorus compounds, oxygen ratios, pH), conductivity,
dissolved and undissolved substances, salts (chlorides and sulphates), total organic carbon, and specific parameters
(AOX and EDTA), including thermotolerant coliform bacteria. The limit concentrations for these parameters are
specified either in Annex 3 to Government Regulation No. 401/2015 Coll. or as targets for the good ecological
status of water bodies; in some cases, they are not specified at all. A major problem is also the lack of consistency
in these values.

Time series from 2014 to 2024 have been analysed so far. The minimum streamflow required to maintain good
water quality was quantified using a probabilistic approach—logistic regression.

In terms of how water quality parameters depend on the flow rate in a watercourse, the parameters could be divided
into three groups: 1)  indicators whose concentrations generally increase with increasing flow (e.g., nitrate
nitrogen, dissolved oxygen, suspended solids), 2) indicators whose concentrations generally increase at low flow
rates (e.g., EDTA, conductivity, dissolved salts, phosphate phosphorus, total phosphorus), and 3) indicators for
which a dependence on flow rate was not demonstrated (pH, AOX, BODs, CODc;). The statistical significance of
the relationships between concentrations and flow rates has not always been demonstrated. Logistic regression can
be used here to determine the threshold flow rates at which the water quality limit will not be exceeded with the
desired probability. These flow rate limits may vary depending on the specific quality parameters. It is also
necessary to consider the period for which the regression is calculated; in some cases, the results differ significantly
between the dry period of 20142018 and the less dry period of 2019-2024.

Keywords: minimum residual flow, water quality, drought, wastewater treatment plant
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ABSTRAKT

Vodna er6zia a s nou spojené pddnodegradacné procesy predstavujii vyznamny environmentalny problém,
ktory negativne ovplyviiuje Zivotné prostredie a produkénu schopnost’ pod. Pritomnost’ vel’koploSnych parciel
ornej pody v kombinacii s vyskytom extrémnych zrdzok zvysuje nachylnost’ krajiny na erdézno-transportné
procesy a vznik bahennych povodni. Typickym prikladom takto zraniteného tzemia je Myjavska
pahorkatina, charakteristické flySovym geologickym podlozim.

Prispevok sa zameriava na posudenie u¢innosti vybudovanych protieréznych a protipovodinovych opatreni v
polnohospodarskej lokalite Kubiny (katastrdlne tzemie Sobotiste). Hlavnym cielom vyskumu bolo
stanovenie objemu povrchového odtoku, kvantifikacia straty pody sposobenej vodnou eréziou a zhodnotenie
funk¢nosti a dynamiky zanaSania existujucich zachytnych vsakovacich priekop na zéklade dlhodobého
monitoringu realizovaného v rokoch 2015, 2017, 2019 a 2026.

Pre naplnenie stanovenych ciel'ov bol v tizemi s prevahou ornej pody realizovany komplexny vyskum erézno-
transportnych procesov. Vyuzité boli bezpilotné letecké technologie (UAV) a fotogrammetrické spracovanie
snimok na vytvorenie presného digitdlneho modelu terénu (DTM), ktory sluzil na identifikaciu priestorovych
parametrov priekop. Vyska a objem priameho povrchového odtoku boli simulované metédou odtokovych
kriviek (SCS-CN) pre navrhova zrazku s dobou opakovania 10 rokov, odvodenu zo zrdzkomernej stanice
Myjava. Rocna strata pody bola stanovend prostrednictvom univerzalnej rovnice straty pody (USLE)
implementovanej v modeli USLE2D. Uvedené metodické postupy boli prepojené s dlhodobym
monitorovanim dynamiky zanaSania priekop erodovanym materidlom, pricom terénne merania boli
opakovane realizované.

Z hladiska celkového odhadu pddneho odnosu bola lokalita zaradend do kategorie s nepatrnou az lokalne
slabou intenzitou erdzie. Vysledky hydrologického modelovania potvrdili, Ze pri navrhovej zrazke s dobou
opakovania 10 rokov je potrebné zachytit' vo vrchnej priekope objem vody priblizne 2 200 m?, zatial’ ¢o
spodna priekopa by mala zachytit’ priblizne 130 m?. Vyhodnotenie opakovanych terénnych merani oboch
priekop z rokov 2015 — 2026 preukazalo realnu dynamiku akumulacie sedimentov v ¢ase a poukazalo na
postupnu stratu ich retencnej kapacity, predovSetkym pri kapacitne zatazenej vrchnej priekope. Vyskum
potvrdil, Ze liniové vsakovacie priekopy ucinne preruSuji povrchovy odtok a zachytavaji erodovany material,
¢im chrania intravilan pred bahennymi povodinami. Pre zachovanie ich dlhodobej funk¢nosti je vSak
nevyhnutné zabezpecit’ pravidelnt udrzbu a odstraiiovanie sedimentacnych nanosov

Kruicové slova: vodna erozia, povrchovy odtok, vsakovacie priekopy, USLE2D, metoda SCS-CN, bezpilotné
technolégie (UAV)

Pod’akovanie: Tato praca bola podporenda Agentiirou na podporu vyskumu a vyvoja na zaklade zmlav ¢.
APVV-23-0332, VV-MVP-24-0208, a grantovou agentirou VEGA v ramci projektu ¢. 2/0115/25.

46



Sekcia 1 Hydrologické procesy, monitoring a experimentalny vyskum
Section 1 Hydrological processes, monitoring and experimental research
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ABSTRACT

Water erosion and the associated soil degradation processes represent a significant environmental problem
that negatively affects the environment and the productive capacity of soils. The presence of large-scale arable
land plots in combination with the occurrence of extreme precipitation increases the susceptibility of the
landscape to erosion-transport processes and the occurrence of mud floods. A typical example of such a
vulnerable area is the Myjavska pahorkatina, characterized by flysch geological subsoil.

The paper focuses on assessing the effectiveness of built anti-erosion and anti-flood measures in the
agricultural area of Kubiny (cadastral area of Sobotiste). The main objective of the research was to determine
the volume of surface runoff, quantify soil loss caused by water erosion, and evaluate the functionality and
dynamics of silting of existing catchment retention ditches based on long-term monitoring carried out in 2015,
2017, 2019 and 2026.

To achieve the set goals, a comprehensive research of erosion-transport processes was carried out in an area
dominated by arable land. Unmanned aerial vehicles (UAV) and photogrammetric image processing were
used to create an accurate digital terrain model (DTM), which served to identify the spatial parameters of the
ditches. The height and volume of direct surface runoff were simulated by the runoff curve method (SCS-CN)
for a design rainfall with a recurrence period of 10 years, derived from the Myjava precipitation station.
Annual soil loss was determined using the universal soil loss equation (USLE) implemented in the USLE2D
model. The above methodological procedures were linked to long-term monitoring of the dynamics of trench
clogging with eroded material, with field measurements being repeatedly carried out.

From the perspective of the overall estimate of soil erosion, the site was classified as having a slight to locally
weak erosion intensity. The results of hydrological modeling confirmed that, for a design rainfall with a
recurrence period of 10 years, it is necessary to capture a volume of water of approximately 2,200 m? in the
upper ditch, while the lower ditch should capture approximately 130 m?. The evaluation of repeated field
measurements of both ditches from 2015-2026 demonstrated the real dynamics of sediment accumulation
over time and pointed to the gradual loss of their retention capacity, especially in the case of a capacity-loaded
upper ditch. Research has confirmed that linear retention ditches effectively interrupt surface runoff and
capture eroded material, thereby protecting urban areas from mud floods. However, to maintain their long-
term functionality, it is necessary to ensure regular maintenance and removal of sediment deposits.

Keywords: water erosion, surface runoff, retention ditches, USLE2D, SCS-CN method, unmanned aerial
vehicles (UAV)
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ABSTRAKT

Katastrofalne povodne na hornom, strednom a dolnom toku Dunaja sa zvyc¢ajne nevyskytuju sti¢asne. V roku
1897 sme sice zaznamenali vel'ké povodne na vSetkych troch tsekoch tohto toku, avSak neslo o jednu suvislu
povodiiovl vinu. Boli to dve rézne povodne, pri¢om kazdé sa viac prejavila v inej Casti rieky.

Ciel'om tejto stadie bolo zhodnotit’ pric¢iny vzniku oboch povodni a popisat’ ich ¢asovy a geograficky priebeh,
pripadne uviest’ irozsah sposobenych $kdd. Vychddzame pritom z meranych udajov, ktoré sme ziskali
vypisom zo starSich meteorologickych a hydrologickych ro€eniek, resp. publikovanych prac, ktoré sme mali
k dispozicii. Dalej sme vyuzili modelové data z vystupov z reanalyzy NOAA—CIRES-DOE 20th Century
Reanalysis Version 3 (20CRv3) a taktiez informacie z dokumentarnych udajov, ktoré sa nam podarilo ziskat’
z dobovej tlace.

Prva z dvoch velkych povodni 1897 vznikla v dosledku velkého thrnu zrazok, ktoré spadli v maji a v juni
1897 najmé v oblasti juhovychodnej Eurdpy a tiez v alpskej oblasti v strednej Eurdpe. Nérast vodného stavu
bol zaznamenany na hornom useku Dunaja. V Bratislave nastala kulminéacia 26. mdja, avSak voda tu
pravdepodobne nevystipila zo svojho koryta. Vysoku intenzitu dosiahla povodeil az na strednom a najmé na
dolnom useku Dunaja. V OrSovej povoden kulminovala okolo 10. juna (podl'a iného zdroja to bolo 6. juna), v
Braile 16. juna, v Galati 17. juna a v Tulcei az 2. jala 1897. Podl'a informécie z publikovanych prac vel'kost
tejto povodne na Dunaji v Tulcei nebola odvtedy dosial’ prekonana.

Druha vel'ka povoden 1897 na Dunaji a jeho pritokoch sa vyskytla na konci jula a v prvej polovici augusta
1897. Spodsobili ju vydatné zrazky najmé nad alpskou oblast'ou v jali (zvlast’ v dioch 26.-31. jula 1897).
Prejavila sa na hornom a strednom toku Dunaja (katastrofalne dosledky s obet’ami a mnoZzstvom napachanych
Skod mala najmé na rakaskom tizemi). V Pasove tato povodent kulminovala 1. augusta, v Linci 2. augusta, v
Bratislave 4. augusta, v Budapesti 8. augusta, v Mohaci 12. augusta a v OrSovej 21. augusta 1897. Povodne
zo znaénych jilovych zrazok zasiahli aj niektoré susedné povodia v Cechach, v Nemecku i v Pol'sku.

Kruacové slova: Dunaj, povodne, vodny stav, prietok, zrazky, dokumentarne idaje, model 20CRv3
Pod’akovanie: Tento prispevok bol podporeny projektom APVV-20-0374 DETEKTIVES.
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ABSTRACT

Catastrophic floods on the Upper, the Central, and the Lower Danube usually do not occur simultaneously.
Although major floods were recorded along all three sections of the river in 1897, they did not constitute a
single continuous flood wave. Rather, they represented two distinct flood events, each of which manifested
most prominently in different parts of the basin.

The aim of this study is to assess the driving mechanisms of both flood events, to describe their temporal and
spatial evolution, and, where possible, to document the extent of the associated damage. The analysis is based
on instrumental observations derived from historical meteorological and hydrological yearbooks,
complemented by published sources available to the authors. In addition, reanalysis data from the NOAA—
CIRES-DOE 20th Century Reanalysis Version 3 (20CRv3) were utilised, together with documentary evidence
obtained from contemporary press reports.

The first of the two major floods in 1897 resulted from exceptionally high precipitation totals during May and
June 1897, affecting predominantly the Alpine region and parts of south-eastern Europe. The increase in water
level was recorded in the upper section of the Danube. The flood peaked in Bratislava on 26 May; however,
the river likely remained within its banks at this location. Further downstream, the flood reached considerably
greater intensity, particularly along the lower Danube. At Orsova, the peak occurred around 10 June (6 June
according to an alternative source), at Braila on 16 June, at Galati on 17 June, and at Tulcea as late as 2 July
1897. According to information from published works, the flood magnitude recorded at the Tulcea gauge has
not been exceeded since then.

The second major flood occurred at the end of July and during the first half of August 1897. It was associated
with heavy precipitation over the Alpine region, particularly between 26 and 31 July 1897. This flood
primarily affected the upper and middle Danube, resulting in catastrophic consequences, including fatalities
and extensive material damage, particularly in present-day Austria. The flood peaked at Passau on 1 August,
at Linz on 2 August, at Bratislava on 4 August, at Budapest on 8 August, at Mohécs on 12 August, and at
Orsova on 21 August 1897. The intense precipitation during July also affected adjacent catchments in
Bohemia, Germany, and Poland.

Keywords: Danube River, floods, water level, discharge, precipitation, documentary data, 20CRv3 model
Acknowledgements: This contribution was supported by the APVV-20-0374 DETEKTIVES project.
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ABSTRAKT

Sledovani vodnich stavli saha do obdobi, kdy vznikla potfeba monitorovat kolisani hladin fek, a to predevsim
za Ucelem ochrany pied povodnémi a zajisténi bezpecné plavby. Nejprve byly evidovany pouze mimotadné
hydrologické jevy, zejména extrémné vysoké Ci nizké vodni stavy, zaznamenavané formou povodiovych
znacek. Postupem casu se pozorovani vodnich stavil stalo pravidelnou a systematickou ¢innosti hydrologické
sluzby.

Prispévek se zamétuje na papirové zdznamy kazdodenniho pozorovani vodnich stavii, konkrétné na vodocetna
hlaseni a limnigramy hydrologické sluzby Ceského hydrometeorologického tustavu (CHMU). Tyto
dokumenty jsou dnes soustiedény piedevsim v datovém uloZisti v Brozanech nad Ohii, dale v tstiedi CHMU
byly zfizeny vodocty na fece Labi v Mélniku, Litoméficich a Dé¢iné.

S ohledem na dlouhodobé uchovéni téchto cennych technickych a historickych materidlit byla zahajena
iniciativa na jejich pfevod do digitalni podoby. Prvnim krokem tohoto procesu je komplexni revize materialti
a vytvoreni systematického seznamu hydrologickych dokumentt, ktery nebyl k dispozici v digitalni formé.
Evidence byla doposud vedena ptevazné prostiednictvim papirové kartotéky a manualniho systému vypujcek.
Na revizi navazuje samotna digitalizace dokumentt prostiednictvim jejich skenovani. Vysledkem bude vznik
databaze digitalnich kopii vodocetnych hlaseni a limnigramt, jejimz cilem je vyrazné zvySeni dostupnosti
téchto materidlti pro védecké ucely a odbornou i laickou vetejnost. Digitalizace zaroven vyznamné piispéje
ke sniZeni rizika fyzického poskozeni ¢i ztraty originalnich dokumentt a v dlouhodobém horizontu umoziiuje
optimalizaci provoznich ndklada spojenych s jejich spravou a ochranou.

DalSim zamérem je vytézeni dat o vodnich stavech z digitalizovanych zdznamt za obdobi pted rokem 1994,
kterda CHMU u pievazné vétsiny vodomérnych stanic dosud nema k dispozici v elektronické podobg. Takto
ziskané Casové fady umozni prodlouzeni a zpfesnéni prutokovych fad vodomérnych stanic. Nova data bude
mozné vyuzit i k pitehodnoceni priitokovych dat v souladu s aktuadlnimi metodickymi postupy. Vzniklé vystupy
budou k dispozici zakazniklim hydrologické sluzby a budou rovnéz vyuzitelné pro dalsi odborné analyzy a
vyzkumné aktivity.

Kli¢ova slova: vodocetné hlageni, limnigram, Cesky hydrometeorologicky ustav (CHMU)
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ABSTRACT

Monitoring of water levels dates to back to the period when the need arose to monitor fluctuations in river
stages, primarily for flood protection and the assurance of safe navigation. Initially, only exceptional
hydrological events were recorded, especially extremely high or low water levels, documented in the form of
flood marks. Over time, water-level observation developed into a regular and systematic activity of the
hydrological service.

This paper focuses on paper-based records of daily water-level observations, specifically water-level reports
and limnigraphs of the Hydrological Service of the Czech Hydrometeorological Institute (CHMI). Today,
these documents are primarily concentrated in the data storage facility in Brozany nad Ohfi, as well as at the
CHMI headquarters in Prague and at individual branch offices of the Institute. The oldest preserved records
date back to 1851, when water gauges were established on the River Elbe in M¢lnik, Litométice and DéECin.
Regarding the long-term preservation of these valuable technical and historical materials, an initiative has
been launched to convert them into digital form. The first step in this process is a comprehensive review of
the materials and the creation of a systematic inventory of hydrological documents that had not previously
been available in digital form. Until now, records have been maintained mainly through paper card files and
a manual lending digitally.

The review is followed by the digitisation of the documents through scanning. The result will be a database
of digital copies of water-level reports and limnigraphs, the aim of which is to significantly increase the
accessibility of these materials for scientific purposes as well as for professional users and the public.
Digitisation will also substantially reduce the risk of physical damage to or loss of the original documents and,
in the long term, help optimise of operational costs associated with their management and protection.

A further objective is the extraction of water-level data from the digitised records for the period before 1994.
For most gauging stations CHMI does not yet have electronic data for this period. The resulting time series
will make it possible to extend and refine discharge records for gauging stations. The new data may also be
used to reassess discharge data in accordance with current methodological approaches. The resulting outputs
will be available to users of the hydrological service and will also be suitable for further professional analyses
and research activities.

Keywords: water-level report, limnigraph, Czech Hydrometeorological Institute (CHMI)
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ABSTRAKT

N4s tym hydrologti z brnénské pobocky Ceského hydrometeorologického ustavu (dale CHMU) se od roku
2009 vénuje kontinualnimu monitoringu podzemniho toku ficky Punkvy v systému Amatérské jeskyné (dale
AMI) v Moravském krasu. Ri¢ka Punkva vznika v centralni asti jeskynniho systému AMJ soutokem dvou
potokti — Bilé vody a Sloupského potoka, jez v této Casti jeskyné vytvotily bludisté¢ chodeb se specifickym
hydrologickym rezimem. Prave to bylo impulsem nasSeho vyzkumu — popis hydrologickych pomérii soutokové
oblasti Punkvy, nebo s nadsazkou fe¢eno, nalezeni pramene Punkvy. Proto jsme v této ¢asti jeskyné a v jejim
SirSim okoli od roku 2009 na vice nez 30 lokalitach nainstalovali tlakové sondy méfici kolisani hladiny vody
v desetiminutovém ¢asovém intervalu. Nékteré ze sond umoziuji 1 pienos dat na internet pomoci pienosovych
kabelt az 1 km dlouhych. Jako velice uzitecné pro pochopeni krasové hydrauliky se ukazalo 3D mapovani
soutokové oblasti AMJ pozemnim laserovym skenerem, a to z divodu nivelace podzemnich hladin s co
nejvetsi presnosti +/-1 cm. S timto vysoce pfesnym mapovanim jsme zapocali v roce 2013, a to ve spolupraci
s Ustavem Geoniky Akademie véd CR, pii¢emZ dnes mame k dispozici 3D model soutokové oblasti AMJ
s délkou vice nez 3 km. Opakované 3D mapovani jeskynich chodeb v syst¢ému AMJ slouzi k posouzeni
piesunu Stérkovych sedimenti po povodiovych udalostech.

V roce 2018 byla do Staré Amatérské jeskyné (dale STAM) instalovana tlakova sonda s pienosem dat na
internet. STAM je ¢ast jeskynniho systému AMJ, ktera z hydrologického hlediska ptedstavuje drenazni ptitok
Bilé vody do soutokové oblasti AMJ. Protoze charakter jeskynnich chodeb v misté instalované sondy je
piiznivy i1 pro hydrometrickd méfeni, vyhodnocujeme zde také priitokovy rezim podzemniho toku Bilé vody,
coz se ukazuje jako velice pfinosné z hlediska metodiky vyhodnocovani pritokii samotnych. Zimni
hydrologicky rezim Bilé vody je totiz v krasovém podzemi neovlivnén zamrzanim toku, jinak béznym jevem
na povrchovych tocich nejen v Moravském krasu, ale v celé CR. Vzhledem k tomu, Ze pritoky Bilé vody jiz
od roku 1968 méfime nad jejim propadanim do podzemi — limnigraficka stanice HolStejn — mame tak v rukou
nastroj k pochopeni logiky zamrzani a tani ledd na povrchovych tocich a jeho vyuZiti pro zdokonaleni
metodiky CHMU pouzivané pro vyhodnocovani zimnich pritokd.

V posledni dobé se ve spolupraci s Ceskou speleologickou spoleénosti (dale CSS) a Ceskou geologickou
sluzbou (dale CGS) ucastnime expedici do krasovych oblasti Balkanu. V roce 2024 jsme pro objevitelskou
expedici vedenou CSS zajistovali batymetrické méfeni nejvétsiho podzemniho hydrotermélniho jezera na
svété, nachazejiciho se v Albéanii. Batymetrické mapovani prob&hlo pomoci ADCP sonaru, na CHMU bé&zné
pouzivaného pro méfeni prutoka vétsich vodnich tokd. Vysledkem tohoto métenti je v prostiedi GIS vytvotena
vrstevnicova mapa 200 m dlouhého, 40 m Sirokého a az 7,5 m hlubokého jezera Neuron v propasti Atmos. V
roce 2025 jsme ve spolupraci s CSS a CGS zacali s hydrologickym vyzkumem feky Mrtvice v jejim krasovém
kafionu v pohoii Maganik v Cerné Hote. Tok Mrtvica drénuje jeskynni systém Vranstica, predstavujici
odtokovou ¢ast systému navazujiciho na 1160 m hlubokou propast Iron Deep objevenou pravé ceskymi
speleology. Zde je nasim ukolem popsani hydrologického rezimu vyvérti Mrtvice, coz znamena monitoring
kolisani hladin v¢etné vyhodnocovani priitokti Mrtvice na vice mistech jejiho povodi. Za timto ucelem jsme
zde zatim instalovali tfi malé improvizované limnigrafické stanice a provedli n€kolik hydrometrickych
méfeni.

Kli¢ova slova: Amatérska jeskyné, Punkva, hydrometrickda méteni, 3D mapovani, batymetrie, propast Atmos,
Mrtvica
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CZECH HYDROMETEOROLOGICAL INSTITUTE AND ITS HYDROLOGICAL
RESEARCH OF KARST AREAS

Stanislav Lejska !*, Barbora Spinarova !
lCzech Hydrometeorological Institute, Kroftova 43, 616 00 Brno, Czech Republic

*corresponding author: stanislav.lejska@chmi.cz

ABSTRACT

Since 2009, our team of hydrologists from the Brno branch of the Czech Hydrometeorological Institute
(hereinafter CHMI) has been continuously monitoring the underground flow of the Punkva River in the
Amatérska Cave system (hereinafter AMJ) in the Moravian Karst. The Punkva river originates in the central
part of the AMIJ cave system at the confluence of two streams — Bil4d voda and Sloupsky potok, which have
created a maze of passages with a specific hydrological regime in this part of the cave. This was the impetus
for our research — to describe the hydrological conditions of the Punkva confluence area, or, to put it more
dramatically, to find the source of Punkva. Therefore, since 2009, we have installed pressure probes at more
than 30 locations in this part of the cave and its wider surroundings to measure water level fluctuations at ten-
minute intervals. Some of the probes also allow data to be transmitted to the internet using transmission cables
up to 1 km long. 3D mapping of the AMJ confluence area using a terrestrial laser scanner has proven to be
very useful for understanding karst hydraulics, due to the levelling of underground levels with the highest
possible accuracy of approx. 1 cm. We began this high-precision mapping in 2013 in cooperation with the
Institute of Geonics of the Czech Academy of Sciences, and today we have a 3D model of the AMJ confluence
area with a length of more than 3 km. Repeated 3D mapping of cave passages in the AMJ system is used to
assess the movement of gravel sediments after flood events.

In 2018, a pressure probe with data transmission to the internet was installed in the Stara Amatérskd Cave
(hereinafter STAM). STAM is part of the AMJ cave system, which, from a hydrological point of view,
represents the drainage inflow of Bild voda into the AMJ confluence area. Because the nature of the cave
passages at the site of the installed probe is also favorable for hydrometric measurements, we also evaluate
the flow regime of the underground stream of Bil4 voda here, which proves to be very beneficial in terms of
the methodology of evaluating the flows themselves. The winter hydrological regime of Bild voda is not
affected by the freezing of the stream in the karst underground, which is otherwise a common phenomenon
on surface streams not only in the Moravian Karst, but throughout the Czech Republic. Since we have been
measuring the flow rates of Bila voda above its underground sinkhole — the limnigraphic station HolStejn —
since 1968, we have a tool for understanding the logic of freezing and thawing of ice on surface streams and
its use for improving the CHMI methodology used to evaluate winter flow rates.

Recently, in cooperation with the Czech Speleological Society (CSS) and the Czech Geological Survey (CGS),
we have been participating in expeditions to karst areas in the Balkans. In 2024, we provided bathymetric
measurements of the world's largest underground hydrothermal lake, located in Albania, for an expedition led
by the CSS. Bathymetric mapping was performed using ADCP sonar, commonly used at the CHMI to measure
the flow rates of larger watercourses. The result of this measurement is a contour map created in a GIS
environment of Lake Neuron, which is 200 m long, 40 m wide, and up to 7.5 m deep, located in the Atmos
abyss. In 2025, in cooperation with the Czech Speleological Society and the Czech Geological Survey, we
began hydrological research of the Mrtvica river in its karst canyon in the Maganik mountains in Montenegro.
The Mrtvica river drains the Vranstica cave system, which is the drainage part of the system connected to the
1,160 m deep Iron Deep abyss discovered by Czech speleologists. Our task here is to describe the hydrological
regime of the Mrtvica springs, which means monitoring water level fluctuations, including evaluating the flow
rates of Mrtvica at several locations in its catchment area. To this end, we have so far installed three small
improvised limnigraphic stations and carried out several hydrometric measurements.

Keywords: Amatérskd Cave, Punkva River, hydrometric measurements, 3D mapping, bathymetry, Atmos
Abyss, Mrtvica River
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VPLYV KONTROLOVANEJ HLADINY PODZEMNEJ VODY
NA PROCESY VODNEJ BILANCIE V LYZIMETRI
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1Ustav hydrolégie SAV, v. v. i., Dubravska cesta 9, 841 04 Bratislava, Slovenska republika
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ABSTRAKT

Zavedenie vysoko citlivych vazitelnych lyzimetrov umoznilo vel'mi presné sledovanie zloziek vodnej bilancie
podneho profilu a detailnejSie hodnotenie procesov prebiehajucich v nenasytenej zéne pddy. Lyzimetre
vybavené systémom reguldcie hladiny podzemnej vody zaroveil umoziuju priame meranie tokov na dolnej
hranici prevzdusnenej zony, najmé kapilarneho vzlinania vody z hladiny podzemnej vody a gravitacnej
perkolacie smerom k nej. Tieto procesy sa v pol'nych podmienkach ¢asto uréuju iba nepriamo, preto ich priame
meranie predstavuje vyznamny prinos pri hodnoteni vodného rezimu pod a pri overovani vysledkov
simula¢nych modelov.

V tejto stadii boli hodnotené zlozky vodnej bilancie prachovito-hlinit¢ého podneho profilu pocas roka 2023.
Merania sa uskutoc¢nili pomocou vaziteI'ného lyzimetra s regulovanou hladinou podzemnej vody, ktora bola
podas celého sledovaného obdobia udrziavana v stalej hibke 1 m pod povrchom pody. Takto bola vymedzena
zona aeracie pddneho profilu, v ktorej boli sledované zmeny zasoby vody, atmosférické vstupy a vystupy
vody, ako aj vymena vody s hladinou podzemnej vody. Skimany pddny profil bol pokryty travnym porastom,
vd’aka comu bolo mozné hodnotit’ vodnu bilanciu systému pdda — vegetacia — atmosféra v podmienkach
blizkych prirodzenému povrchu.

Udrziavanie stalej hladiny podzemnej vody si v suchsich obdobiach vyZzadovalo dopiianie vody do lyzimetra,
zatial’ ¢o v obdobiach s nadbytkom vody bolo potrebné vodu od¢erpavat’. Tento spdsob regulacie umoznil
kvantifikovat’ obojsmerné toky vody na dolnej hranici zony aeracie. Pocas sledovaného obdobia sa kapilarnym
vzlinanim dostalo z hladiny podzemnej vody do prevzdusnenej zény 162 mm vody. V opacnom smere odtieklo
gravitacnou perkoldciou smerom k hladine podzemnej vody 327 mm vody. Vysledky teda poukazuji na
prevahu zostupného toku vody, Co stviselo najméd so zrazkovo nadpriemernym charakterom roka 2023
a s dostatoénym dopiiianim vody do pddneho profilu z atmosférickych zrazok.

Stucasne boli kvantifikované aj toky vody na hornej hranici lyzimetra. Vystup vody z pddneho profilu
predstavovala aktudlna evapotranspiracia, ktora zahfia vypar z povrchu pody a transpirdciu vegetacie. Vstup
vody tvorili predovSetkym zrazky a tzv. nezrdzkova voda. Do tejto skupiny patri najma rosa, hmla, namraza
a adsorpcia vodnej pary. Zahrnutie tychto vstupov je dolezité pre presnejsie uzavretie vodnej bilancie, ked’ze
aj mensie prirastky vody moézu byt presnymi vazitelnymi lyzimetrami zachytené a vyhodnotené. Takéto
merania zaroven umoznuju rozlisit’ jednotlivé formy vstupu vody do pédneho profilu a presnejsie posudit’ ich
vyznam v celkovej bilancii.

Vysledky potvrdzuju, ze vazitelné lyzimetre s regulovanou hladinou podzemnej vody st vhodnym nastrojom
na detailné hodnotenie vodnej bilancie pdéd. Umoziuji presne stanovit nielen zrazkové vstupy a
evapotranspiracné straty, ale aj vymenu vody medzi nenasytenou a nasytenou zonou pody. Ziskané tidaje
mozu byt’ vyuzité pri hodnoteni hydrologickych procesov v podnom prostredi, pri analyze reakcie podneho
profilu na rozdielne meteorologické podmienky a pri overovani alebo spresiiovani simulaénych modelov
vodného rezimu pdd. Vyznam tychto merani spociva aj v tom, ze poskytuji experimentalne podlozené
informacie o procesoch, ktoré majui priamy vplyv na tvorbu odtoku, doplhanie zisob podzemnej vody a
dostupnost’ vody pre vegetaciu.

Krucové slova: vazitel'ny lyzimeter, kapilarny vzostup, perkolacia, evapotranspiracia

Pod’akovanie: Tato praca bola podporena projektom VEGA 2/0025/24.
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INFLUENCE OF CONTROLLED GROUNDWATER LEVEL
ON WATER BALANCE PROCESSES IN A LYSIMETER
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ABSTRACT

The introduction of highly sensitive weighable lysimeters has enabled very precise monitoring of the water-
balance components of the soil profile and a more detailed assessment of processes occurring in
the unsaturated zone of the soil. Lysimeters equipped with a groundwater-level control system also allow
direct measurement of fluxes at the lower boundary of the aeration zone, particularly capillary rise from
the groundwater level and gravitational percolation towards it. Under field conditions, these processes are
often determined only indirectly; therefore, their direct measurement represents an important contribution to
the assessment of the soil water regime and to the validation of simulation model results.

In this study, the water-balance components of a silt-loam soil profile were evaluated during 2023.
Measurements were carried out using a weighable lysimeter with a controlled groundwater level, which was
maintained at a constant depth of 1 m below the soil surface throughout the entire observation period. In this
way, the aeration zone of the soil profile was defined, within which changes in water storage, atmospheric
water inputs and outputs, and water exchange with the groundwater level were monitored. The investigated
soil profile was covered with grass, which made it possible to assess the water balance of the soil-vegetation—
atmosphere system under conditions close to a natural surface.

Maintaining a constant groundwater level required water to be supplied to the lysimeter during drier periods,
while during periods of water surplus it was necessary to pump water out. This regulation enabled
the quantification of bidirectional water fluxes at the lower boundary of the aeration zone. During the study
period, 162 mm of water entered the aeration zone from the groundwater level through capillary rise. In
the opposite direction, 327 mm of water drained by gravitational percolation towards the groundwater level.
The results therefore indicate a predominance of downward water flow, which was mainly related to
the above-average precipitation character of 2023 and the sufficient replenishment of the soil profile by
atmospheric precipitation.

Water fluxes at the upper boundary of the lysimeter were also quantified. The outflow of water from the soil
profile was represented by actual evapotranspiration, which includes evaporation from the soil surface and
transpiration by vegetation. Water input consisted primarily of precipitation and so-called non-rain water. This
category mainly includes dew, fog, hoarfrost, and water vapour adsorption. Including these inputs is important
for a more accurate closure of the water balance, since even small water gains can be detected and evaluated
by highly sensitive weighable lysimeters. Such measurements also make it possible to distinguish individual
forms of water input into the soil profile and to assess their significance in the overall balance more precisely.
The results confirm that weighable lysimeters with a controlled groundwater level are a suitable tool for the
detailed assessment of soil water balance. They make it possible to accurately determine not only precipitation
inputs and evapotranspiration losses, but also water exchange between the unsaturated and saturated zones of
the soil. The obtained data can be used to evaluate hydrological processes in the soil environment, to analyse
the response of the soil profile to different meteorological conditions, and to validate or refine simulation
models of the soil water regime. The importance of these measurements also lies in the fact that they provide
experimentally based information on processes that directly affect runoff formation, groundwater recharge,
and water availability for vegetation.

Keywords: weighable lysimeter, capillary rise, percolation, evapotranspiration
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ABSTRAKT

V sucasnosti narasta tlak na zvySovanie produkcie pol'nohospodarskych plodin, ¢o ma vplyv na mnozstvo
pouzivanych hnojiv na pddu. Zaroven je zvySovany tlak na produkciu hnojiv, ¢o okrem iného vedie k hl'adaniu
inych zdrojov Zivin pre rastliny. Cielom laboratorneho experimentu bolo zistit’ mieru vyplavovania latok z
dnovych sedimentov po pridani sladkovodnych rias obohatenych zivinami.

Laboratorny experiment v plastovych nadobach prebiehal v kontrolovanych podmienkach pri vlhkosti
vzduchu 45-50 %, teplote 20-22 °C a nastaveni svetelnych podmienok 12/12 h. Pre experiment boli vyuZzité
dnové sedimenty z VN Blatné s hustotou 2,65 t/m*, pH 7,83, fosforom (P20s) 0,227 mg/kg susiny a celkovym
dusikom 0,0698 mg/kg susiny (kontrola s oznacenim Z1). Do sedimentu boli pridané riasy Scenedesmus
obliguus, ktoré¢ boli pouzité na odstranenie Zivin z procesnej odpadovej vody z mliekarenskej vyroby
(oznacenie Z2). Obe varianty mali tri opakovania. Vstupné parametre roztoku rias boli pH 8,35, PO4>" 4,44
mg/l aNO3-N 4,31 mg/l. Riasy predstavovali podiel 2,5% objemu zmesi. Experiment prebiehal 21 dni, pricom
zmesi boli trikrat zaliate demineralizovanou vodou objemom zodpovedajucim zrazke 13 mm v rozostupe 7
dni. V pretecenej vode boli pomocou spektrofotometra DR6000 (spolo¢nost’ Hach) a prislusnych reagencii
analyzované koncentracie dusi¢nanov (NO3-N) a fosfore¢nanov (PO4>"). Vzorky sedimentu a zmesi sedimentu
a rias pred a po experimente boli analyzované v akreditovanom laboratoriu.

Z vysledkov vyplyva, Ze v oboch pripadoch koncentracie dusi¢nanov vo vyplavenej vode postupne klesali (Z1
z 113,93 na 39,13 mg/l; Z2 z 98,16 na 12,65 mg/1), zatial’ co hodnoty ortofosforecnanov vo vode narastali (Z1
z 1,01 na 1,74 mg/1; Z2 z 0,73 na 1,29 mg/l). Obsah fosforu v kontrole ako aj zmesi len mierne poklesol, pri
Z1 012 %, pri Z2 len 1%. Porovnatel'né vysledky boli aj pri celkovom dusiku, kde koncentracie poklesli o 5
(Z1), resp. 2 % (Z2). Pocas experimentu boli zistené, Ze pouzité mnozstvo rias nemalo vyznamny vplyv na
zmenu vyplavovanych zivin z pddy, 1 ked’ v pripade aj pri samotnej pdde/sedimentu a vo vode boli hodnoty
skor nizsie ako v len v samotnom sedimente.

KPucové slova: sedimenty, vyplavovanie dusika, vyplavovanie fosfore¢nanov, riasy
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ABSTRACT

Currently, there is growing pressure to increase the production of agricultural crops, which affects the amount
of fertilizer applied to the soil. At the same time, there is increasing pressure on fertilizer production, which,
among other things, leads to the search for alternative sources of plant nutrients. The aim of the laboratory
experiment was to determine the rate of leaching of substances from bottom sediments after the addition of
nutrient-enriched freshwater algae.

The laboratory experiment in plastic containers was conducted under controlled conditions at 45-50% relative
humidity, a temperature of 20-22 °C, and a 12/12-hour light cycle. Bottom sediments from the Blatné
Reservoir with a density of 2.65 t/m?, pH 7.83, phosphorus (P-0s) 0.227 mg/kg dry weight, and total nitrogen
0.0698 mg/kg dry weight (control designated Z1) were used for the experiment. Scenedesmus obliquus algae
were added to the sediment; these had been used to remove nutrients from process wastewater from dairy
production (designated Z2). Both variants had three replicates. The initial parameters of the algae solution
were pH 8.35, PO43- 4.44 mg/L, and NO3-N 4.31 mg/L. The algae constituted 2.5% of the mixture’s volume.
The experiment lasted 21 days, during which the mixtures were flushed three times with demineralized water
in a volume corresponding to 13 mm of rainfall at 7-day intervals. In the overflow water, the concentrations
of nitrates (NO3-N) and phosphates (PO43-) were analysed using a DR6000 spectrophotometer (Hach) and
appropriate reagents. Samples of sediment and mixtures of sediment and algae before and after the experiment
were analysed in an accredited laboratory.

The results show that in both cases, nitrate concentrations in the leachate gradually decreased (Z1 from 113.93
to 39.13 mg/L; Z2 from 98.16 to 12.65 mg/L), while orthophosphate levels in the water increased (Z1 from
1.01 to 1.74 mg/L; Z2 from 0.73 to 1.29 mg/L). The phosphorus content in both the control and the mixture
decreased only slightly, by 12% in Z1 and by only 1% in Z2. Comparable results were also observed for total
nitrogen, where concentrations decreased by 5% (Z1) and 2% (Z2), respectively. During the experiment, it
was found that the number of algae used had no significant effect on the change in nutrients leached from the
soil, although in the case of both the soil/sediment and the water, the values were lower than in the sediment
alone.

Keywords: sediments, leaching of nitrogen, leaching of phosphates, algae
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ABSTRAKT

Monitorovanie povrchovych a podzemnych vod na Slovensku sa vykonava na zaklade Ramcového programu
monitorovania vod Slovenska (RPM), v Sestrocnych cykloch, v zmysle Smernice Eurépskeho parlamentu
a Rady 2000/60/ES (Ramcova smernica o vode), v gescii Ministerstva Zivotného prostredia SR. Ciel'om tohto
prispevku je prezentovanie vysledkov monitorovania povrchovych a podzemnych véd so zameranim na
pesticidne latky pouzivané v polnohospodarstve. Do hodnotenia boli vyuzité¢ tidaje z databazy Suhrnne;j
evidencie o vodach na SHMU, za obdobie rokov 2015-2024. Latky stanovené nad limit kvantifikacie (LOQ)
v povrchovych apodzemnych vodach budu zaroven sluzit ako indikator polnohospodarskej c¢innosti,
v buducej revizii zraniteI'nych oblasti, v ramci pravidelného cyklu reportovania Smernice Rady 91/676/ EHS
o ochrane vdd pred znecistenim dusi¢nanmi z pol'nohospodarskych zdrojov.

V hodnoteni pesticidnych latok v povrchovych vodach boli vyuzité vysledky z monitorovania prioritnych
latok, relevantnych latok a sledovanych latok podla Vykonavacieho rozhodnutia Komisie (EU) 2025/439,
ktoré tieto latky maji zaradené v ich zoznamoch. Hodnotené boli uc¢inné latky a ich produkty rozpadu
(metabolity), ktoré s sucast’ou pripravkov na ochranu rastlin pouzivanych v pol'nohospodarstve proti roznym
neziadicim ucinkom, napr. hub a plesni (fungicidy), burin (herbicidy) a hmyzu (insekticidy) na pestovanych
plodinach. V hodnotenom obdobi bolo v 1071 monitorovacich miestach hodnotenych 79 pesticidnych latok,
pri¢om bolo vykonanych 417 137 analytickych stanoveni. Z tohto poctu len 0,6 % boli hodnoty nad LOQ, ¢o
predstavuje 2442 stanoveni (50 latok). Az 29 latok malo analyzy stanovené len pod LOQ (71 337 stanoveni).
Z celého zoznamu latok boli prekro¢ené environmentalne normy kvality (ENK) v zmysle Nariadenia vlady
SR €. 167/2015 Z. z. pre chlorpyrifos (1 prekroc¢enie), endosulfan (1 prekrocenie), alachlor (3 prekrocenia)
a izoproturdn (1 prekrocenie), v 5 miestach v ¢iastkovych povodiach Hrona, Dunaja a Vahu.

V podzemnej vode sa vysledky vyhodnocuji porovnanim s limitnymi hodnotami v zmysle Vyhlasky MZ SR
¢. 91/2023 Z. z. a Rozhodnutia Uradu verejného zdravotnictva SR. Pesticidy v podzemnej vode st sledované
v 351 objektoch §tatnej hydrologickej siete SHMU (SHS), v ktorych sa cielene sleduje 110 pesticidov a ich
metabolitov. V hodnotenom obdobi bolo v objektoch SHS odobratych 3326 vzoriek podzemnych vod,
z ktorych bolo vykonanych 196 447 analytickych stanoveni pesticidov a ich metabolitov. Z celkového poctu
bolo nad LOQ zaznamenanych 3 762 stanoveni, ¢o predstavuje 1,69 % (79 latok). Prekrocenie limitnych
hodndt bolo zaznamenané v 513 pripadoch. V hodnotenom obdobi najcastejsSie prekracovali limitné hodnoty
desetylatrazin (82 prekroceni), prometrin (73 prekroceni), glyfosat (58 prekroceni), atrazin (55 prekroceni),
terbutrin (26 prekroceni) a S-metolachlor (21 prekroceni).

Podrobnejsia analyza bola venovand hodnoteniu atrazinu a jeho metabolitov v povrchovych a podzemnych
vodach. Pouzivanie atrazinu bolo povolené len do roku 2005, napriek tomu sa v podzemnej vode stale
vyskytuje, dokonca v nadlimitnych koncentraciach. V 114 objektoch bola zaznamenand pritomnost’ atrazinu
v koncentraciach nad LOQ, pricom v 22 objektoch atrazin prekrocil limitn hodnotu. Jeho metabolit
desetylatrazin bol ukazovatelom s najvy$§im poctom prekroceni limitnej hodnoty v 24 objektoch.
V povrchovej vode boli analyzy atrazinu ajeho metabolitov vykonané v 956 monitorovacich miestach,
z ktorych koncentracie nad LOQ boli zistené v 72 miestach, pricom v nich nebola prekroc¢end ENK.

KPucové slova: povrchova voda, podzemna voda, pesticidy, u¢inna latka, metabolity
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PESTICIDES IN WATERS OF SLOVAKIA
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Jaroslava Urbancova, Zuzana Pal’uSova
! Slovak Hydrometeorological Institute, Jeseniova 17, P.O.BOX 15, 833 15 Bratislava, Slovak Republic

*corresponding author: andrea.majovska@shmu.sk

ABSTRACT

The Framework Program for Monitoring the Waters of Slovakia (RPM) is carried out in six-year cycles, in
accordance with the Directive of the European Parliament and of the Council 2000/60/EC (Water Framework
Directive), under the responsibility of the Ministry of the Environment of the Slovak Republic. The results
from the Monitoring Programme are stored in the Central Water Register database at the Slovak
Hydrometeorological Institute (SHMI). The aim of this contribution is to present the results of surface water
and groundwater monitoring with a focus on pesticide substances used in agriculture. The evaluation used
data for the period 2015-2024. Substances detected above the limit of quantification (LOQ) in surface water
and groundwater will serve also as an indicator of agricultural activity in the future revision of vulnerable
areas, within the regular reporting cycle of Council Directive 91/676/EEC concerning the protection of waters
against pollution caused by nitrates from agricultural sources.

The monitoring of priority substances, relevant substances and substances from the Watch list in accordance
with Commission Implementing Decision (EU) 2025/439 allowed the selection of pesticide substances in
surface water for this assessment. The evaluated compounds comprised active substances and their
degradation products (metabolites), which are components of plant protection products used in agriculture
against various pests, e.g. fungi and moulds (fungicides), weeds (herbicides) and insects (insecticides)
affecting cultivated crops. In the evaluated period, 79 pesticide substances were assessed at 1,071 monitoring
sites, with 417,137 analytical determinations being carried out. Of these, only 0.6% exceeded the LOQ,
representing 2,442 determinations (50 substances). As many as 29 substances were detected exclusively below
the LOQ (71,337 determinations). From the entire list of substances, environmental quality standards (EQS),
pursuant to Government Regulation of the Slovak Republic No. 167/2015 Coll., were exceeded for
chlorpyrifos (1 exceedance), endosulfan (1 exceedance), alachlor (3 exceedances) and isoproturon (1
exceedance) at 5 monitoring sites within the Hron, Danube and Vah rivers sub-basins.

In groundwater, the results are evaluated by comparing them with limit values pursuant to Decree of the
Ministry of Health of the Slovak Republic No. 91/2023 Coll. and the Decision of the Public Health Authority
of the Slovak Republic. Pesticides in groundwater are monitored in 351 sampling sites of the SHMI State
Hydrological Network (SHN), where 110 pesticides and their metabolites are monitored. In the evaluated
period, 3,326 groundwater samples were collected from SHN sites, resulting in 196,447 analytical
determinations of pesticides and their metabolites. Of the total number, 3,762 determinations exceeded the
LOQ, represents 1.69% (79 substances). Exceedances of limit values were recorded in 513 cases. In the
evaluated period, the substances most frequently exceeding the limit values were desethylatrazine (82
exceedances), prometryn (73 exceedances), glyphosate (58 exceedances), atrazine (55 exceedances), terbutryn
(26 exceedances) and S-metolachlor (21 exceedances).

Atrazine was permitted for use only until 2005, but it still occurs in groundwater, even in concentrations above
the limit. Therefore, more attention was devoted to the assessment of this substance and its metabolites in
surface water and groundwater. Atrazine concentrations above the LOQ were recorded at 114 sampling sites,
while the limit value was exceeded at 22 sampling sites. Its metabolite desethylatrazine showed the highest
number of limit value exceedances, occurring at 24 sampling sites. In surface water, atrazine and its
metabolites were analysed at 956 monitoring sites, of which concentrations above the LOQ were found in 72
sites; however, no EQS exceedances were recorded.

Keywords: surface water, groundwater, pesticides, active substance, metabolites
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KVALITA POVRCHOVEJ VODY S OHCADOM NA ELEKTRICKI'J VODIVOST,
CELKOVE MNOZSTVO ROZPUSTENYCH LATOK A pH
NA PODUNAJSKEJ NiZINE

Viera Kovacova 1", Radoslav Schiigerl!
1Ustav hydrolégie SAV, v. v. i., Dubravska cesta 9, 841 04 Bratislava, Slovenska republika
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ABSTRAKT

Chemické a biologické procesy prebiehajuce vo vode mézu vyznamne ovplyvnit’ elektrick vodivost’, celkové
rozpustené latky a pH vody. Zistila sa vieobecne rastiica tendencia tychto troch faktorov v pozdiznom profile
toku kanalov Podunajskej niziny: Komarnansky, Chotarny kanal a Gab¢ikovo-Topol'nicky kanal. Pozorovali
sme pravidelnost’ v sezonnej dynamike pH, vodivosti a celkovych rozpustenych latok. Miesto odberu vzoriek
malo vacsi vplyv na tieto faktory ako sezonna dynamika.

Boli preskimané najnovsie poznatky o su¢asnom stave a hlavnych mechanizmoch zhorSovania kvality vody,
kritériach hodnotenia a hodnotenia ovplyviiujucich faktoroch. Zmeny v atmosfére, periodicita vyskytu
extrémnych hydrologickych situécii sa v poslednych rokoch zvysuje. V prirodnych podmienkach Slovenska
sa predlzuji obdobia bez dazd’a a zvysuje sa vyskyt zraZzok extrémnej intenzity a vydatnosti. Hydrologické
extrémy sa vo vSeobecnosti prejavuju vo forme povodni a sucha. Zvyseny vyskyt sucha je novym javom.
Zmena klimy v poslednych rokoch vyrazne ovplyvnila aj extrémne sucho, povodne a kvalitu povrchovej vody.
Neantropogénna a antropogénna ¢innost’ ma vplyv na parametre hydrologického rezimu riek, ¢o moze viest’
k negativnym vplyvom na povrchovu vodu. Preto je potrebné monitorovat’ zmeny v mnoZzstve a kvalite vody
v tokoch. Ciastkovym cielom bolo zhodnotit’ eutroficky stav vody v povodi Dunaja na zaklade posudenia
fyzikalno-chemickych a mikrobiologickych ukazovatelov v sledovanom obdobi. Medzi hlavné faktory
ovplyviiujice eutrofizaciu vody patri obohatenie Zivinami, hydrodynamika, environmentalne faktory ako
teplota, slanost’, oxid uhli¢ity, elementarna bilancia, mikrobidlna a biodiverzita.

Postupné otepl'ovanie na Podunajskej nizine vedie k stavu, ktorého vplyv na odtok povrchovej vody je velky.
V tejto suvislosti je potrebné pochopit’ zmenu hydrologického rezimu, aby sa zabezpecili najlepSie nastroje
rozhodovania pre hospodarenie s vodou.

Zdroje povrchovej vody, zavislé od vel'mi nepravidelnych zrazok, sa v dosledku klimatickych zmien ¢oraz
viac obmedzuju, ¢o vedie k poklesu zrazok, zvySovaniu teploty a nasledne k vysSiemu odparovaniu. Dlhodobé
obdobia s nizkym mnozstvom zrazok v povodiach spdsobuju hydrologické sucho, ktoré sa v riekach prejavuje
ako nizke prietoky. Téato Stidia sa zamerala na Podunajskii niZinu: region, ktory je zraniteIny voci
dlhotrvajucim, viacrocnym sucham, ktoré maju znacny vplyv na zdroje podzemnej vody a ktory ¢eli rasticemu
tlaku na hospodarenie s vodou. Na posudenie stavu povrchovych vod sme urcovali index stavu celkovych
parametrov (TPSI). TPSI dosahuje hodnoty 1 — 10.

KPucové slova: kvalita vody, klimatické zmeny, hydrologicky rezim nizinnych tokoch

Pod’akovanie: Tato praca bola podporena projektom VEGA 2/0028/23 Sezonne varidcie hydrodynamickych
a morfologickych parametrov v niZinnych rastlinnych riekach.
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QUALITY OF SURFACE WATER WITH REGARD TO ELECTRICAL
CONDUCTIVITY, TOTAL DISSOLVED SOLIDS AND pH
IN THE DANUBE LOWLAND
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*corresponding author: kovacova@uh.savba.sk

ABSTRACT

Chemical and biological processes taking place in the water can significantly affect electrical conductivity,
total dissolved solids and pH of the water. A generally increasing tendency was found of these three factors
in the longitudinal profile of the water course of Danube Lowland canals: Komarnansky Canal, Chotarny
Canal, Gabc¢ikovo-Topol'niky Canal. We observed regularity in the seasonal dynamics of pH, conductivity
and total dissolved solids. The sampling location had a greater influence on the three factors, than the seasonal
dynamics.

The recent advances in current status and major mechanisms of water quality worsening, assessment and
evaluation criteria and the influencing factors were reviewed. The changes in the atmosphere, the periodicity
of the occurrence of extreme hydrological situations has been increasing in recent years. In the natural
conditions of Slovakia, periods without rain are lengthening and the incidence of precipitation of extreme
intensity and abundance is increasing. Hydrological extremes are generally manifested in the form of floods
and droughts. The increased incidence of drought is a new phenomenon.

Gradual warming on the Danubian Lowland is experiencing conditions whose impact on surface water runoff
is considerable. In this context, it is necessary to understand the hydrological regime change to provide the
best decision tools for water management.

Climate change in recent years has also greatly affected extreme drought, floods and surface water quality too.
Non-anthropogenic and anthropogenic activity have an impact on the parameters of the hydrological regime
of rivers, potentially leading to negative effects on the surface water. Therefore, monitoring changes in the
quantity and quality of water in streams is necessary. The partial aim was to evaluate eutrophic state of water
in Danube River basin following the assessment physical-chemical and microbiological indicators in
monitored period. The major influencing factors on water eutrophic include nutrient enrichment,
hydrodynamics, environmental factors such as temperature, salinity, carbon dioxide, element balance,
microbial and biodiversity.

Surface water resources, dependent on very irregular rains become increasingly limited, because of climate
change resulting in decreasing precipitations, rising temperature and consequently higher evaporation. Long-
term periods of little rain in catchment areas bring about hydrological drought that manifests in rivers as low
flows. This study has focused Danube Lowland: a region that is vulnerable to long duration, multi-annual
droughts that have substantial impacts on groundwater resources, and which is facing increasing pressures on
water management.

Generally, the physical and chemical evaluation parameters were used to assess water deterioration, mainly
temperature, pH, nutrient concentration (N and P), algal chlorophyll a, conductivity, total dissolved solids, water
transparency and dissolved oxygen. Although there are many different assessment parameters. We estimated
total parameters status index (TPSI) to assess the state of surface water. TPSI reaches values 1 — 10.

Keywords: water quality, climate change, hydrological regime of lowland canals
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ABSTRAKT

Cilem préace bylo vyhodnotit vliv riznych vstupnich podkladii na vysledné hodnoty odtokového ¢isla SCS
Curve Number (CN) a z nich odvozeny ptimy odtok. Studie se zamétuje na vliv zmén ve vyuziti uzemi (Corine
Land Cover z programu Copernicus), aktualizaci hydrologickych skupin piid a zahrnuti sklonitosti terénu jako
faktoru ovliviiyjiciho hydrologickou odezvu. Analyza byla provedena na urovni povodi 4. fadu s cilem
identifikovat citlivost vysledki na jednotlivé vstupy.
Odhad odtoku byl proveden metodou SCS CN, ktera vyjadiuje vztah mezi srazkou, retenci izemi a vyslednym
odtokem pomoci odtokového ¢isla CN. Toto ¢islo je uréeno kombinaci hydrologické skupiny pidy a typu
vyuziti izemi (Dingman, 2015).
Vstupni data zahrnuji:

e hydrologické skupiny pud (HSP, data poskytl Vyzkumny tstav monitoringu a ochrany pudy ve

variantach z roku 2007 a 2022),

e vyuziti uzemi z databdze Copernicus Corine Land Cover (CLC, z let 1990-2018),

o digitalni model reliéfu pro odvozeni sklonitosti.
Specifickym prvkem metodiky v Ceském hydrometeorologickém ustavu je zahrnuti sklonitosti terénu do
vypoctu CN, kdy jsou tzemi klasifikovana do hydrologickych skupin podle primérného sklonu (A-D). Bylo
vytvoieno n€kolik variant CN liSicich se kombinaci vstupnich dat (CLC, HSP, zahrnuti/nezahrnuti
sklonitosti). Vypocty probihaly na urovni polygont povodi 4. fadu. Pro kazdou variantu byl vypocten odtok
pro navrhovou srazku Pioo (1denni).
Analyza ukézala rozdilny vyznam jednotlivych vstupnich faktort:

e Vyuziti tzemi (CLC): zmény mezi jednotlivymi roky maji minimalni dopad na primérné hodnoty CN;
ve vetsing povodi se rozdily pohybuji do 1 %.

e Hydrologické skupiny pud: aktualizace dat HSP vedou k vyznamnéjsim zménam hodnot CN, zejména
v oblastech horni Teplé, Vitavy, MalSe, Sazavy a Javofické vrchoviny, kde bylo zaznamenano zhorSeni
infiltracnich vlastnosti ptd.

o Sklonitost a retencéni kapacita: zahrnuti sklonitosti systematicky zvySuje hodnoty CN a tim i
odhadovany odtok, vyrazné rozdily v odtoku jsou pii hodnotach CN na spodni hranici stupnice.

Zaverem lze konstatovat, Ze zatimco zmény ve vyuziti 1zemi maji na tirovni povodi 4. fadu omezeny vliv na

odtokové charakteristiky, aktualizace pudnich dat a zejména zahrnuti sklonitosti vyznamné ovliviiuji

vysledné hodnoty CN i modelovany odtok. Pro hydrologické modelovani a navrhové vypocty je proto zasadni
vénovat pozornost kvalité a aktudlnosti vstupnich dat a zvazit zahrnuti topografickych faktorti do vypoctu

CN.
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ABSTRACT

The aim of the work was to evaluate the influence of various input datasets on the resulting values of the SCS
Curve Number (CN) runoff coefficient and the direct runoff derived from it. The study focuses on the impact
of changes in land use (Corine Land Cover from the Copernicus program), updates of hydrological soil groups,
and the inclusion of terrain slope as a factor affecting the hydrological response of a catchment. The analysis
was performed at the 4™ order catchment level with the aim of identifying the sensitivity of the results to
individual inputs.

A runoff was estimated using the SCS CN method, which expresses the relationship between precipitation,
catchment retention, and runoff using the CN curve number. This number is determined by the combination
of the hydrological soil group and the type of land use (Dingman, 2015).

Input data include:

e hydrological soil groups (HSG; data provided by the Research Institute for Soil Monitoring and
Protection in variants from 2007 and 2022),

e land use from the Copernicus Corine Land Cover database (CLC, for the years 1990-2018),

o adigital elevation model used to derive terrain slope.

A specific element of the methodology at the Czech Hydrometeorological Institute is the inclusion of terrain
slope in the CN calculation, where areas are classified into hydrological groups according to average slope
(A-D). Several CN variants were created, differing in the combination of input data (CLC, HSP,
inclusion/exclusion of slope). Calculations were performed at the 4™ order catchment level polygons. For each
variant, the runoff for the design 1-day precipitation P1go was calculated.

The analysis showed different levels of importance for the individual input factors:

e Land use (CLC): changes between different years have a minimal impact on average CN values; in
most catchments, the differences are within 1%.

e Soil hydrological groups: updates to HSG data lead to more significant changes in CN values,
especially in the upper Tepld, Vltava, MalSe, Sazava, and Javoiicka Highlands regions, where a
deterioration of soil infiltration properties was observed.

o Slope and retention capacity: slope consideration systematically increases CN values and thus the
estimated runoff; significant differences in runoff occur at CN values at the lower end of the scale.

In conclusion, while land use changes have a limited impact on runoff characteristics at the level of 4" order
catchments, updates to soil data and, in particular, the slope consideration significantly affect the CN values
and the modeled runoff. For hydrological modeling and design calculations, it is therefore important to pay
attention to the quality and timeliness of input data and to consider inclusion of topographic factors in CN
values calculations.

Literature
Dingman, S. L. (2015): Physical Hydrology

Keywords: SCS CN, catchment runoff, rainfall-runoff modeling
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ABSTRAKT

Robustné regionalne klimatické projekcie v hydrologicky relevantnom rozliseni sit nevyhnutnym podkladom
pre dlhodobé planovanie vodnych zdrojov, manazment sucha a hydrologickt adaptaciu na Slovensku. V tomto
prispevku prezentujeme novu generaciu bias-korigovanych CMIP6 projekcii pre Slovensko v dennom kroku
a 1 km priestorovom rozliSeni, postaventi na 20-modelovom ensembli pre Styri scenare SSP (SSP1-2.6, SSP2-
4.5, SSP3-7.0, SSP5-8.5) v obdobi 1981-2014 (historické) a 2015-2100 (projekcie), spolu s odvodenym
systétmom 15 hydroklimatickych indexov rizika.

Bias-korekcia dennych poli teploty, zrdzok, relativnej vlhkosti a vetra bola realizovand metédou Quantile
Delta Mapping s kvantilmi voci referencnému datasetu E-OBS-v28 v kalibratnom okne 1980-2014.
Rezidualne biasy v testovanych premennych sa po korekcii znizili o 1-2 rady (priemerné absoltutne odchylky
< 0,4 °C pre teplotu, +20 % pre zradzky), pricom mesacny chod plo$nych priemerov dosiahol vysokt zhodu s
pozorovanymi hodnotami pre vsetkych 20 modelov. Downscaling z nativneho rozliSenia CMIP6 (~1,25°) na
1 km mriezku Slovenska bol vykonany v dvoch krokoch: bilinearna interpolécia s naslednou lapse-rate
korekciou (na mesacnej baze s DTR-aware detekciou zimnych teplotnych inverzii zachytavajiicou chladné
kotliny), orografickym zosilnenim zrazok a Clausius-Clapeyronovou rekorekciou relativnej vlhkosti voci
korigovanej teplote.

Vysledky pre referenéné mesté (Bratislava-Koliba, Kosice, Zilina, Bansk4 Bystrica, Poprad) a horizont 207 1—
2100 v scenari SSP5-8.5 ukazuju v Bratislave narast horticich dni (HD30) z 15,8 na 71,4 dni/rok (+352 %).
Pocet po sebe nasledujucich dni bez zrazok stupne do roku 2100 o 13 %, deficit tlaku vodnej pary sa priblizne
zdvojnasobi, o povedie k vyraznym zmenam evapotranspiracie a podnej vlhkosti vratane zmeny ich sezonne;j
distribucie. Pokles mrazovych dni zo 92 na 41 (=56 %) a takmer Uplna strata januarovej snehovej pokryvky
mozu viest’ k zmene sezonality prietokov a k nastupu hydrologického aj podneho sucha uz v skorych jarnych
mesiacoch. Letny uhrn zraZok poklesnti o ~28 %, zatial’ o zimné hrny narasti o ~15 %. Vysledky naznacuju
vyrazni zmenu hodnoét a distribucie ¢lenov hydrologickej bilancie, o prinesie zmenu hydrologického rezimu
krajiny a sezonnej distribucie prietokov.

Kruacové slova: CMIP6, bias-korekcia QDM, 1 km downscaling, Slovensko, hydroklimatické indexy, sucho,
snehova pokryvka, ensemble projekcie SSP
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ziskané cez Copernicus Climate Data Store; referencny dataset E-OBS v28 cez ECA&D.
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ABSTRACT

Robust regional climate projections at hydrologically relevant resolution are an essential basis for long-term
water resource planning, drought management, and hydrological adaptation in Slovakia. In this paper, we
present a new generation of bias-corrected CMIP6 projections for Slovakia at a daily time step and 1 km
spatial resolution, based on a 20-model ensemble for four SSP scenarios (SSP1-2.6, SSP2-4.5, SSP3-7.0,
SSP5-8.5) covering the periods 1981-2014 (historical) and 2015-2100 (projections), together with a derived
system of 15 hydroclimatic risk indices.

Bias correction of daily fields of temperature, precipitation, relative humidity, and wind was performed using
the Quantile Delta Mapping method with quantiles referenced against the E-OBS-v28 dataset within the
calibration window 1980-2014. Residual biases in the tested variables were reduced by 1-2 orders of
magnitude after correction (mean absolute deviations < 0.4 °C for temperature, £20 % for precipitation), with
the monthly cycle of areal means achieving high agreement with observed values across all 20 models.
Downscaling from the native CMIP6 resolution (~1.25°) to a 1 km grid over Slovakia was performed in two
steps: bilinear interpolation followed by a lapse-rate correction (depending on the month, with DTR-aware
detection of winter temperature inversions capturing cold basins), orographic precipitation enhancement, and
a Clausius-Clapeyron recorrection of relative humidity against the corrected temperature.

Results for reference cities (Bratislava-Koliba, Kogice, Zilina, Bansk4 Bystrica, Poprad) and the 2071-2100
horizon under the SSP5-8.5 scenario show an increase in hot days (HD30) in Bratislava from 15.8 to 71.4
days/year (+352 %). The number of consecutive dry days is projected to increase by 13 % by 2100, and vapour
pressure deficit will approximately double, leading to significant changes in evapotranspiration and soil
moisture, including shifts in their seasonal distribution. The decline in frost days from 92 to 41 (=56 %) and
the near-complete loss of January snow cover may lead to changes in streamflow seasonality and the onset of
both hydrological and soil drought as early as the spring months. Summer precipitation totals decrease by ~28
%, while winter totals increase by ~15 %. The results indicate a substantial change in the magnitude and
distribution of hydrological balance components, which will bring about a shift in the hydrological regime of
the landscape and the seasonal distribution of streamflow.

Keywords: CMIP6, QDM bias correction, 1 km downscaling, Slovakia, hydroclimatic indices, drought, snow
cover, SSP ensemble projections
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ABSTRAKT

NajstarSie odhady navrhovych hodndét zrazok, najmd vo forme IDF kriviek, mozno na tizemi Slovenska
datovat’ uz na prelome 19. a 20. storocia, teda do obdobia zaciatku systematickych zrazkovych pozorovani.
Ich vyuzitie bolo spojené prevazne s navrhom stokovych sieti v urbanizovanom prostredi. Problematike
uréovania IDF kriviek sa v minulosti venovalo viacero autorov z ré6znych vyskumnych pracovisk, pricom
pouzivané metodické pristupy sa postupne vyvijali od empirickych postupov a klasickej frekvencnej analyzy
az po moderné pristupy zaloZzené na Bayesovskej inferencii, regiondlnej frekvencnej analyze, Skalovacich
metodach a tvorbe gridovych produktov. V kontexte meniacej sa klimy a nestacionarity extrémnych zrazok
sa vSak Coraz viac zdoraziuje potreba pravidelnej aktualizacie IDF kriviek a integracie klimatickych modelov
do metodik spracovania navrhovych dazd’ov. Nasim ciel'om je predstavit’ jednak prehl'ad historickych metod
pouzivanych pri odhade navrhovych dazd’ov na tizemi Slovenska a v §irSom stredoeurdpskom priestore, ale
aj navrh metodiky na tvorbu novej generacie atlasu navrhovych hodnét dazd’a pre celé tuzemie Slovenska,
ktory bude zohl'adiiovat’ zmenu klimy. V ramci nej budt ako podklad pre odhad navrhovych hodnot dazd’a
pouzité ro¢né maxima pozorované v Statnej meteorologickej sieti pocas referencného obdobia 1995-2025,
priCom bude vyuZita staciondrna aj nestaciondrna forma GEV rozdelenia v kombinacii s hierarchickymi
Bayesovskymi modelmi. Tento pristup umozni zohl'adnit’ aj fyzikdlnu zavislost medzi rastucou teplotou
vzduchu a intenzitou extrémnych zrazok, vyplyvajicu z Clausius—Clapeyronovho vzt'ahu. Odhady budu
vycislené aj s neistotami, a to konkrétne s 90% kredibilnymi intervalmi ziskanymi Bayesovskou inferenciou
a nasledne interpolované do vysokého priestorového rozliSenia. Nésledne sa aplikujii korek¢éné faktory
odvodené z downscalovanych vystupov klimatickych modelov (CMIP6) na historické odhady navrhovych
hodnd6t. Navrhové hodnoty dazd’ov zohl'adiujuce budicnost’ st rieSené na dvoch urovniach: (i) podl'a miery
globalneho oteplenia reprezentovanej indexom globalnej teploty (Global Temperature Index - GTI) a (ii)
podla emisnych scenarov SSP. Pristup s vyuzitim GTI umozni odhad navrhovych hodnét pre definované
urovne globalneho oteplenia (napr. 1.5, 2, 3, 5 °C), zatial’ ¢o scenarovy pristup poskytne odhady pre konkrétne
buduce obdobia, napriklad 2031-2060 a 2061-2090, v rdmci scenarov SSP2-4.5 a SSP5-8.5. Navrhovana
metodika vytvara predpoklady pre systematické zohladnenie zmeny klimy a neistot odhadu pri navrhu
vodohospodarskej infrastruktary a adaptacnych opatreni.

Krucové slova: design rainfall, IDF curves, extreme precipitation, nonstationarity, climate scenarios
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ABSTRACT

The earliest estimates of design rainfall values, particularly in the form of intensity—duration—frequency (IDF)
curves, for the territory of Slovakia can be traced back to the late nineteenth and early twentieth centuries,
corresponding to the beginning of systematic precipitation observations. Their application was primarily
associated with the design of urban sewer and drainage systems. Over the past decades, the issue of IDF curve
estimation has been addressed by numerous authors and research institutions, while the applied
methodological approaches have gradually evolved from empirical procedures and classical frequency
analysis toward modern techniques based on Bayesian inference, regional frequency analysis, scaling
methods, and the development of gridded products. In the context of ongoing climate change and the
nonstationarity of precipitation extremes, increasing emphasis is being placed on the regular updating of IDF
curves and the integration of climate models into methodologies for design rainfall estimation. Our objective
is both to provide an overview of historical methods used for the estimation of design rainfall in Slovakia and
the broader Central European region, and to propose a methodology for the development of a new generation
of design rainfall atlases for the entire territory of Slovakia that explicitly account for climate change.

Within the proposed methodology, annual maxima observed at stations of the national meteorological network
during the reference period 1995-2025 will be used as the basis for design rainfall estimation. Both stationary
and nonstationary forms of the Generalized Extreme Value (GEV) distribution will be applied in combination
with hierarchical Bayesian models. This approach also enables consideration of the physical relationship
between increasing air temperature and the intensity of extreme precipitation arising from the Clausius—
Clapeyron relationship. The resulting estimates will be quantified together with uncertainties, specifically
through 90% credible intervals obtained using Bayesian inference, and subsequently interpolated to a high
spatial resolution. The proposed methodology further assumes the application of adjustment factors derived
from downscaled climate model outputs (CMIP6) to the historical design rainfall estimates. Future design
rainfall values are addressed within two complementary frameworks: (i) according to the level of global
warming represented by the Global Temperature Index (GTI), and (ii) according to SSP emission scenarios.
The GTI-based approach enables the estimation of design rainfall values for predefined levels of global
warming (e.g., 1.5, 2, 3, and 5 °C), while the scenario-based approach provides estimates for specific future
periods, such as 2031-2060 and 2061-2090, under scenarios SSP2-4.5 and SSP5-8.5. The proposed
methodology creates a framework for the systematic incorporation of climate change and estimation
uncertainty into the design of water-management infrastructure and climate adaptation measures.

Keywords: design rainfall, IDF curves, climate scenarios
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ABSTRAKT

Povodie horného Ipla na strednom Slovensku nad vodarenskou nadrzou Malinec (54,24 km?) predstavuje
strategické povodie pre zésobovanie obyvatelov pitnou vodou. Cielom tejto Stidie bolo zhodnotit
hydrologicka bilanciu tohoto povodia, kvantifikovat’ prispevok celkového/zékladného odtoku a simulovat
mozny buduci vyvoj jednotlivych zloziek odtoku v kontexte o¢akavaného vyvoja teploty vzduchu a zrazok v
povodi v dalekej budiicnosti 2080-2099. Analyza vychddza z pozorovanych hydrometeorologickych udajov
za obdobie 1995-2020 ziskanych zo Slovenského hydrometeorologického tstavu.

Hydrologické bilancia povodia bola simulovand konceptudlnym zrazkovo-odtokovym modelom BILAN v
dennom cCasovom kroku, kalibrovanym pre referencné obdobie 1995-2014 (In NS = 0,69) a verifikovanym
pre roky 2015-2020. Potencidlna evapotranspiracia bola vypocitand Oudinovou metédou. Na simuléciu
budiceho odtoku pre horizont 2080-2099 boli pouzité¢ klimatické anomadlie teploty vzduchu a zrazok z
multimodelovej zostavy CMIP6, dostupnej prostrednictvom portalu Svetovej banky, pre tri scenare SSP1-1.9,
SSP2-4.5 a SSP5-8.5.

Pri vylepSeni kalibracie modelu BILAN bol pouzity rad zakladného odtoku, ktory bol odhadnuty Killeho
metddou a automatizovanou separaciou hydrogramu pomocou softvéru BFI 3.0 s parametrami N = 15 a f =
0,9. Vysledky separacie zadkladného odtoku ukézali, Ze priemerny zdkladny odtok za obdobie 1995-2022
dosiahol 0,261 m?*/s, pricom index BFI = 0,665, ¢o potvrdzuje dominantnti llohu zdkladného odtoku pocas
nizkych prietokov v tomto malom horskom povodi. V referencnom obdobi 1995-2014 dosiahol simulovany
celkovy odtok 303,3 mm, z toho 154 mm tvoril zédkladny odtok a 149 mm priamy odtok. Aktudlna
evapotranspiracia predstavovala 498 mm pri potencidlnej evapotranspiracii 625 mm.

Scenarové simuldcie modelom BILAN pre obdobie 2080-2099 naznacuju, Ze pri minimalnych zmendch
rocnych zrazok bude viest’ narast teploty vzduchu k vyraznému zvySeniu evapotranspiracie a naslednému
poklesu odtoku. Priemerny simulovany ro¢ny odtok poklesne na 286,7 mm pri SSP1-1.9 (—=5,5%), na 257,8
mm pri SSP2-4.5 (—15,0%) a na 209,8 mm pri SSP5-8.5 (—30,8%) oproti referenénému obdobiu 1995-2014.
Pokles sa tyka nielen celkového odtoku, ale aj zékladného odtoku, priameho odtoku a minimalnych
mesacnych prietokov. NajvyraznejSie redukcie sa ocakéavaji v neskorom lete a na jesent — pri scenari SSP5-
8.5 presahuju mesacné poklesy 50% v aprili, auguste, septembri a oktobri, o signalizuje vyrazné zhorSenie
podmienok pre plnenie nadrze Malinec prave v obdobi vegetaéného sucha. Studia tiez ukazuje, Ze v povodi
bez priameho monitoringu podzemnej vody moze kombinéacia metdd separacie odtoku a konceptudlneho
hydrologického modelovania poskytnut’ prakticky zaklad pre hodnotenie procesov spojenych s podzemnou
vodou a pre planovanie zdsobovania vodou v zdrojovych oblastiach strategického vyznamu.

Kruacové slova: model BILAN, horny Ipel’, nadrz Mélinec, SSP1-1.9, SSP2-4.5, SSP5-8.5, buduci odtok
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ABSTRACT

The upper Ipel river basin in central Slovakia, located upstream of the Malinec water supply reservoir (54.24
km?), represents a strategic catchment for the public drinking water supply. The aim of this study was to
evaluate the hydrological balance of this basin, quantify the contribution of total runoff / baseflow, and
simulate the possible future development of individual runoff components in the context of expected air
temperature and precipitation trends in the distant future of 2080-2099. The analysis is based on observed
hydrometeorological data for the period 1995-2020 obtained from the Slovak Hydrometeorological Institute.
The hydrological balance of the basin was simulated using the conceptual rainfall-runoff model BILAN at a
daily time step, calibrated for the reference period 1995-2014 (In NS = 0.69) and verified for the years 2015—
2020. Potential evapotranspiration was calculated using Oudin's method. To simulate future runoff for the
2080-2099 horizon, air temperature and precipitation climate anomalies from the CMIP6 multi-model
ensemble, available through the World Bank portal, were used for three scenarios: SSP1-1.9, SSP2-4.5, and
SSP5-8.5.

To improve the calibration of the BILAN model, a baseflow series was utilized, which was estimated by Kille's
method and automated hydrograph separation using the BFI 3.0 software with parameters N =15 and f=0.9.
The results of the baseflow separation showed that the average baseflow for the period 1995-2022 reached
0.261 m?/s, with a BFI = 0.665, which confirms the dominant role of baseflow during low flow periods in this
small mountainous basin. In the reference period 1995-2014, the simulated total runoff reached 303.3 mm, of
which 154 mm was baseflow and 149 mm was direct runoff. Actual evapotranspiration accounted for 498 mm
compared to a potential evapotranspiration of 625 mm.

Scenario simulations using the BILAN model for the period 2080-2099 indicate that, with minimal changes
in annual precipitation, the rise in air temperature will lead to a significant increase in evapotranspiration and
a subsequent decrease in runoff. The average simulated annual runoff will decrease to 286.7 mm under SSP1-
1.9 (—5.5%), to 257.8 mm under SSP2-4.5 (—15.0%), and to 209.8 mm under SSP5-8.5 (—30.8%) compared
to the 1995-2014 reference period. This decrease applies not only to total runoff but also to baseflow, direct
runoff, and minimum monthly flows. The most significant reductions are expected in late summer and autumn
— under the SSP5-8.5 scenario, monthly decreases exceed 50% in April, August, September, and October,
signaling a significant deterioration of conditions for filling the Malinec reservoir precisely during the growing
season drought. The study also demonstrates that in a basin without direct groundwater monitoring, a
combination of runoff separation methods and conceptual hydrological modeling can provide a practical basis
for evaluating groundwater-related processes and for planning water supply in source areas of strategic
importance.

Keywords: soil hydraulic properties, estimation accuracy, machine learning, artificial neural network
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ABSTRAKT

Plan pro zvladani povodiiovych rizik (PpZPR) je zakladnim ndastrojem, ur€enym k plnéni hlavniho cile
smérnice EU 2007/60/ES o zvladani povodnovych rizik (déale jen ,,povodnova smérnice®), tj. sniZeni
nepfiznivych Gc¢inklti povodni na lidské zdravi, zivotni prostfedi, kulturni dédictvi a hospodaiskou ¢innost
(¢lanek 1 povodnové smérnice). V PpZPR jsou pro jednotliva povodi definovany cile zvladani povodiiovych
rizik a souhrn opatfeni k jejich dosazeni. Planovaci proces podle povodiiové smérnice probihd v Sestiletych
cyklech, kdy jeho soucasti je vzdy hodnoceni pokroku pii plnéni cilit stanovenych v pfedchozim obdobi.
V Ceské republice byly pro prvni PpZPR (platny v obdobi 2016-2021) definovany tfi zakladni cile, které jsou
stale aktualni a jsou obsazeny i1 v planech nasledujicich obdobich:
1. Zabranéni vzniku nového rizika a sniZeni rozsahu ploch v nepfijatelném riziku
2. Snizeni miry povodiiového nebezpeci
3. ZvySeni pfipravenosti obyvatel a odolnosti staveb, objektll infrastruktury, hospodaiskych a jinych
aktivit vii¢i negativnim u¢inklim povodni
Uvedené cile jsou hodnoceny z pohledu celkového pokroku, tzn. je kladen diiraz na celkovou synergii
realizovanych opatieni. Za timto ticelem byly hledany a definovany hodnotici indikatory pro jednotlivé cile a
vhodné zdroje dat pro jejich iniciaci.
Prob¢hlé planovaci cykly a v nich zpracovavané PpZPR ukézaly nckolik uskali, se kterymi je tieba se
vyporadat:
e Nc¢kdy je problematické ziskat dostatek podkladii pro stanoveni hodnot indikatorti tak, aby bylo mozné
srovnani s vychozim stavem.
e Neexistuji referen¢ni hodnoty za stejn¢ dlouhé obdobi ptred zacatkem platnosti planti prvniho cyklu.
¢ Pokud indikétory ukazuji pozitivni vyvoj v ramci daného cile, je otdzkou, jak urcit, zda je mira pokroku
dostatecna.
V ramci ptipravy novych PpZPR (pro obdobi 2028-2033) jsou proto hledany cesty, jak tato uskali vyftesit.
Analyzuji se data, kterd jsou pofizovana v sektoru vodniho hospodafstvi a nastavuji se postupy jejich sbéru
pro jejich vyuziti pfi sestavovani PpZPR. Soucasné s tim se u nékterych indikatorti stanovuji vychozi
referenc¢ni hodnoty pro hodnoceni pokroku v dalsich planovacich cyklech. Takto nastavené indikatory umozni
v budoucnu exaktnéjsi hodnoceni pokroku pii plnéni cila PpZPR.
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ABSTRACT

The Flood Risk Management Plan (FRMP) is a fundamental instrument designed to fulfil the primary
objective of EU Directive 2007/60/EC on the assessment and management of flood risks (hereinafter referred
to as the "Floods Directive"), i.e., the reduction of adverse consequences of floods for human health, the
environment, cultural heritage, and economic activity (Article 1 of the Floods Directive). In the FRMP, flood
risk management objectives and a summary of measures to achieve them are defined for individual river
basins. The planning process under the Floods Directive takes place in six-year cycles, which always include
an evaluation of progress in achieving the objectives set in the previous period.
In the Czech Republic, three basic objectives were defined for the first FRMP (valid for the 2016-2021
period); these remain relevant and are included in the plans for subsequent periods:
1. Prevention of new risks and reduction of the extent of areas at unacceptable risk
2. Reduction of the level of flood hazard
3. Increasing public preparedness and the resilience of buildings, infrastructure, economic activities, and
other activities to the negative effects of floods
The aforementioned objectives are evaluated from the perspective of overall progress, meaning emphasis is
placed on the total synergy of the implemented measures. To this end, evaluation indicators for individual
objectives and suitable data sources for their initiation were identified and defined.
Previous planning cycles and the resulting FRMPs have revealed several challenges that need to be addressed:
e [t is sometimes difficult to obtain sufficient data to determine indicator values in a way that allows for
a meaningful comparison with the baseline status.
e There are no reference values for a period of equal length prior to the commencement of the first-cycle
plans.
e Ifindicators show a positive trend, the question remains how to determine whether the rate of progress
is sufficient.
Within the preparation of the new FRMPs (for the 2028-2033 period), ways are being sought to resolve these
challenges. Data acquired within the water management sector is being analysed, and collection procedures
are being established for use in compiling the FRMPs. Concurrently, baseline reference values are being set
for certain indicators to evaluate progress in future planning cycles. Indicators established in this manner will
allow for a more exact evaluation of progress in achieving FRMP objectives in the future.

Keywords: Flood Directive, planning, objectives assessment
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ABSTRAKT

Vodnéa nadrz Horné OreSany bola vybudovana na toku Parnd primarne na zabezpecenie vody pre zavlahy
pol'nohospodarskych pozemkov. V podmienkach meniacej sa klimy, rastucej variability hydrologického
rezimu a CastejSieho vyskytu suchych obdobi sa v§ak otazka spolahlivosti disponibilnych vodnych zdrojov a
zabezpecenosti odberov vody stdva Coraz vyznamnejSou. Praca sa zaobera analyzou a zhodnotenim
hydrologickej bilancie toku Parné a vodohospodarskej bilancie vodnej nadrze Horné OreSany v podmienkach
zépadného Slovenska. Hlavnym cielom je posudit, aky objem vody je potrebné v nadrzi rezervovat’ pre
zavlahové ucely a za akych podmienok mozno uvazovat’ o d’alsich odberoch vody bez ohrozenia zavlahove;j
funkcie nadrze a ekologickej stability toku Parna. Na tento ucel boli spracované dostupné
hydrometeorologické a manipulacné tdaje, analyzovany hydrologicky rezim povodia a stanovené vstupné
veliCiny potrebné pre bilancné hodnotenie nadrze. Potreba zavlahovej vody bola ur€ena s vyuzitim aktualnych
metodickych pristupov zalozenych na vypocte referencénej evapotranspiracie, plodinovych koeficientoch a
bilancii pddnej vody. Vzhl'adom na o¢akévané zmeny teploty vzduchu, rezimu zraZzok a narokov vegetacie na
vodu st do hodnotenia zahrnuté aj scenare meniacej sa klimy, ktoré umoznuji posudit’ vyvoj potreby vody na
zévlahy a disponibilitu vodnych zdrojov v buducich obdobiach. Vodohospodarska bilancia nadrze je rieSena
pomocou simula¢ného modelu BALVAN, ktory v mesa¢nom ¢asovom kroku hodnoti disponibilitu vodnych
zdrojov vo vztahu k poziadavkam na odbery, povinnému minimalnemu odtoku, stratdm vyparom a zmenadm
zasoby vody v nadrzi. Modelové simulédcie sii zamerané na porovnanie viacerych variantov zavlahovych a
ostatnych odberov vody pri roznych hydrologickych a klimatickych podmienkach. Hodnotena je najmi
zabezpecCenost’” doddvok vody na zavlahy, schopnost’ nadrze zachovat minimalny odtok pod hradzou a
citlivost vodohospodarskej ststavy na vyskyt suchych a extrémnych obdobi. Aktualizované podklady z
batymetrie nadrze poukazuju na pokles retenéného objemu nadrze voci pdvodnému realizacnému zameraniu
o 1,5 % a na zniZenie zatopenej plochy pri maximalnej hladine o 5,1 %. Pri poZadovanej 90 % zabezpecenosti
dodévok vody mozno uvazovat’ len s menSim rozsahom zavlah, pricom pri déslednom zachovani minimélneho
prietoku pod nadrzou sa tento rozsah d’alej znizuje. Povodne uvazovana plocha zavlah sa preto v sucasnych
agrarnych, hydrologickych a klimatickych podmienkach javi ako nadhodnotend a nerealna. Vysledky
poukazuji na vyznam komplexného bilancného hodnotenia vodnej ndadrze, ktoré prepaja hydrologické
podmienky povodia, potrebu vody na zavlahy, existujice a uvazované odbery, ako aj ocakavané dosledky
klimatickej zmeny. Ziskané poznatky predstavuju podklad pre optimalizaciu hospodarenia s vodou vo vodne;j
nadrzi Horné OreSany, pre stanovenie limitov vyuzivania jej zdsobného priestoru a pre rozhodovanie o
pripadnom povol'ovani d’alSich odberov vody. Rastuce teploty vzduchu a vysSie naroky vegetacie na vodu
mézu v budicnosti eSte znizit' plochu, na ktorej bude mozné zabezpecit zavlahy s pozadovanou
spol'ahlivostou. Navrhnuty pristup zaroven vytvara metodicky ramec vyuziteIny pri hodnoteni malych
vodnych nadrzi, ktorych pdvodné funkéné urcenie je potrebné zosuladit' so sucasnymi a budicimi
poziadavkami na udrzateI'né vyuzivanie vodnych zdrojov.

KPucové slova: vodohospodarska bilancia; vodna nadrz Horné OreSany; zavlahové odbery; zabezpecenost’
dodavok vody; vodné zdroje, zmena klimy.
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ABSTRACT

The Horné Oresany water reservoir was built on the Parné stream primarily to provide water for the irrigation
of agricultural land. Under changing climatic conditions, increasing variability of the hydrological regime,
and the more frequent occurrence of dry periods, the reliability of available water resources and the security
of water abstractions are becoming increasingly important. This study analyses and assesses the hydrological
balance of the Parna stream and the water management balance of the Horné OreSany reservoir under the
conditions of western Slovakia. The main objective is to assess what volume of water needs to be reserved for
irrigation and under what conditions additional water abstractions may be considered without compromising
the reservoir’s irrigation function and the ecological stability of the stream. For this purpose, available
hydrometeorological and operational data were processed, the hydrological regime of the catchment was
analysed, and the input variables required for the reservoir balance assessment were determined. Irrigation
water demand was estimated using current methodological approaches based on reference evapotranspiration,
crop coefficients, and soil water balance. Considering the expected changes in air temperature, precipitation
regime, and vegetation water demand, climate change scenarios were also included, enabling future irrigation
water demand and water resource availability to be evaluated.

The water management balance of the reservoir is analysed using the BALVAN simulation model, which
evaluates the availability of water resources in a monthly time step in relation to water abstraction
requirements, the mandatory minimum outflow, evaporation losses, and changes in reservoir storage. The
model simulations focus on comparing several variants of irrigation and other water abstractions under
different hydrological and climatic conditions. The assessment focuses mainly on the reliability of irrigation
water supply, the ability of the reservoir to maintain the minimum outflow downstream, and the sensitivity of
the water management system to dry and extreme periods. Updated reservoir bathymetry data indicate a
decrease in the retention volume of the reservoir by 1.5% compared with the original as-built survey, and a
decrease in the inundated area at the maximum water level by 5.1%. At the required 90% reliability of water
supply, only a smaller extent of irrigation can be considered, while this extent is further reduced if the
minimum downstream outflow is strictly maintained. The originally considered irrigation area therefore
appears to be overestimated and unrealistic under current agricultural, hydrological, and climatic conditions.
The results highlight the importance of a comprehensive reservoir balance assessment that integrates
catchment hydrological conditions, irrigation water demand, existing and potential water abstractions, and
climate change impacts. The findings provide a basis for optimizing water management in the reservoir,
defining limits for the use of its storage capacity, and supporting decisions on additional water abstractions.
Rising air temperatures and higher vegetation water demand may further reduce the area that can be irrigated
with the required reliability in the future. The proposed approach also provides a methodological framework
applicable to the assessment of small water reservoirs whose original functional purpose needs to be aligned
with current and future requirements for the sustainable use of water resources.

Keywords: water management balance, Horné OreSany water reservoir, irrigation abstractions, reliability of
water supply, water resources, climate change.
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ABSTRAKT

Vinkova transformace casovych tad, napt. primérnych meési¢nich pritoka, miize poskytovat dobry podklad
pro shlukovou analyzu, a tedy i regionalizaci povodi. Pro tyto Gcely se pouziva zejména odhad Shannonovy
entropie na bazi vinkovych koeficientl, ktery se pfi regionalizaci povodi osveédcil ve svété jiz diive a
vyzkousel ho i autor pFispévku s vyuzitim toho, Zze v Cesku se pravé dokonéuje rozsahly hydrologicky dataset
CAMELS-CZ. Podobné jako v pfedchozim vyzkumu bylo z datasetu vybrano 337 nepterusenych tad
primérnych mési¢nich pritokll (zdmérné i v€etné antropogenné ovlivnénych) zacinajicich hydrologickym
rokem 1981. Tentokrat ale byl namisto vinkového spektra zkouman potencidl spektra vinkové koherence za
piispéni mésicnich fad indext velkoméfitkovych klimatickych oscilaci (AMO, AO, NAO a SOI). Z toho
diivodu bylo také zkoumané obdobi ukonceno hydrologickym rokem 2022. Po ziskani koeficienti vinkové
koherence (za vyuziti Morletovy matetské vinky) byly vypocitainy odhady Shannonov entropie na $kalach 2,
4,8, 16,32, 64 a 128 mésicl, coz dovolovala délka zkoumanych tad. Nasledn¢ byla aplikovana sada testd pro
detekci idedlniho poctu shlukti povodi. VétSina téchto testii napovida, ze vybrana povodi 1ze z tohoto hlediska
délit do dvou ¢i ti skupin v zavislosti na zvolené metod¢ klastrovani. Takto mtize byt pfi regionalizaci povodi
1épe zohlednéno jejich reagovani na klimatické faktory z dlouhodobého hlediska. Jaké dalsi vlastnosti povodi
souviseji s nalezenym shlukovanim zatim ziistdva otevienou otazkou, ktera vyzaduje dalSi vyzkum, napf.
prave s vyuzitim charakteristik povodi ziskanych pii stavbé datasetu CAMELS-CZ. Vyhodou bude doplnéni
analyz o tvorbu map po aplikaci shlukovacich algoritmil jako K-means, K-medoids, model gaussovskych
smési ¢1 vhodné modifikace rozhodovacich stromi. Do budoucna lze téZ shlukovani zakladat na hodnotach
Shannonovy entropie odvozené z koeficientti tvoticich kiizova vinkova spektra, ptip. 1ze shlukovani provadét
na vSech hodnotich Shannonovy entropie odvozenych jak zvlnkové koherence, z kiizové vinkové
transformace, tak i z jednorozmérné vinkové transformace tad pritokd. V tomto ptipadé vsak jiz mize byt
vyzadovana redukce dimenze, ktera mtize mit neblahy vliv na interpretovatelnost vysledki.

Kli¢ova slova: statistick4 hydrologie, regionalizace, vinkové koeficienty, sezonni predikce, Ceska republika
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ABSTRACT

Wavelet transform of time series, e.g. mean monthly discharges, can provide a good basis for cluster analysis
and thus also regionalization of catchments. For these purposes, Shannon entropy estimation based on wavelet
coefficients is used, which has proven successful in regionalization of catchments in the world before and was
also tested by the author of the paper using the fact that a large hydrological dataset CAMELS-CZ is being
finalized in Czechia. Similar to previous research, 337 uninterrupted series of mean monthly discharge were
selected from the dataset that start from the hydrological year 1981. Intentionally, there were also selected
catchments with expected anthropogenic influences. This time, however, instead of the wavelet spectrum, the
potential of the wavelet coherence spectrum was investigated with the contribution of the monthly series of
large-scale climate pattern indices (AMO, AO, NAO, and SOI). For this reason, the study period was also
limited to the hydrological year 2022. After obtaining wavelet coherence coefficients (by using the Morlet
mother wavelet), Shannon entropy estimates were calculated on scales of 2, 4, 8, 16, 32, 64 and 128 months,
which was allowed by the length of the series examined. A set of tests was subsequently applied to detect the
ideal number of catchment clusters. Most of these tests suggest that the selected catchments can be divided
into two or three groups in this respect, depending on the method of clustering chosen. In this way, the response
of catchments to climate factors in the long term can be better taken into account in their regionalization. What
other catchment properties are related to the found clustering remains an open question, which requires further
research, e.g. using catchment characteristics obtained during the construction of the CAMELS-CZ dataset.
The advantage will be the addition of mapping analyses after the application of clustering algorithms such as
K-means, K-medoids, Gaussian mixture model or suitable modifications of decision trees. In the future,
clustering can also be based on Shannon entropy values derived from coefficients forming cross-wavelet
spectra, or clustering can be performed on all Shannon entropy values derived from both wavelet coherence,
cross-wavelet transform and one-dimensional wavelet transform of discharge series. In this case, however,
dimension reduction may already be required, which may have a detrimental effect on the interpretability of
the results.

Keywords: statistical hydrology, regionalization, wavelet coefficients, seasonal prediction, Czech Republic
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ABSTRAKT

Urbanizovand uzemi jsou stale Castéji vystavena dopadiim kratkodobych intenzivnich srazek, které v
kombinaci s vysokym podilem nepropustnych ploch vedou ke zvySenému riziku piivalovych povodni,
hydraulického pretizeni stokovych siti a zaplavovani intravilanti. Pfispévek predstavuje hlavni vysledky
projektu ,,Adaptace urbanizovanych tizemi na ptivalové povodné a sucho*, zaméteného na tvorbu navrhovych
srazek zohlednujicich ocekavanou zménu klimatu a jejich vyuziti pfi ndvrhu adaptacnich opatieni v
urbanizovaném prostiedi. Pro odvozeni navrhovych srazek byla vyuZzita kombinace stani¢nich a radarovych
srazek, regiondlni klimatické modely CORDEX a nésledna stochasticka desagregace hodinovych dat do
15 minutového ¢asového kroku. Vysledkem je Atlas IDF poskytujici ndvrhové srazky pro doby trvani od
15 minut do 24 hodin a doby opakovani 2—100 let pro sou¢asné i budouci klimatické horizonty 2050 a 2085.
Navrhové srazky byly nasledné aplikovany pii hydrodynamickém modelovani stokovych siti ve tfech
pilotnich lokalitdch — Bukovno, Pecky a Béchovice — s cilem vyhodnotit dopady klimatické zmény na méstské
odvodnéni a ucinnost adaptacnich opatfeni. Hodnoceny byly scénéie razné tirovné zapojeni hospodateni s
destovou vodou (HDV), modrozelené infrastruktury (MZI), doCasnych reten¢nich prostor a nouzovych cest
odtoku. Vysledky potvrzuji, Ze ocekavané zesilovani kratkodobych srazkovych extrémt povede k nartstu
hydraulického zatizeni stokovych systémil a Cetnosti vyronli vody na povrch. Soucasné vSak ukazuji, ze
kombinace decentralizovaného HDV, reten¢nich opatfeni a fizeného povrchového odtoku mize vyznamné
snizit rozsah zaplaveni a zvysit odolnost urbanizovanych tzemi.

Soucasti projektu je také metodika ndvrhu docasnych reten¢nich prostor a povodinovych koridori, ktera
umoziuje bezpetné pievedeni nebo kratkodobé zadrzeni nadbytecnych objeml vody pii extrémnich
udalostech. Dalsim vystupem je soubor map kategorizace urbanizovanych tizemi Ceské republiky z hlediska
rizika povrchového odtoku a ptitoku extravilanovych vod. Vysledky projektu poskytuji odborny podklad pro
navrh adaptacnich opatieni, aktualizaci generell odvodnéni a strategické planovani mést v podminkach
probihajici klimatické zmény.

Klicova slova: ptivalové srazky, navrhové srazky, IDF kiivky, urbanizovana tizemi, klimatickd zména,
mestské odvodnéni, modrozelena infrastruktura
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ABSTRACT

Urbanized areas are increasingly exposed to the impacts of short-duration intense precipitation events, which,
combined with a high proportion of impervious surfaces, lead to an increased risk of flash floods, hydraulic
overloading of sewer networks, and urban flooding. This contribution presents the main results of the project
“Adaptation of Urbanized Areas to Flash Floods and Drought”, focused on the development of design
precipitation estimates reflecting expected climate change and their application in the design of adaptation
measures in urban environments. The derivation of design precipitation was based on a combination of station
and radar precipitation data, regional climate models from the CORDEX initiative, and subsequent stochastic
disaggregation of hourly data into 15 minutes time steps. The result is an IDF Atlas providing design
precipitation estimates for durations from 15 minutes to 24 hours and return periods from 2 to 100 years for
both current and future climate horizons 2050 and 2085.

The design precipitation estimates were subsequently applied in hydrodynamic modelling of sewer systems
in three pilot localities — Bukovno, Pecky, and Béchovice — in order to assess the impacts of climate change
on urban drainage systems and the effectiveness of adaptation measures. Scenarios involving different levels
of stormwater management, blue-green infrastructure, temporary retention areas, and emergency overflow
pathways were evaluated. The results confirm that the expected intensification of short-term precipitation
extremes will lead to an increase in hydraulic loading of sewer systems and the frequency of surface flooding.
At the same time, they demonstrate that a combination of decentralized stormwater management, retention
measures, and controlled surface runoff can significantly reduce flood extent and improve the resilience of
urbanized areas.

The project also includes a methodology for the design of temporary retention areas and flood corridors,
enabling the safe conveyance or temporary storage of excess water volumes during extreme events. Another
output is a set of maps categorizing urbanized areas of the Czech Republic according to the risk of surface
runoff and inflow from surrounding catchments. The project results provide an expert basis for the design of
adaptation measures, updates of urban drainage master plans, and strategic urban planning under ongoing
climate change conditions.

Keywords: flash precipitation, design precipitation, IDF curves, urbanized areas, climate change, urban
drainage, blue-green infrastructure
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ABSTRAKT

Juzna ¢ast Rumunskej niziny patri k regionom Rumunska, ktoré su najviac zranite'né vo¢i klimatickej zmene.
Povodie rieky Vedea pokryva vyznamnu &ast’ tohto izemia (priblizne 5430 km?) a vyznacuje sa nestabilnym
hydrologickym rezimom s vysokou citlivostou na deficit zrazok. Tato Studia skima dynamiku prietokov na
viacerych vodomernych staniciach v povodi rieky Vedea pocas 60-ro¢ného obdobia (1962 —2023) s cielom
identifikovat’ dlhodobé signaly nastupu a intenzifikacie hydrologického sucha.

Metodika integruje Statisticky Mann-Kendallov test na detekciu trendov s analyzou Ciary prekrocCenia
prietokov (FDC) na kvantifikéciu dostupnych vodnych zdrojov v kritickych obdobiach. Pre tito stadiu boli
pouzité udaje o priemernych mesac¢nych a roénych prietokoch poskytnuté Spravou povodia Arges-Vedea. Na
zéklade tychto udajov boli vypocitané Specifické odtoky a vykonané Statistické analyzy. Vysledky naznacuju
dominantny klesajuci trend rocnych prietokov na vSetkych vodomernych staniciach, pricom Statisticky
vyznamny pokles bol pozorovany v staniciach Alexandria, Buzesti a Vartoapele. Sezonna analyza odhal'uje
prediZenie obdobi nizkych prietokov do letnych a jesennych mesiacov, ¢o potvrdzuju strmé sklony &iar FDC
a extrémne nizke hodnoty Q95 (klesajice pod 1 1/s/km?).

Originalita tejto Stidie spociva v aplikacii spojitej vinkovej transformacie (CWT) na zachytenie nestacionarnej
povahy hydrologického signélu, o zdoraznuje, ako boli dominantné ro¢né cykly v poslednych desatrociach
narusené hydro-klimatickymi zmenami. Tieto zistenia podCiarkuja prechod rieky Vedea k rezimu
poznacenému epizdédami silného sucha a poskytuju zakladné tidaje pre stratégie manazmentu vodnych zdrojov
a adaptéaciu na zmenu klimy v Rumunskej nizine.

Kruacové slova: povodie rieky Vedea, hydrologické sucho, Mann-Kendall, Ciara prekrocenia prietokov,
vinkova analyza (Wavelet)
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ABSTRACT

The south-central part of the Wallachian Plain is one of the most vulnerable regions to climate change in
Romania. The Vedea River Basin covers a significant portion of this territory (approx. 5,430 km?) and is
characterized by an unstable hydrological regime with high sensitivity to precipitation deficits. Consequently,
this study analyzes streamflow dynamics across several gauging stations within the Vedea Basin over a 60-
year period to identify long-term signals of hydrological drought onset and intensification.

The methodology integrates the Mann-Kendall statistical test for trend detection with Flow Duration Curve
(FDC) analysis to quantify available water resources during critical periods. Results indicate a dominant
downward trend in annual discharge across all gauging stations, with statistically significant declines observed
at Alexandria, Buzesti, and Vartoapele. Seasonal analysis reveals an extension of low-flow periods into the
autumn months, confirmed by the steep slopes of the FDCs and extremely low Q95 values (falling below 1
1/s/km?).

The originality of this study lies in the application of Continuous Wavelet Transform (CWT) to capture the
non-stationary nature of the hydrological signal, highlighting how dominant annual cycles have been disrupted
in recent decades by hydro-climatic shifts. These findings underscore the Vedea River's transition toward a
regime marked by severe drought episodes, providing essential data for water resource management strategies
and climate change adaptation in the Wallachian Plain.

Keywords: Vedea River Basin, hydrological drought, Mann-Kendall, Flow Duration Curve, Wavelet analysis
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ABSTRAKT

Vodné zdroje predstavujii kliCovy faktor stability ekosystémov, fungovania krajiny, ekonomiky a
zasobovania obyvatel’stva, pricom strategicky vyznam ma najmé povrchova voda pre svoju dostupnost’. V
podmienkach rastuceho sucha je pre efektivnu spravu povodi nevyhnutna analyza dlhodobych zmien kvantity
a kvality vody. Povodie Hrona ako vyznamny hydrologicky celok zohrava zasadnt ulohu v regiondlnom
manazmente vdd, pol'nohospodarstve a ochrane biodiverzity. Po obdobi vyraznej kontaminacie v 70. rokoch
doslo v priebehu 80. a 90. rokov 20. storocia k postupnému znizovaniu znecistenia, najmi v dosledku
obmedzenia priemyselnych a pol'nohospodarskych emisii a budovania Cistiarni odpadovych vod. Napriek
tomuto zlepSeniu bola regeneracia rieky opakovane naruSena ekologickymi havariami, medzi ktoré patri
incident nad Banskou Bystricou v roku 2003 a havaria pri Bud¢i v roku 2021.

Aj preto sme sa zamerali na dlhodobych zmien vybranych fyzikalno-chemickych parametrov kvality vody a
teploty vody v rieke Hron. Studia integruje dva pristupy: (i) analyzu &asovych radov, trendov a modelovanie
vyvoja koncentracii amoniakalneho dusika (N-NH4"), dusi¢nanového dusika (N-NOs"), rozpusteného kyslika
(DO), biochemickej spotreby kyslika (BOD) a pH, a (ii) hodnotenie modelovanie a predikciu dlhodobého
vyvoja teploty vody a jej vzt'ahu k teplote vzduchu.

Vysledky studie zameranej na detekciu trendov v dlhodobych ¢asovych radoch ukazovatel'ov kvality vody v
obdobi 1974-2021 na profiloch Kamenica nad Hronom a Valaska ukazuju relativne stabilné hodnoty
rozpusteného kyslika len s miernymi rasticimi trendmi v niektorych mesiacoch. Biochemicka spotreba kyslika
(BOD) vykazuje preukazatel'ny klesajuci trend, vyraznej$i najmé na lokalite Valaska. Vysledky preukézali
vyrazné dlhodobé poklesy koncentracii amoniakalneho a dusi¢nanového dusika. V Kamenici nad Hronom je
tento trend menej vyrazny, ale pritomny. Hodnoty pH vykazuju mierne rastuci trend, najma na Valaske;.
Druha cast’ Stadie sa zaobera dlhodobymi trendmi teploty vody (1962—-2020) na staniciach Banské Bystrica a
Brehy a hodnotenim extrémnych teplotnych podmienok prostrednictvom viacdiiovych maximalnych teplot.
Vysledky preukazuju Statisticky vyznamné rastice trendy priemernych mesacnych aj ro¢nych teplot vody,
najma v zimnom, jarnom a letnom obdobi. Tieto zistenia st v stlade s pozorovanym narastom teploty vzduchu
a poukazuju na vysoku citlivost’ teplotného rezimu riek na klimatické zmeny.

Na kvantifikaciu a predikciu budiceho vyvoja kvality povrchovej vody vo vybranych profiloch boli
aplikované autoregresné modely (ARIMA a SARIMA) s vyuzitim aj bez vyuzitia externych regresorov.
Integrovand analyza ukazuje, Ze rast teploty vody vyznamne ovplyviiuje klI'ic¢ové ukazovatele kvality vody,
najmé dostupnost’ rozpusteného kyslika, ¢o méze mat’ dosledky pre vodné ekosystémy a manazment vodnych
zdrojov. Pouzity modelovy pristup predstavuje hodnotny nastroj pre predikciu buduceho vyvoja a podporu
adaptacnych opatreni v podmienkach environmentéalnych zmien.

KPucové slova: ricka Hron, kvalita povrchovej vody, analyza casovych radov, autoregresné modelovanie

Pod’akovanie: Tato praca bola podporend projektom VEGA 2/0015/23 a projektom MVTS “WATSIM II”.

82



Sekcia 2 Hydrologicky cyklus v podmienkach globalnej zmeny
Section 2 Hydrological cycle under global change conditions

SURFACE WATER QUALITY AND WATER TEMPERATURE DYNAMICS
UNDER CHANGING ENVIRONMENTAL CONDITIONS IN THE HRON RIVER:
TREND ANALYSIS AND MODELLING

Veronika Badova Mitkova !, Pavla Pekarova !, Dana Halmova!
! Institute of Hydrology SAS, Dubravska cesta 9, 841 04 Bratislava, Slovak Republic

*corresponding author: mitkova@uh.savba.sk

ABSTRACT

Water resources represent a key factor in ecosystem stability, the functioning of the landscape and economy,
and the provision of water supply to the population, with surface water being of particular strategic importance
due to its availability. In the context of increasing drought conditions, effective river basin management
requires the analysis of long-term changes in both water quantity and quality. The Hron River basin, as a
significant hydrological unit, plays a crucial role in regional water management, agriculture, and biodiversity
conservation. After a period of severe contamination in the 1970s, pollution levels gradually decreased during
the 1980s and 1990s, mainly due to the reduction of industrial and agricultural discharges and the construction
of wastewater treatment plants. Despite this improvement, river recovery was repeatedly disrupted by
ecological accidents, including the incident upstream of Banska Bystrica in 2003 and the accident near Budca
in 2021.

Therefore, this study focuses on long-term changes in selected physicochemical water quality parameters and
water temperature in the Hron River. The study integrates two approaches: (i) time series analysis, trend
detection, and modelling of ammonium nitrogen N-NH4"), nitrate nitrogen (N-NOs"), dissolved oxygen (DO),
biochemical oxygen demand (BOD), and pH, and (i1) modelling and prediction of long-term water temperature
dynamics and its relationship with air temperature.

The results of the trend analysis of long-term water quality time series (1974-2021) at the Kamenica nad
Hronom and Valaska monitoring stations indicate relatively stable dissolved oxygen levels, with only slight
increasing trends in some months. Biochemical oxygen demand (BOD) shows a clear decreasing trend,
particularly pronounced at the Valaska site. A significant long-term reduction in ammonium and nitrate
nitrogen concentrations was observed, with a less pronounced but still present trend in Kamenica nad Hronom.
pH values show a slight increasing trend, especially at Valaska.

The second part of the study examines long-term water temperature trends (1962-2020) at the Banska Bystrica
and Brehy stations, as well as the assessment of extreme temperature conditions using multi-day maximum
temperatures. The results demonstrate statistically significant increasing trends in mean monthly and annual
water temperatures, particularly in winter, spring, and summer. These findings are consistent with the observed
increase in air temperature and highlight the high sensitivity of river thermal regimes to climate change.

For quantification and prediction of future surface water quality development, autoregressive models (ARIMA
and SARIMA), with and without exogenous regressors, were applied. The integrated analysis shows that
increasing water temperature significantly affects key water quality indicators, particularly dissolved oxygen
availability, which may have implications for aquatic ecosystems and water resource management. The
modelling approach provides a valuable tool for forecasting future development and supporting adaptation
measures under changing environmental conditions.

Keywords: Hron River, surface water quality parameters, time series analysis, autoregresive modeling
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ABSTRAKT

Navrhové hydrologické charakteristiky predstavuju zaklad pre technické, environmentalne aj bezpecnostné
rozhodnutia v oblasti vodného hospodarstva a planovania. Slovensky hydrometeorologicky ustav stanovuje
a poskytuje navrhové hydrologické charakteristiky na zaklade Zakona 201/2009 Z.z. z 29. aprila 2009 o Statne;j
hydrologickej sluzbe a Statnej meteorologickej sluzbe. V prispevku sa zaoberame stanovovanim navrhovych
hydrologickych charakteristik so zameranim na dlhodobé priemerné ro¢né prietoky v podmienkach meniace;j
sa klimy. Analyzované boli tudaje zo 116 vodomernych stanic s pozorovanim do roku 2020. Udaje zo 47
vodomernych stanic boli dostupné od roku 1961 a udaje zo 69 vodomernych stanic mali zaciatok pozorovania
medzi rokmi 1962 az 1970. Casové rady boli overené pomocou testov homogenity (Pettitov test, SNHT test,
Buishandov test). Trendova analyza prietokov bola vykonand pomocou Mann-Kendallovho testu a Theil-
Senovho odhadu sklonu trendu. Vysledky boli spracované pre celé pozorované obdobie a naznacuju, ze na
celom uzemi Slovenska bol identifikovany prevazne klesajici trend. Vyznamnost trendov je potrebné
interpretovat’ s oh'adom na homogenitu ¢asovych radov a citlivost’ vysledkov trendovych analyz na dizku
analyzovaného obdobia. Dlhodobé priemerné ro¢né prietoky za obdobie 1991-2020 sme d’alej porovnali
s hodnotami za obdobie 1961-2000, a vycislili ich percentudlne odchylky. Vysledky potvrdili vyrazné
regionalne rozdiely medzi jednotlivymi povodiami. Vo vicSine hodnotenych povodi prevazovali stanice
s poklesom dlhodobych priemernych ro¢nych prietokov. Kladné odchylky boli zaznamenané najmi
v povodiach Dunajca s Popradom a v hornych ¢astiach povodi Vahu a Hornddu. Dolné ¢asti tokov v nizinnych
oblastiach vykazuju prevazne pokles prietokov, ¢o naznacuje citlivost’ tychto oblasti na klimatické zmeny a
zmeny zrazkového rezimu. Ziskané vysledky predstavuji podklad pre aktualizaciu podrobnej mapy
dlhodobého priemerného roéného odtoku potrebnej k stanoveniu navrhovych hydrologickych charakteristik v
nemeranych profiloch v hydrologickej praxi.
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ABSTRACT

Design hydrological characteristics represent the basis for technical, environmental, and safety decisions in
the field of water management and planning. The Slovak Hydrometeorological Institute establishes and
provides design hydrological characteristics based on Act 201/2009 Coll. of 29 April 2009 on the State
Hydrological Service and the State Meteorological Service. In this contribution, we deal with the
establishment of design hydrological characteristics with a focus on long-term mean annual discharges in
conditions of a changing climate. Data from 116 water gauging stations with observations until 2020 were
analysed. Data from 47 water gauging stations were available from 1961, and data availability from 69 water
gauging stations was between 1962 and 1970. Time series were verified using homogeneity tests (Pettit test,
SNHT test, Buishand test). Trend analysis was performed using the Mann-Kendall test and the Theil-Sen
estimate. The results were processed for the entire observed time period, and indicate that a predominantly
decreasing trend was identified throughout the territory of Slovakia. The significance of trends needs to be
interpreted with regard to the homogeneity of the time series, and the results of trend analyses are sensitive to
the length of the analysed period. We further compared the long-term mean annual discharges for the period
1991-2020 with the values for the period 1961-2000, and quantified their percentage deviations. The results
confirmed significant regional differences between individual river basins. In most of the evaluated river
basins, stations with a decrease in long-term mean annual discharges prevailed. Positive deviations were
recorded mainly in the Dunajec and Poprad River basins, and in the upper parts of the Vah and Hornad River
basins. The lower reaches of streams in lowland areas show predominantly decrease in discharge, which
indicates the sensitivity of these areas to climate change and changes in precipitation regime. The obtained
results represent the basis for updating the map of long-term mean annual runoff necessary to determine the
design hydrological characteristics in ungauged profiles in hydrological practice.

Keywords: hydrological characteristics, long-term mean annual discharge
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ABSTRAKT

Hydropedologicky profil (HP) Ladna, sou¢ast monitorovaci sitt CHMU, piedstavuje jeden z nejdéle
kontinualné sledovanych profilti m&lké podzemni vody v luzni nivé v Ceské republice. Lokalita v nivé Dyje
v oblasti soutoku Moravy a Dyje byla béhem druhé poloviny 20. stoleti vyrazné ovlivnéna regulaci toku,
melioracnimi upravami a vystavbou vodniho dila Nové Mlyny. Dlouhodoby monitoring proto umoziuje
hodnotit vliv klimatické variability a vodohospodaiskych zasahii na hydrologicky rezim nivni krajiny. Profil
byl vybudovan v roce 1948 v souvislosti s planovanou vystavbou priplavu Dunaj—Odra—Labe. Studie vychazi
z analyzy vice nez 25 vrtd rozmisténych kolmo ke korytu Dyje v délce ptiblizn¢ 4,3 km. Dataset byl
homogenizovan na jednotny mésicni krok a klimaticky kontext byl hodnocen na zaklad¢ dat ze stanice
Lednice. Cilem préce je analyzovat dlouhodobou dynamiku hladin podzemnich vod v HP Ladna, identifikovat
prostorové rozdily v rezimu hladiny podzemni vody (HPV) a posoudit vliv klimatickych faktort a
vodohospodaiskych uprav na vyvoj podzemnich vod v nivé Dyje. Pro hodnoceni trendi byly vyuzity
neparametrické statistické metody doporucované pro hydrologické casové fady. Smér a velikost trendl byly
stanoveny pomoci Theilova—Senova odhadu sklonu a jejich statistickd vyznamnost byla testovéna
Mannovym—Kendallovym testem s odstranénim vlivu autokorelace metodou trend-free pre-whitening
(TFPW). Vyznamné zmény v ¢asovych fadach byly identifikovany pomoci Pettittovy change-point analyzy.

Vysledky potvrzuji vysokou hydraulickou propojenost mezi podzemni vodou, tokem Dyje a vodnimi prvky
luzniho lesa. Ve vSech sledovanych vrtech bylo zjiSténo vyrazné sezonni kolisani hladin s maximy na jafe a
minimy na podzim. Analyza zaroven prokéazala dlouhodoby pokles hladiny podzemni vody u vétSiny
sledovanych objektd. Statisticky vyznamny klesajici trend byl identifikovan u 17 z 25 hodnocenych vrti.
Nejvyraznéjsi pokles byl zaznamenan u vrtu KB0696, kde celkova zména doséahla ptiblizn¢ —83 cm za celé
sledované obdobi. U vétsiny detailné hodnocenych vrti byl soucasné prokazan pokles roéni amplitudy HPV.
Pettittova change-point analyza odhalila prostorové diferencované zmény rezimu podzemnich vod. Na levém
bfehu Dyje byly vyznamné zmény detekovany pfiblizn€ kolem roku 1972, zatimco v luznim lese na pravém
bichu az kolem roku 1989. Tyto zmény cCasové odpovidaji melioranim upravam a regulaci toku Dyje,
respektive uvedeni dolni nadrze vodniho dila Nové Mlyny do provozu. Vyznamny antropogenni vliv byl
identifikovan také v okoli vrti KB0706-KB0708, kde se po roce 1988 projevil vyrazny pokles HPV v
souvislosti se zahdjenim Cerpani podzemni vody pro vodarenské ucely. Vyraznou vyjimku z dominantniho
sestupného trendu predstavuji vity KB0710 a KB0719 v jihozépadni ¢asti luzniho lesa, u nichz byl zjistén
statisticky vyznamny vzestupny trend pravdépodobné souvisejici s dlouhodobym fizenym zavodiovanim
luzniho lesa realizovanym od 90. let 20. stoleti. Vysledky potvrzuji vyznam dlouhodobého monitoringu
podzemnich vod pro hodnoceni zmén hydrologického rezimu nivnich oblasti a predstavuji dilezity podklad
pro ochranu vodnich zdroji a management luznich ekosystému v oblasti soutoku Moravy a Dyje.
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ABSTRACT

The Ladna hydropedological profile (HP), part of the CHMI monitoring network, represents one of the longest
continuously monitored shallow groundwater profiles in a floodplain in the Czech Republic. The site in the
Dyje floodplain near the confluence of the Morava and Dyje rivers was significantly affected during the second
half of the 20th century by river regulation, land improvement works, and the construction of the Nové Mlyny
waterworks. Long-term monitoring therefore allows for the assessment of the impact of climate variability
and water management interventions on the hydrological regime of the floodplain landscape. The monitoring
profile was established in 1948 in connection with the planned construction of the Danube—Oder—Elbe Canal.
The study is based on an analysis of more than 25 boreholes located perpendicular to the Dyje riverbed over
a length of approximately 4.3 km. The dataset was homogenized to a uniform monthly interval, and the
climatic context was assessed based on data from the Lednice station. The aim of this study is to analyze the
long-term dynamics of groundwater levels at the Ladna monitoring station, identify spatial variations in the
groundwater level regime (GWR), and assess the influence of climatic factors and water management
interventions on groundwater development in the Dyje floodplain. Nonparametric statistical methods
recommended for hydrological time series were used to evaluate trends. The direction and magnitude of the
trends were determined using the Theil-Sen slope estimate, and their statistical significance was tested using
the Mann—Kendall test with autocorrelation removed via the trend-free pre-whitening (TFPW) method.
Significant changes in the time series were identified using Pettitt’s change-point analysis.

The results confirm a high degree of hydraulic connectivity between groundwater, the Dyje River, and the
water bodies of the floodplain forest. Significant seasonal fluctuations in water levels were observed in all
monitored wells, with peaks in spring and troughs in autumn. The analysis also demonstrated a long-term
decline in groundwater levels at most of the monitored sites. A statistically significant downward trend was
identified in 17 of the 25 evaluated wells. The most pronounced decline was recorded at borehole KB0696,
where the total change reached approximately —83 c¢m over the entire monitoring period. A decrease in the
annual HPV amplitude was also demonstrated for most of the boreholes evaluated in detail. Pettitt’s change-
point analysis revealed spatially differentiated changes in the groundwater regime. On the left bank of the
Dyje River, significant changes were detected around 1972, while in the floodplain forest on the right bank,
they were observed around 1989. These changes correspond in time to land improvement works and the
regulation of the Dyje River flow, as well as the commissioning of the lower reservoir of the Nové Mlyny
hydroelectric power plant. A significant anthropogenic influence was also identified in the vicinity of
boreholes KB0706-KB0708, where a marked decline in HPV occurred after 1988 in connection with the
commencement of groundwater pumping for water supply purposes. A notable exception to the dominant
downward trend is represented by boreholes KB0710 and KB0719 in the southwestern part of the floodplain
forest, where a statistically significant upward trend was observed, likely related to the long-term controlled
irrigation of the floodplain forest implemented since the 1990s. The results confirm the importance of long-
term groundwater monitoring for assessing changes in the hydrological regime of floodplain areas and provide
an important basis for the protection of water resources and the management of floodplain ecosystems in the
area of the confluence of the Morava and Dyje rivers.

Keywords: hydropedological profile, floodplain forest, groundwater, statistical analysis
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ABSTRAKT

Podzemna voda straca schopnost’ efektivne stabilizovat’ hydrologicky rezim v obdobi sucha. Vydatnost’
pramenov priamo odraza aktualny stav zasob v hydrogeologickych Strukturach. Pre analyzu vplyvu sucha
na vysychanie pramenov bolo vybranych 9 monitorovacich objektov Statnej hydrologickej siete, na ktorych
sa v hodnotenom obdobi 2020-2024 vyskytli obdobia s nulovou vydatnostou. Vyznamnu tlohu zohrava aj
geologické prostredie, v ktorom sa dané pramene nachddzaju. Hodnotené pramene su situované v 6 utvaroch
podzemnych vod. Pramen €. 320 Pribylina, Surovy Hradok sa nachédza v ttvare s puklinovou priepustnostou
tvorenom prevazne pieskovcovo-ilovcovym suvrstvim. Pramene €. 351 Liptovsky Jan, Vyvieracka; ¢. 509
Vitanova, Oravice, Teplica; ¢. 546 Habovka, Blatnd dolina 6; ¢. 1872 Plesivec, Pod Vapenkou; ¢. 1884
Kunova Teplica, Zugo, jaskyna; ¢. 1910 Muran, V obci a ¢. 1911 Muran, Dovalka sa nachadzaju v utvaroch
s krasovo — puklinovou priepustnostou, tvorenych vapencami a dolomitmi. Pramene v tychto
krasovo - puklinovych Struktirach reaguju na zrazkovy deficit takmer okamzite. Pramen ¢. 2292 Lucina,
V Suchej doline sa nachadza v utvare s puklinovo - pérovou priepustnostou tvorenom prevazne andezitmi a
vulkanoklastickymi sedimentmi.

Charakter sledovanych pramenov bol posudeny podla stupiia rozkolisanosti a miery premenlivosti ich
vydatnosti. VSetky analyzované pramene st mimoriadne nevyrovnané a patria do kategdrie variabilnych
pramenov. Vysoka variabilita je priamym dokazom ich zavislosti od okamzitych zrazok a straty akumulac¢ne;j
schopnosti prostredia, ¢im sa povodne stabilné zdroje menia na dynamické a zranite'né systémy. Vysledky
dokumentuju priamy vplyv zmeny klimy na narusenie ich Standardného hydrologického rezimu. V désledku
teplych zim a absencie snehovej pokryvky dochadza k posunu maximalnych vydatnosti z jarného obdobia do
zimnych mesiacov. Jarné obdobia st suchsie a dominantnym zdrojom dopiiiania sa stavajii ndrazové zrazkové
javy. Kvoli vysokym teplotdm sa vSak intenzivne zrazky Casto odparia skor, nez stihnt preniknat’ do hlbsich
Struktar. Minimalne stavy prameiiov majui v sledovanom obdobi klesajucu tendenciu.

Absencia tuhych zraZzok v zimnom a kvapalnych v letnom obdobi, vysoké teploty a evapotranspiracia v
hydrologickom roku 2022 mali v danom roku vel'mi negativny vplyv na podzemnt vodu. Tieto negativne
klimatické pomery vyrazne zasiahli zasoby podzemnej vody, ¢o sa prejavilo nielen vyraznym poklesom
vydatnosti pramenov, ale aj ich naslednym vyschnutim. Na 6smich hodnotenych pramenoch dosSlo k
vyschnutiu a to hlavne v zimnom a v letno-jesennom obdobi. Z pohl'adu hodnotenia sucha v podzemnej vode
bol hydrologicky rok 2022 vyhodnoteny ako najsuchsi rok z hodnoteného obdobia piatich rokov (2020-2024).
Vysledky potvrdzuja rastiicu hydrologicku nestabilitu pramenov a slizia ako dolezity podklad pre manazment
ochrany vodnych zdrojov.

Kruacové slova: sucho, podzemna voda, hydrologicky rezim, vydatnost’ prameniov, klimaticka zmena
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Lucia Hagara Pivardiova '*, Valéria Slivova 2
! Slovak Hydrometeorological Institute, Boricka cesta 103, 011 13 Zilina, Slovak Republic
2 Slovak Hydrometeorological Institute, Jeséniova 17, 833 15 Bratislava, Slovak Republic

corresponding author: Lucia.Hagara-Pivarciova@shmu.sk

ABSTRACT

Groundwater is losing its capacity to effectively stabilize the hydrological regime during drought periods.
Spring yield directly reflects the current state of storage within hydrogeological structures. To analyse the
impact of drought on the drying up of springs, nine monitoring stations from the state hydrological network
were selected, all of which exhibited periods of zero discharge during the evaluated period of 2020-2024. The
geological environment in which the springs are located also plays a significant role. The evaluated springs
are situated within six groundwater bodies characterized by fractured, karstic-fractured, and porous-fractured
permeability. Spring No. 320 Pribylina, Surovy Hradok is located in a groundwater body with fractured
permeability, formed predominantly by a sandstone-claystone sequence. Springs No. 351 Liptovsky Jan,
Vyvieracka; No. 509 Vitanova, Oravice, Teplica; No. 546 Habovka, Blatna dolina 6; No. 1872 Plesivec, Pod
Vépenkou; No. 1884 Kunova Teplica, Zugo, cave; No. 1910 Muran, V obci and No. 1911 Muran, Dovalka
are located in groundwater bodies with karstic-fractured permeability, formed by limestones and dolomites.
Springs in these karstic - fractured structures react to precipitation deficits almost immediately. Spring No.
2292 Lucina, V Suchej doline is located in a groundwater body with porous-fractured permeability, formed
predominantly by andesites and neogene volcaniclastic sediments.

The nature of the monitored springs was assessed based on the degree of fluctuation and the variability of their
discharge. All analysed springs are highly unstable and fall into the category of variable springs. This high
variability directly evidences their dependence on immediate precipitation and the loss of the environment's
storage capacity, shifting originally stable water sources into dynamic and vulnerable systems. The results
demonstrate a direct impact of climate change on the disruption of their standard hydrological regime. Due to
warm winters and the absence of snow cover, maximum discharges are shifting from springtime to the winter
months. Springtime seasons are becoming drier, and episodic precipitation events are becoming the dominant
source of recharge instead of gradual infiltration. However, due to high temperatures, intense precipitation
often evaporates before it can penetrate into deeper structures. Minimum spring yields show a declining trend
during the monitored period.

The absence of solid precipitation in the winter period and liquid precipitation in the summer period, combined
with high temperatures and evapotranspiration in the hydrological year 2022, had a highly negative impact on
groundwater in that year. These adverse climatic conditions significantly affected groundwater storage, which
manifested not only in a sharp decline in spring yields but also in their subsequent drying up. Drying up
occurred at eight of the evaluated springs, predominantly during the winter and late summer-autumn periods.
From the perspective of groundwater drought assessment, the hydrological year 2022 was evaluated as the
driest year within the analysed five-year period (2020-2024). The results confirm the growing hydrological
instability of springs and serve as an important baseline for water resource management and protection.

Keywords: drought, groundwater, hydrological regime, spring yield, climate change
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ABSTRAKT

Stadia analyzuje dlhodobé zmeny vodnej bilancie v malom zalesnenom povodi Vydrice nad profilom Spariska
v obdobi 1961-2020 a hodnoti ich vo vzt'ahu k rastacej teplote vzduchu. Povodie Vydrice po profil Spariska
s plochou 7,25 km? je horna, vyrazne zalesnena &ast’ toku v Malych Karpatoch, s nadmorskou vyskou priblizne
321-589 m n. m. a priemernou vyskou okolo 405 m n. m. Prevazne kambizolové pddy na mezozoickych
pieskovcoch, bridliciach a vapencoch a uzke pasy kvartérnych ndplavov v inundécii vytvarajii vyznamny
zasobnik podzemnej vody hydraulicky prepojenej s korytom toku. Viac nez 90% plochy pokryvaji bukové a
zmieSané lesy Bratislavského lesoparku, ¢o spolu s ochranarskym rezimom uzemia zabezpecuje dlhodobo
stabilnu vegeta¢nu pokryvku a vysoky evapotranspiracny dopyt.

Hydrologicka bilancia bola zostavend z ro¢nych uhrnov zrazok, odtoku a odvodenych hodndét bilancnej
evapotranspiracie pri predpoklade zanedbatel'nych dlhodobych zmien zdsob podzemnej a pddnej vody v
60-roénom horizonte. Uzemné zrazkové thrny boli uréené zo stanic Bratislava—Koliba, Maly Javornik
a Bratislava—letisko s vyuzitim vyskového zrazkového gradientu, odtok z meranych prietokov na stanici
Spariska.

Z porovnania bilancie za dve 30-ro¢né obdobia 1961-1990 a 1991-2020 vyplyva, Ze priemerny ro¢ny uhrn
zrazok sa zvysil z 734 na 798 mm a zéaroven stupla priemernd ro¢né teplota vzduchu z 9,34 na 10,65 °C.
Zaroven, priemerna rocna vyska odtoku klesla z 261 na 240 mm. Z toho vyplyva narast bilan¢nej
evapotranspirdcie z 473 na 558 mm, teda o 85 mm, ktory prevysil narast zrazok. V dlh§om casovom kontexte
obdobi 1931-1940, 1961-1990 a 1991-2020 sa celkovy trend prejavuje systematickym zvySovanim teploty,
miernym kolisanim zrdzok a vyznamnou redukciou odtoku, co je typické pre malé zalesnené povodia v
miernom pasme.

Analyza sezonneho rezimu odtoku ukazuje, Ze priemerné jarné maxima prietokov nastupuju skor, zatial’ Co
trvanie letnych nizkych prietokov sa predlzuje a prehlbujé, hoci letné zrazkové tthrny v druhom obdobi lokélne
neklesli. Rozdiel medzi vyvojom zrdzok a odtoku potvrdzuje, ze kI'uiCovym faktorom zmeny vodnej bilancie
nie je pokles zrazok, ale zvySeny evapotranspiraény dopyt spojeny s oteplovanim klimy a hustym lesnym
porastom. Vysoky stupeil zalesnenia povodia, dominancia bukovych porastov a stabilna vegetacna pokryvka
v ramci chraneného uzemia podporujt intenzivnu transpiraciu a dlhodobé vycerpavanie zékladného odtoku.
Dlhodoba bilancia tak dokumentuje, ze v malom zalesnenom povodi Vydrice spdsobilo postupné otepl'ovanie
klimy vyrazny posun od odtoku k evapotranspiracii, ¢o zniZzuje disponibilné vodné zdroje a zvysuje
zranitel'nost’ ekosystému voci letno-jesennému suchu.

Krucové slova: hydrologické bilancia; dlhodobé trendy odtoku; zalesnené povodie; Vydrica; Malé Karpaty
Pod’akovanie: Tato praca bola podporend projektom VEGA 2/0015/23 a projektom MVTS “WATSIM II”.
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ABSTRACT

This study analyses long-term changes in the water balance of the small forested Vydrica catchment upstream
of the Spariskd gauging station over the period 1961-2020 and evaluates them in relation to rising air
temperature. The Vydrica catchment up to Spariska, with an area of 7.25 km?, represents the upper, strongly
forested part of the stream in the Little Carpathians, with elevations of approximately 321-589 m a.s.l. and an
average altitude of about 405 m a.s.l. Predominantly cambisol soils developed on Mesozoic sandstones, shales
and limestones, together with narrow belts of Quaternary alluvial deposits in the floodplain, form an important
groundwater reservoir hydraulically connected to the stream channel. More than 90% of the area is covered
by beech and mixed forests of the Bratislava Forest Park, which, together with the protection status of the
area, ensures long-term stable vegetation cover and high evapotranspiration demand.

The hydrological balance was compiled from annual precipitation totals, runoff and derived values of water-
balance evapotranspiration, assuming negligible long-term changes in groundwater and soil water storage over
the 60-year period. Areal precipitation totals were estimated from the Bratislava—Koliba, Maly Javornik and
Bratislava—Airport stations using the vertical precipitation gradient, while runoff was derived from measured
discharges at the Spariska station.

A comparison of the balance for two 30-year periods, 1961-1990 and 1991-2020, shows that the mean annual
precipitation total increased from 734 to 798 mm, while the mean annual air temperature rose from 9.34 to
10.65 °C. At the same time, the mean annual runoff depth decreased from 261 to 240 mm. Consequently,
water-balance evapotranspiration increased from 473 to 558 mm, i.e. by 85 mm, exceeding the increase in
precipitation. In the longer-term context of the periods 1931-1940, 1961-1990 and 1991-2020, the overall
trend is characterised by a systematic increase in temperature, moderate variability in precipitation and a
pronounced reduction in runoff, which is typical of small forested catchments in temperate regions.

Analysis of the seasonal runoff regime shows that average spring flow maxima occur earlier, whereas the
duration and severity of summer low flows increase, even though summer precipitation totals in the second
period did not decrease locally. The divergence between precipitation and runoff trends confirms that the key
driver of water-balance change is not a reduction in precipitation, but an enhanced evapotranspiration demand
associated with climate warming and dense forest cover. The high degree of catchment afforestation,
dominance of beech stands and stable vegetation cover within a protected area promote intense transpiration
and long-term depletion of baseflow.

The long-term balance thus documents that gradual climate warming in the small forested Vydrica catchment
has caused a marked shift from runoff towards evapotranspiration, reducing available water resources and
increasing ecosystem vulnerability to late-summer and autumn drought.

Keywords: Hydrological balance; long-term runoff trends; forested catchment; Vydrica; Little Carpathians
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ABSTRAKT

Presné reprezentacia geometrie rieCneho koryta predstavuje zédkladny predpoklad pre spolahlivé hydraulické
a akvatické habitatové modelovanie. Viaceré Stadie poukazuji na vyznam presného zachytenia geometrie
koryta pri hydraulickom modelovani, ur€ovani batymetrie riecnych koryt a hodnoteni kvality akvatickych
habitatov s vyuzitim LiDARovych udajov. LiDARov¢ udaje poskytuji detailnt topografiu izemia s vysokym
priestorovym rozliSenim, avSak nedokazu zachytit batymetriu dna koryta. Tento nedostatok mdze byt
vyznamny najmé pri hodnoteni kvality akvatického habitatu, kde zohravaju hibka vody a morfologicka
Struktara dna doéleziti tlohu. Kvalita a presnost’ vstupnych geometrickych udajov preto vyrazne ovplyviiuji
vyslednu reprezentaciu hydraulickych podmienok v toku a nésledné hodnotenie vhodnosti prostredia pre
vodné organizmy.

Stadia bola realizovani na vybranom useku toku Osrblianka a zameriava sa na testovanie kvality
geometrickych vstupov odvodenych z r6znych zdrojov dat. Porovnavané st tidaje ziskané vyluc¢ne z terénneho
zamerania s udajmi z terénu, ktoré boli néasledne korigované a doplnené pomocou LiDARovych udajov
(format LAS). Osobitna pozornost’ je venovana vyuzitiu prieénych profilov zameranych v charakteristickych
Castiach toku, ktoré su nasledne interpolované a upravené s vyuzitim plosnych LiDARovych dat, s cielom
dosiahnut’ ¢o najrealistickej$iu reprezentaciu morfoldgie rieCneho koryta a prilahlého izemia. Takyto pristup
nadvédzuje na existujuce Studie kombinujuce terénne merania a LiDARové udaje pri tvorbe detailnych
digitalnych modelov reliéfu rie¢neho prostredia.

Na hodnotenie kvality akvatického habitatu boli pouzité zovseobecnené vhodnostné krivky, ktoré na zaklade
hydraulickych charakteristik, ako s hibka vody, rychlost’ pradenia a charakter dna, umoziiuju uréit’ mieru
vhodnosti podmienok pre vybrané druhy vodnych organizmov. Vhodnostné krivky predstavuji Standardne
vyuzivany nastroj habitatového modelovania, ktory prepaja hydraulické a morfologické charakteristiky toku
s ekologickymi narokmi vodnych organizmov. Vysledky poukazuju na vyznam presného zachytenia dna
koryta pre reprezentaciu hydraulickych parametrov a nasledné hodnotenie habitatovej kvality. Doplnenie
terénnych merani o LIDARov¢ tdaje vedie k spresneniu geometrickych vstupov pre hydraulické a habitatové
modelovanie. Zarovenl naznaCuje potencial vyuzitia LiDARovych dat pri identifikdcii morfologicky
homogénnych a heterogénnych usekov toku, ¢o moéze prispiet’ k cielenej optimalizacii hustoty terénneho
zamerania priecnych profilov.

Krucové slova: LiDAR, akvaticky habitat, habitatové modelovanie, geometria rie¢neho koryta, vhodnostné
krivky, priecne profily
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ABSTRACT

Accurate representation of river channel geometry is a fundamental prerequisite for reliable hydraulic and
aquatic habitat modelling. Several studies have highlighted the importance of precise channel geometry
representation in hydraulic modelling, riverbed bathymetry determination, and aquatic habitat quality
assessment using LiDAR data. LiDAR data provide detailed topographic information with high spatial
resolution; however, they are unable to capture riverbed bathymetry beneath the water surface. This limitation
may be particularly significant in aquatic habitat assessment, where water depth and riverbed morphological
structure play an important role. Therefore, the quality and accuracy of geometric input data significantly
influence the representation of hydraulic conditions within the stream and the subsequent assessment of habitat
suitability for aquatic organisms.

The study was conducted on a selected reach of the Osrblianka stream and focuses on testing the quality of
geometric inputs derived from different data sources. Data obtained exclusively from field surveying are
compared with field data subsequently corrected and supplemented using LiDAR data (LAS format). Special
attention is given to the use of cross-sections surveyed in characteristic parts of the stream, which are
subsequently interpolated and adjusted using areal LiDAR data in order to achieve the most realistic
representation of river channel morphology and the surrounding area. This approach follows existing studies
combining field measurements and LiDAR data for the development of detailed digital terrain models of river
environments.

Generalized habitat suitability curves were used to assess aquatic habitat quality. Based on hydraulic
characteristics such as water depth, flow velocity, and substrate composition, these curves enable the
determination of habitat suitability for selected aquatic organisms. Habitat suitability curves represent a
standard tool in habitat modelling, linking hydraulic and morphological stream characteristics with the
ecological requirements of aquatic organisms. The results highlight the importance of accurate riverbed
representation for hydraulic parameter simulation and subsequent habitat quality assessment. Supplementing
field measurements with LiDAR data improves the accuracy of geometric inputs for hydraulic and habitat
modelling. At the same time, the study indicates the potential of LIDAR data for identifying morphologically
homogeneous and heterogeneous stream reaches, which may contribute to the targeted optimization of cross-
section survey density.

Keywords: LiDAR, aquatic habitat, habitat modelling, river channel geometry, habitat suitability curves,
cross-sections
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ABSTRAKT

Sedimenty vodnych nadrzi su vysledkom procesov v krajine. ZloZenie a mnozstvo dnovych sedimentov, ktoré
sa hromadia v utvaroch povrchovych vod, ako st vodné toky a nadrze, odraza ekologicky stav uzemia.
Poskytuje informacie nielen o vplyve l'udskej Cinnosti, ale aj o er6znych procesoch prebiehajucich v danom
povodi. Sedimenty vo vodnych nadrziach zmensuju priestory nadrze, a tym ovplyviiuju ich povodnt funkciu,
na ktort boli vybudované. Na druhej strane mézu byt aj zdrojom zivin a mikroprvkov nevyhnutnych pre rast
rastlin. Ciel'om prispevku je analyza vzt'ahu podielu ilovitej zlozky dnovych sedimentov (Castice pod 2 pm)
s obsahom prvkov P, Ca, Ni, Zn a Mg v sedimentoch malej vodnej nadrze (MVN) Blatné. MVN Blatné sa
nachadza v Bratislavskom kraji, okrese Senec. Bola budovana v rokoch 1965 az 1968, kedy naslednej bola
spustena do trvalej prevadzky. Je vybudovana na vodohospodarsky vyznamnom vodnom toku Stoli¢ny potok.
Povodie MVN ma plochu 62,168 m? s priemernym sklonom 9,32 %, celkova zatopena plocha je 15,76 ha
a projektovany zasobny objem 310 000 m?®. Slizi na intenzivny chov ryb, zavlahu a vodné $porty, najmi
vodné lyzovanie.

Sedimenty boli odobrané po vylove v decembri roku 2023, v troch prie¢nych liniach, v piatich bodoch, v
dvoch hibkach 5 a20 cm. Spolu bolo odobranych 30 vzoriek. Vzorky sme na analyzu pripravili susenim
v laboratornej susiarni pri teplote 105 °C do konsStantnej hmotnosti, rozdrvenim a preosiatim cez 2 mm
sito. Pred samotnou analyzou bola vzorka homogenizovana premieSanim a kvartovanim. Zrnitostné zloZenie
sedimentov sme merali pomocou analyzatora podnych Castic Pario (Meter Group, Nemecko). PARIO pouziva
metddu integralnej suspenzie na uréenie distribucie velkosti Castic z poklesu tlaku v hibke merania v
suspenzii. Je zalozené na Stokesovom zakone. Samotné meranie prebiehalo pomocou softvéru PARIO control,
kde ako vstupné tidaje boli zadané mernd hmotnost’ vzorky a hmotnost’ pouzitej vzorky. Spresnenie vysledkov
bolo doplnené vysledkami mokrého sitovania pri vel'kosti sit 500, 250 a 50 um, pricom vysuSené mnozstvo
zachytenych sedimentov na jednotlivych sitach bolo dopocitané na percentualny podiel a zadané do softvéru.
Na zaklade tychto udajov softvér vypocital podiel frakcie piesku, prachu a ilu a urcil pédny druh podl'a USDA
klasifikacie. Prvky P, Ca, Ni, Zn a Mg v sedimentoch sme analyzovali za pomoci ru¢ného, energetického,
disperzného, rontgenového, fluorescencného spektrometra (XRF) Vanta. Vysusené a homogenizované vzorky
boli analyzované patkrat, pricom boli medzi jednotlivymi meraniami premieSané. Z vykonanych analyz bol
vypocitany aritmeticky priemer, ktory sme pouzili pri vyhodnocovani. Vysledky laboratérnych analyz boli
vyhodnotené pomocou Statistickych metdéd. Pre porovnanie vysledkov v MVN sme pouzili Pearsonov
korelacny koeficient a regresny koeficient. Pre interpretaciu Pearsonovho korela¢ného koeficientu sme pouzili
hodnoty podl'a Chajdiaka.

Vysledky korelacie aregresie ukazuju na pozitivnu strednti zavislost hodnoét podielu ilu aprvkov Ni
a Zn, slabu zavislost’ pre P a ziadnu pre Mg. Prvok Ca ma negativnu slabu zavislost’ na podiele ilovitych Castic.
Z vysledkov vyplyva, Ze mikroprvky maju vacsiu tendenciu byt viazané na jemné podne Castice, zatial’ co
makroprvky viac podliehaju transportu v ramci nadrze a uvolnovaniu do vodného prostredia.

Kruicové slova: sedimenty, antropogénny vplyv, priestory vodnej nadrze, zavislost’
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ABSTRACT

Sediments in water bodies are the result of processes occurring in the landscape. The composition and quantity
of bottom sediments that accumulate in surface water bodies, such as watercourses and reservoirs, reflect the
ecological condition of the area. It provides information not only on the impact of human activity but also on
the erosion processes occurring in a given watershed. Sediments in water reservoirs reduce the reservoir’s
capacity, thereby affecting the original function for which they were built. On the other hand, they can also be
a source of nutrients and trace elements essential for plant growth. The aim of this paper is to analyse the
relationship between the proportion of the clay component of bottom sediments (particles under 2 um) and
the content of the elements P, Ca, Ni, Zn, and Mg in the sediments of the Blatné Small Water Reservoir
(SWR). The SWR Blatné is in the Bratislava Region, Senec District. It was constructed between 1965 and
1968, after which it was put into permanent operation. It is built on the Stolicny potok, a watercourse of
significant importance for water management. The reservoir’s catchment area covers 62,168 m? with an
average slope of 9.32%; the total flooded area is 15.76 ha, and the designed storage capacity is 310,000 m?. It
is used for intensive fish farming, irrigation, and water sports, particularly water skiing.

Sediment samples were collected after the fish catching in December 2023 along three transects at five points
and at two depths (5 and 20 cm). A total of 30 samples were collected. We prepared the samples for analysis
by drying them in a laboratory oven at 105 °C to constant weight, crushing them, and sieving them through a
2 mm sieve. Before the analysis itself, the sample was homogenized by mixing and quartering. We measured
the grain size composition of the sediments using a Pario soil particle analyser (Meter Group, Germany).
PARIO uses the integral suspension method to determine the particle size distribution based on the pressure
drop at the measurement depth in the suspension. It is based on Stokes’ law. The measurement itself was
performed using PARIO Control software, where the specific gravity of the sample and the mass of the sample
used were entered as input data. The results were refined using wet sieving results with sieve sizes of 500,
250, and 50 pm, where the dried mass of sediment retained on each sieve was calculated as a percentage and
entered to the software. Based on all this data, the software calculated the proportions of sand, silt, and clay
fractions and determined the soil type according to the USDA classification. The elements P, Ca, Ni, Zn, and
Mg in the sediments were analysed using a Vanta handheld, energy-dispersive X-ray fluorescence (XRF)
spectrometer. The dried and homogenized samples were analysed five times and were mixed between
individual measurements. The arithmetic mean was calculated from the 5 analyses performed and used for the
evaluation. The results of the laboratory analyses were evaluated using statistical methods. To compare the
results in the SWR, we used Pearson’s correlation coefficient and the regression coefficient. To interpret
Pearson’s correlation coefficient, we used values according to Chajdiak.

The correlation and regression results indicate a positive moderate dependence of the values of the clay
fraction and the elements Ni and Zn, a weak dependence for P, and none for Mg. The element Ca has a weak
negative dependence on the clay fraction. The results indicate that microelements tend to be more strongly
bound to fine soil particles, while macroelements are more susceptible to water transport within the reservoir
and release into the aquatic environment

Keywords: sediments, anthropogenic impact, storage area of small water reservoir, statistical relationship
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EUROPEAN FLOOD AWARENESS SYSTEM - VYVOJ, NOVINKY A VYZVY
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ABSTRAKT

Eurdpsky povodiovy varovny systém (EFAS) predstavuje kl'iCovy néstroj v ramci europskeho systému
v€asného varovania pred povodnami, ktorého hlavnou tlohou je poskytovat’ hydrologické predpovede
a informacie o povodinovom riziku narodnym hydrometeorologickym sluzbam, organom civilnej ochrany
a d’al$im partnerom. Podpora v€asného a efektivneho rozhodovania pri manazmente povodnovych situacii
na nadnarodnej Urovni, predovsetkym v povodiach presahujucich hranice jednotlivych Statov prebieha
v koordindcii so Spolo¢nym vyskumnym centrom (JRC) patriacim pod Eurépsku komisiu. EFAS ako multi-
ansamblovy predpovedny systém, existujuci uz takmer 15 rokov v nepretrzitej operativnej prevadzke
je sucastou Sluzby programu Copernicus pre krizové riadenie (CEMS) a svoje vystupy doruCuje tiez
Europskemu  Koordinaénému centru pre reakcie na nudzové situacie (ERCC). Slovensky
hydrometeorologicky ustav (SHMU) je su¢astou konzorcia tvoriaceho Distribuéné centrum zodpovedné za
operativnu prevadzku v S$tadiu spracovania predpovednych materidlov a tvorby k nim prislachajucich
vystupov.

EFAS ako dynamicky a neustdle sa vyvijajici mechanizmus presiel v uplynulych rokoch niekolkymi
drobnymi, ale aj zdsadnych zmenami a inovaciami, ktoré reaguji na poziadavky pouzivatel'ov, dostupnost’
a zvySujuci sa pocet vstupnych dat, ale aj na rastice extrémy spdsobené klimatickou zmenou. Aktualizacie
sa zameriavaju najmé na zlepSenie presnosti predpovede, rozSirenie portfolia produktov a modernizaciu
celého predpovedného cyklu. Posledna aktualizacia bola uvedena do prevadzky vo februéri 2026 a zahtnala
novu vizualizaciu mapového prehliadaca a webovej stranky EFAS-IS a tiez drobné vylepSenia d’alSich
produktov. Jednym z vyznamnych milnikov v priebehu roka 2025 bola implementacia deterministického
modelu ECMWEF Artificial Intelligence Forecasting System (AIFS Single), ktory dopiiia existujuce vstupné
udaje pre meteorologické predpovede (ansamblové predpovede IFS ENS a COSMO-LEPS a deterministicku
predpoved’ ICON). Tento model (AIFS) bol tiez zahrnuty do post-procesovanych hydrologickych predpovedi.
Dalsie zmeny sa tykali integracie satelitu Sentinel-1C do operacii Globalneho monitorovania povodni (Global
Flood Monitoring - GFM), ktory doplia uZ existujuci satelit Sentinel-1A a tpravu metodiky post-procesingu,
ktora vyrazne zlepSuje detekciu povodni mensieho rozsahu.

Eurdpu pocas minulého roka zasiahla cela skéla zrazkovych udalosti, od konvektivnych burok az po rozsiahle
tlakové nize. Meteorologicky tirad Spojeného kralovstva, Met Eireann a organizacia KNMI (Holandsko)
pomenovali v roku 2025 4 tlakové nize v severozapadnej Europe. Dynamicky vyvoj poveternostnych
podmienok podmienil vznik ¢asopriestorovo rozsiahlych povodiiovych udalosti na prelome rokov 2025/2026
v zapadnej a juznej Eurdpe a v krajinach zapadného Balkanu, ktoré sa stali vyzvou pre operativnu prevadzku
sluzieb EFASu. Prave pocas takychto situacii je jednym z kI'i€ovych faktorov spolupraca operacnych centier,
no najmd komunikécia a spédtnd vizba partnerov. EFAS ako platforma zabezpecCujica v€asné informacie
o moznom vyskyte povodni nema za ciel hydrometeorologickym sluzbam konkurovat, ale poskytovat
doplnkové informécie na zéklade robustnej ponuky produktov a sluzieb. EFAS partneri profituju nielen
z pristupu k hydrologickym predpovediam v redlnom case, notifikdciam a satelitnym produktom, ale aj
z vytvarania sieti medzi EFAS partnermi a vymeny informadcii, ¢1 inovacii.

Kracové slova: Eurdpsky povodiovy varovny systém (EFAS), AIFS Single, hydrologickd predpoved,
satelitné snimkovanie
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AND CHALLENGES

Martin Halaj '*, Beata Randusova 2, Marcel Zvolensky 3
! Slovak Hydrometeorological Institute, Zelena 5, 974 04 Banska Bystrica, Slovak Republic

2 Slovak Hydrometeorological Institute, Jeséniova 2305/17, 831 01 Bratislava, Slovak Republic
3 Slovak Hydrometeorological Institute, Boricka cesta 103, 011 13 Zilina, Slovak Republic

*corresponding author: martin.halaj@shmu.sk

ABSTRACT

The European Flood Awareness System (EFAS) is a key component of the European early warning system
for floods, whose primary role is to provide hydrological forecasts and flood risk information to national
hydrometeorological services, civil protection authorities, and other partners. Support for timely and effective
decision-making in flood management at the transnational level, particularly in river basins that cross national
borders, is provided in coordination with the Joint Research Centre (JRC) under the European Commission.
EFAS, as a multi-ensemble forecasting system that has been in continuous operational use for nearly 15 years,
is a part of the Copernicus Emergency Management Service (CEMS) and delivers its outputs to the European
Emergency Response Coordination Centre (ERCC). The Slovak Hydrometeorological Institute (SHMI) is part
of the consortium forming the Distribution Centre responsible for operational activities in the processing
of forecast data and the generation of corresponding outputs.

As a dynamic and constantly evolving mechanism, EFAS has undergone several minor and major changes
and innovations in recent years in response to user requirements, the availability and increasing volume
of input data, as well as the growing frequency of extremes caused by climate change. Updates focus primarily
on improving forecast accuracy, expanding the product portfolio, and modernizing the entire forecasting cycle.
The latest update was released in February 2026 and included a new visualization of the map viewer and the
EFAS-IS website, as well as minor improvements to other products. One of the significant milestones in 2025
was the implementation of the ECMWF Artificial Intelligence Forecasting System (AIFS Single)
deterministic model, which complements existing input data for meteorological forecasts (IFS ENS and
COSMO-LEPS ensemble forecasts and the ICON deterministic forecast). This model (AIFS) was also
incorporated into post-processed hydrological forecasts. Other changes included the integration of the
Sentinel-1C satellite into Global Flood Monitoring (GFM) operations, which complements the existing
Sentinel-1A satellite, and an adjustment to the post-processing methodology, which significantly improves
the detection of smaller-scale floods.

Over the past year, Europe has been hit by a wide range of precipitation events, from convective storms
to extensive low-pressure systems. In 2025, the UK Met Office, Met Eireann, and the KNMI (Netherlands)
identified four low-pressure systems in northwestern Europe. The dynamic evolution of weather conditions
led to the occurrence of spatiotemporally extensive flooding events at the turn of 2025/2026 in western and
southern Europe, as well as in the countries of the Western Balkan, which posed a challenge for the operational
functioning of EFAS services. It is precisely during such situations that cooperation among operational centres
is a key factor, but communication and partner’s feedback are especially crucial. As a platform providing
timely information on potential flooding, EFAS does not aim to compete with hydrometeorological services
but to provide supplementary information based on a robust range of products and services. EFAS partners
benefit not only from access to real-time hydrological forecasts, notifications, and satellite products, but also
from networking among EFAS partners and the exchange of information and innovations.

Keywords: European Flood Awareness System (EFAS), AIFS Single, hydrological forecast, satellite imagery
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ABSTRAKT

Druzicové misie GRACE (Gravity Recovery and Climate Experiment 2002 — 2017) a nasledujuca Follow-on
misia GRACE-FO (2018-doteraz) dokdazu monitorovat’ zmeny celkového mnozstva vody na kontinentoch
(Total Water Storage — TWS) pomocou merania zmien tiazového zrychlenia. Zakladné produkty tychto
druzicovych misii su globalne modely tiazového pola vo forme sférickych harmonickych koeficientov
tiazového potencialu, ktoré umoznuju priestorové rozliSenie priblizne 220 km pri ¢asovom kroku 1 mesiac.
Zmeny tiazového pola je mozné, z dovodu jednoduchSieho vnimania a interpretdcie, transformovat’ na
ekvivalentni vysku vodného stipca (Equivalent Water Thickness — EWT) vyjadrent v metrickej miere.
Vzhl'adom na to, ze mame k dispozicii uz viac nez 20-ro¢ny ¢asovy rad, je mozné analyzovat’ nielen sezoénne
zmeny alebo extrémne udalosti, ale aj dlhodoby trend. Ciel'om tohto prispevku je predstavit’ analyzu casovych
zmien EWT v povodi Dunaja vypocitanych z dat misii GRACE/GRACE-FO a poukézat’ na to, aké udalosti
sme schopni z tychto dat zachytit’. Dalsim cielom je pozriet sa na dosiahnuté vysledky pohl'adom hydrologa
a porovnat’ vysledky s vybranymi ,,in situ® hydrologickymi meraniami vykonanymi na slovenskej casti
povodia Dunaja. Casovy rad EWT bol modelovany pomocou dekompozicie na polynomicky trend, sezénnu
zlozku s periddou 12 mesiacov a cyklické zlozky, ktorych periddy boli odhadnuté pomocou periodogramu.
Reziduédlny Casovy rad bol nésledne eSte modelovany pomocou Box-Jenkinsovej metodologie (modely
ARIMA).

KPucové slova: druzicova gravimetria, celkové mnozstvo vody na kontinentoch, ekvivalentné vyska vodného
stlpca, analyza ¢asovych radov
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ABSTRACT

Satellite missions GRACE (Gravity Recovery and Climate Experiment 2002 — 2017) and its Follow-on
mission GRACE-FO (2018-now) can monitor changes of continental Total Water Storage (TWS) by
measuring the gravity changes. One of the main products of these missions are global gravity field models in
form of spherical harmonic coefficients of gravity potential, which enables spatial resolution of about 220 km
while temporal resolution (sampling rate) is 1 month. Gravity changes are usually transformed, due to more
straightforward perception and interpretation, into Equivalent Water Thickness (EWT) quantity, expressed in
a metric measure. Given that we already have more than 20-years’ time series, we are able to analyse not only
the seasonal changes or extreme events, but also long-term trend. Aim of this contribution is to introduce the
EWT time series analysis averaged for the whole Danube River Basin based on GRACE/GRACE-FO data
and point out what hydrological events we can detect. Next, we would like to check our results by selected in-
situ hydrological measurements performed on Slovak part of the Danube River. EWT time series was
modelled using decomposition into the polynomial trend, the seasonal component with 12 months period and
the cyclic components where periods were estimated using Fourier periodogram. Consequently, the residual
time series was modelled using Box-Jenkins methodology (ARIMA models).

Keywords: satellite gravimetry, total continental water storage, equivalent water thickness, time series
analysis
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ABSTRAKT

Predmetom prispevku je posudenie aktualneho stavu protipovodiiovej ochrany obci nachddzajicich sa pod
Malymi Karpatmi na Zahori - konkrétne obce Marianka a mestska Cast’ Zahorska Bystrica a jej pril'ahlého
uzemia na povodnové prietoky s dobou opakovania Qieo s naslednym navrhom opatreni. Této analyza vznikla
na zaklade objednavky starostov tychto obci po povodnovej situdcii, ktora nastala v septembri 2024 a ohrozila
vel'ku cast’ Zahoria — Marianku a Zahorsku Bystricu nevynimajuc.

Ciel'om rieSenia bola analyza sucasného stavu povrchovych tokov a s tym stuvisiace posudenie povodiiového
ohrozenia obce v stcasnych podmienkach, stanovenie priebehu povodnovej situicie v pripade prechodu
povodiovej viny Q100 obcou podla podkladov SHMU v stcasnosti a navrh vodozadrznych opatreni (suchych
poldrov) na tokoch v tizemi nad spominanymi obcami na zadrzZanie zraZzkovej vody v lesoparku nad obcami.
K splneniu tychto uloh boli v ramci rieSenia vypracované 2D simuldcie pradenia povrchovej vody pre
zadefinovant povodiiova vinu Qi podla podkladu SHMU a vypodet jej transformacie, t. j. splotenia jej
maximalnej hodnoty a ¢asového oneskorenia.

Na urcenie hladinového rezimu uvedenych potokov v zdujmovej oblasti bol pouzity dvojdimenzionalny
matematicky model HEC-RAS 2D v6.3.1. Pri numerickej analyze bola pouzitda metoda dynamickej viny,
znama ako Saint-Venantova rovnica, ktord popisuje nestaciondrne prudenie v otvorenych korytach. Model
HEC-RAS 2D ju vyuziva v aproximovanej forme rovnic plytkej vody. V tychto rovniciach sa zanedbavaju
vertikalne zloZzky rychlosti a predpoklada sa nestlacite'nost” kvapaliny s konsStantnou hustotou.

Vysledkom analyzy prechodu povodnovej viny obcou metdodou matematického modelovania s mapy
zaplavového uzemia, znizoriujlice rozsah zatopenia, hibky a rychlosti pradenia pre jednotlivé simulované
prietoky Q1o0, ako aj ndvrh vodozadrznych opatreni znazornenych na obrazku.

H=239.00 m n.m.
V=4525 m3

BiofilD" ;
H=247.50 m n.m.
V=500 m3

Loklaita C|

Klacové slova: protipovodiova ochrana, povodnova vina, digitalny model relié¢fu, HEC-RAS, polder
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ABSTRACT

The subject of the contribution is an assessment of the current state of flood protection of municipalities
located below the Little Carpathians in Zahorie region - specifically the municipalities of Marianka and the
urban district of Zahorska Bystrica and its adjacent area for flood flows with a recurrence period of Qioo with
subsequent proposal of measures. This analysis was created based on the order of the mayors of these
municipalities after the flood situation that occurred in September 2024 and threatened a large part of Zahorie
- including Marianka and Zahorska Bystrica.

The goal of the solution was the analysis of the current state of surface flows and the related assessment of the
flood threat to the municipality in current conditions, determination of the course of the flood situation in the
event of a Qioo flood wave passing through the municipality according to the current SHMI data, and the
design of water retention measures (dry polders) on the flows in the area above the aforementioned
municipalities to retain rainwater in the forest park above the municipalities. To fulfil these tasks, 2D
simulations of surface water flow for a defined flood wave Qioo according to the SHMU data and the
calculation of its transformation, i.e. flattening of its maximum value and time delay, were developed within
the solution.

To determine the water level regime of the mentioned streams in the area of interest, the two-dimensional
mathematical model HEC-RAS 2D v6.3.1 was used. The numerical analysis used the dynamic wave method,
known as the Saint-Venant equation, which describes unsteady flow in open channels. The HEC-RAS 2D
model uses it in the approximate form of shallow water equations. In these equations, vertical velocity
components are neglected and the incompressibility of the fluid with constant density is assumed.

The result of the analysis of the flood wave passage by the municipal method of mathematical modeling are
maps of the floodplain, showing the extent of flooding, depth and flow velocity for individual simulated Q100
flows, as well as the design of water retention measures shown in the figure.

H=235.00 mnm
V=455 m3

Keywords: flood protection, flood wave, digital relief model, HEC-RAS, detention reservoir
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ABSTRAKT

Referencna evapotranspiracia (ET0) je kluiCovou wveli¢inou pri planovani zavlah, pretoze vyjadruje
atmosférick poziadavku na vypar a tvori zaklad pre odhad potreby vody rastlinami. Metoda FAO-56
Penman—Monteith sa vSeobecne povazuje za referenény postup, jej praktické vyuzitie je vSak Casto
obmedzené dostupnost’ou meteorologickych tdajov (radidcie, vlhkosti vzduchu, rychlosti vetra a teploty). V
mnohych stadiach tieto veli¢iny nie su uplne dostupné. Preto su potrebné zjednodusené metody s menSim
poctom vstupov, pokial’ si zachovaji dostatonu presnost’ pre riadenie zavlah.

Tato Stidia hodnoti vyuzitie umelej inteligencie a modelov strojového ucenia pri odhade ET0 v podmienkach
obmedzenej dostupnosti tdajov a analyzuje, ako sa chyby v odhade evapotranspirdcie prendsaju do
zévlahového rezimu. Ako referen¢na metdda bola pouzitd FAO-56 Penman—Monteith. S fiou boli porovnané
dva alternativne pristupy: model strojového ucenia CatBoost a modifikovana empirické rovnica Hargreaves—
Samani optimalizovand pomocou diferencialnej evolucie. Oba pristupy vyuzivali ako merané meteorologické
vstupy iba denni minimalnu a maximalnu teplotu vzduchu. V modeli strojového ucenia boli navySe odvodené
fyzikdlne a sezdnne prediktory, napriklad radidcia pri jasnej oblohe, rekonStruovana vlhkost’, potencidlna
evapotranspirdcia podl'a Oudina, deni v roku, cyklické transformécie sezénnosti a mesacné faktory.

Metodika bola aplikovana na meteorologicku stanicu Hurbanovo za obdobie rokov 2006—-2020. Ako modelova
plodina bola pouzita cukrové repa a zavlahovy rezim bol simulovany pomocou modelu pddnej vodnej bilancie
s prahom pripustného vycCerpania podnej vody. Zavlahové rezimy boli vytvorené samostatne z
evapotranspiraénych radov podla FAO, modelu strojového ucenia a metédy Hargreaves—Samani. Na
posudenie praktickych ddsledkov zjednodusenych odhadov evapotranspiracie boli ziskané zavlahové rezimy
nasledne opidtovne simulované pri pouziti evapotranspiracie podla FAO. Tym bolo mozné hodnotit’ nielen
Statisticku presnost’, ale aj vplyv na zavlahové davky, vyCerpanie podnej vody a vodny stres rastlin.
Vysledky ukézali, Ze oba zjednodusené pristupy reprodukovali FAO ETO s primeranou presnost’ou, model
strojového ucenia vSak dosiahol lepSie vysledky. Mal niz§iu hodnotu RMSE, vyssSie hodnoty R* a NSE a
takmer nulové skreslenie. Hoci sezonne thrny zavlahy boli pri oboch zjednodusenych pristupoch podobné,
ich vplyv na spolahlivost zavlah sa vyrazne liSil. Rezimy zalozené na metdde Hargreaves—Samani
sposobovali vysSiu zadvaznost’ stresu, CastejSie stresové dni, nizSie minimélne hodnoty stresového koeficienta
FAO a dlhsie obdobia nadmerného vycerpania podnej vody. Naopak, rezimy odvodené z modelu strojového
ucenia boli blizsie referenénému spravaniu podl'a FAO a viedli k nizSiemu stresu rastlin.

Studia ukazuje, Ze modely evapotranspiracie nemozno hodnotit’ iba pomocou $tatistickych ukazovatel'ov, ako
su RMSE alebo skreslenie. V zdvlahovom hospodarstve je rozhodujuce aj asovanie a rozdelenie chyb, pretoze
aj mierne chyby evapotranspiracie sa moézu preniest do podnej vodnej bilancie a ovplyvnit’ stres plodin.
Vysledky naznacujl, ze strojové ucenie moze zlepsit planovanie zavlah pri nedostatku meteorologickych
udajov a predstavuje perspektivnu alternativu k empirickym teplotnym rovniciam.

KPucové slova: Referencna evapotranspiracia; strojové ucenie; limitované klimatické udaje.
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EVAPOTRANSPIRATION AND THEIR EFFECTIVENESS IN IRRIGATION

Milan Cisty !
! Department of Land and Water Resources Management, Faculty of Civil Engineering, Slovak University of Technology
in Bratislava, Radlinského 11, 810 05 Bratislava, Slovak Republic

*Corresponding author: milan.cisty@stuba.sk

ABSTRACT

Reference evapotranspiration (ETO) is a key variable in irrigation planning because it represents atmospheric
evaporative demand and forms the basis for estimating crop water requirements. The FAO-56 Penman—
Monteith method is commonly accepted as the reference approach, but its application is often limited by the
need for complete meteorological data (radiation, humidity, wind speed and temperature). In many operational
or historical studies, these variables are not fully available. Therefore, simplified methods requiring fewer
inputs are needed, especially if they can maintain sufficient accuracy for irrigation management.

This study evaluates the use of artificial intelligence and machine learning models for estimating ETO under
limited-data conditions and analyses how errors in evapotranspiration estimation affect irrigation scheduling.
The FAO-56 Penman—Monteith method was used as the benchmark. Two alternative approaches were
compared with it: a CatBoost machine learning model and a modified Hargreaves—Samani empirical equation
optimized by differential evolution. Both approaches used only daily minimum and maximum air temperature
as measured meteorological inputs. In the machine learning model, additional physically based and seasonal
predictors were derived, such as clear-sky radiation, reconstructed humidity, Oudin potential
evapotranspiration, day of year, cyclic seasonal transformations and monthly factors.

The methodology was applied to the Hurbanovo meteorological station in southwestern Slovakia for the
period 2006-2020. Sugar beet was used as the model crop, and irrigation scheduling was simulated using a
soil water balance model with a management allowed depletion threshold. Irrigation schedules were generated
separately from FAO-based, machine-learning-based and Hargreaves—Samani-based evapotranspiration
series. To assess the practical consequences of simplified evapotranspiration estimates, the resulting irrigation
schedules were then re-simulated under FAO evapotranspiration forcing. This allowed the evaluation of not
only statistical accuracy, but also the effects on irrigation depth, soil water depletion and plant water stress.
The results showed that both simplified approaches reproduced the FAO reference evapotranspiration with
reasonable accuracy, but the machine learning model performed better. It achieved lower RMSE, higher R?
and NSE, and almost zero bias. Although seasonal irrigation totals were similar for both simplified approaches,
their effects on irrigation reliability differed substantially. The Hargreaves—Samani-based schedules produced
higher stress severity, more frequent stress days, lower minimum values of the FAO stress coefficient and
longer periods of excessive soil water depletion. In contrast, the machine-learning-based schedules were closer
to the FAO reference behaviour and led to lower plant stress.

The study demonstrates that evapotranspiration models should not be evaluated only by statistical indicators
such as RMSE or bias. In irrigation management, the timing and distribution of errors are crucial because even
moderate evapotranspiration errors may propagate into soil water balance and affect crop stress. The results
indicate that machine learning can improve irrigation scheduling under limited-data conditions and represents
a promising alternative to empirical temperature-based equations.

Keywords: Reference evapotranspiration; machine learning; limited climate data.
Acknowledgements: This research was funded by the VEGA Grant Agency under No. 1/0724/26.

105



X. HYDROLOGICKE DNI 2026 Xth HYDROLOGICAL DAYS 2026
Bratislava, 16. — 18. 6. 2026
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ABSTRAKT

Projekt Destination Earth (DestinE) je ambiciézna iniciativa Eurdpskej komisie zamerana na vytvorenie
vysoko presného digitadlneho modelu Zeme — tzv. digitalneho dvojcata. Jej cielom je modelovat,, monitorovat’
a simulovat’ prirodné javy, rizikéd a ich dopady na l'udské aktivity. Prvé dve digitalne dvojcatd st zamerané
na simuldciu extrémov sposobenych pocasim (Extremes DT) a adaptaciu na zmenu klimy (Climate Adaptation
DT). Sucastou Extremes DT je regiondlny nastroj On-Demand Extremes DT (DEODE), ktory umoziiuje na
poziadanie realizovat’ predpovede a analyzy extrémnych prejavov pocasia nad Eurépou v subkilometrovom
rozliSeni, zamerané na konkrétne udalosti, ako st burky, povodne, viny horuc¢av a znecistenie ovzdusia. Odbor
hydrologickych predpovedi a vystrah (OHPaV) Slovenského hydrometeorologického ustavu (SHMU) sa
zapojil do testovania pridanej hodnoty predpovedi zrazok s vyuzitim hydrologickych modelov
prevadzkovanych v ndrodnom predpovednom systéme. Pozornost’ sa ststredila najmé na analyzu citlivosti
hydrologickych modelov na predpovede zrazok s vysokym rozliSenim (DT) a reanalyzu extrémnych
povodinovych udalosti.

V prvej faze projektu (2022 — 2024) boli testované rozne konfiguracie zrazkovo-odtokovych modelov HBV
a HEC-HMS, ako aj deterministické predpovede zrdzok s rdoznym priestorovym rozliSenim
(ALADIN/ALARO 4,5 km, DT 2 km a DT 750 m). Cennu spétnt vézbu priniesol nasledny workshop, ktory
OHPaV zorganizovalo pre Slovensky vodohospodarsky podnik, §.p., ako pouzivatela hydrologickych
predpovedi. Druha faza projektu (2024 — 2026) sa sustredila na problematiku neistét v hydrologickom
modelovani a posun sluzby do pred-operativnej fazy. Ako vstupy do hydrologického modelu boli pouzité
ansamblové predpovede zrazok zo systému A-LAEF s rozliSenim 4,8 km a deterministickd DT predpoved’ s
rozliSenim 750 m. Ta tvorila zaklad na vytvorenie ansamblovej predpovede prietokov v zavislosti od
meniacich sa pociatoénych podmienok, ktoré reprezentovali rézne urovne nasytenia krajiny pred povodiovou
udalostou. Zaverecnou ulohou bolo definovanie spastacich kritérii (triggering) z pohl'adu narodnej sluzby,
pri splneni ktorych by bolo mozné automaticky vyziadat' DT predpoved’ zraZok s vysokym rozliSenim.
Vysledky reanalyzy povodiiovych vin a hindcastovych experimentov v povodiach horného Hrona v maji 2021
(1. faza) a Kysuce v septembri 2024 (2. faza) potvrdili, Ze hydrologické modely v operativnej prevadzke st
vysoko citlivé na objem a priestorové rozlozenie zrdzok, ako aj poc¢iato¢né podmienky nasytenia povodia pred
povodiiou. Hoci nové konfiguracie modelov nepriniesli okamzité vyrazné zlepsenie, potvrdili potencidl DT
dat pri simulécii vyssich prietokov a lep§om zachyteni dynamiky povodiiovych vin.

Integracia DT predpovedi do operativnej praxe prindsa viaceré metodické a technické naroky. Nevyhnutna je
automatizacia celého proces toku informacii a dat — od vyziadania DT predpovedi cez ich spracovanie az po
vyslednu vizualizaciu. Vyzvou zostava aj priestorové rozliSenie hydrologickych predpovednych modelov,
ktoré moze limitovat’ prinos meteorologickych predpovedi s vysokym rozliSenim. V neposlednom rade
vyznamna bola aj spolupraca s eurdpskymi predpovednymi hydrologickymi sluzbami a vzdjomna vymena
sktsenosti.

KPucové slova: DestinE, predpoved’ zrazok, vysoké rozliSenie, hydrologické predpovede, neistoty, SHMU.
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ABSTRACT

The Destination Earth (DestinE) project is an ambitious initiative of the European Commission aimed
at creating a high-precision digital model of the Earth — a so-called digital twin. Its goal is to model, monitor,
and simulate natural phenomena, hazards, and their impacts on human activities. The first two digital twins
focus on the simulation of weather-induced extremes (Extremes DT) and climate change adaptation (Climate
Adaptation DT). A key component of the Extremes DT is the regional On-Demand Extremes DT (DEODE)
tool, which enables on-demand forecasts and analyses of extreme weather events over the European continent
at sub-kilometre resolution, targeting specific events such as storms, floods, heatwaves, and air pollution. The
Department of Hydrological Forecasts and Warnings (HFW) of the Slovak Hydrometeorological Institute
(SHMU) has been involved in testing the added value of precipitation forecasts using hydrological models
operated within the national forecasting system. Particular attention was paid to the sensitivity analysis of
hydrological models to high-resolution (DT) precipitation forecasts and the reanalysis of extreme flood events.
In the initial phase of the project (2022—2024), various configurations of the HBV and HEC-HMS rainfall-
runoff models were evaluated, as well as deterministic precipitation forecasts with different spatial resolutions
(ALADIN/ALARO 4.5 km, DT 2 km, and DT 750 m). Valuable feedback was provided by a subsequent
workshop organised by HFW SHMU for the Slovak Water Management Enterprise (SVP) as a primary user
of hydrological forecasts. The second phase of the project (2024-2026) focused primarily on the issue of
uncertainties associated with hydrological modelling and the transition of the service into a pre-operational
phase. To address these uncertainties, ensemble precipitation forecasts from the A-LAEF system (4.8 km
resolution) and deterministic DT forecasts (750 m resolution) were used as forcing data for the hydrological
models. The deterministic precipitation forecast served as the basis for creating ensemble discharge forecasts
depending on varying initial conditions, which represented different levels of catchment saturation prior to the
flood event. The final task was to define the triggering criteria from the perspective of the national service.
An automated request would then be generated for high-resolution DT precipitation forecasts when these
criteria were met.

Results from the reanalysis of flood waves and hindcast experiments in the upper Hron River basin (May
2021, Phase 1) and the Kysuca River basin (September 2024, Phase 2) highlighted that hydrological models
deployed in operational use are highly sensitive to the volume and spatial distribution of precipitation, as well
as to the initial saturation conditions of the catchment before a flood. Although the new model configurations
did not bring immediate significant improvement in all metrics, they confirmed the potential of DT data
in simulating higher peak flows and more accurately capturing dynamics of the flood waves.

The integration of DT forecasts into operational practice brings several methodological and technical
demands. Firstly, it is essential to automate the entire information and data flow — from the triggering of DT
forecasts through their processing to the final visualisation. The spatial resolution of hydrological forecasting
models also remains a challenge, as it may limit the full potential of high-resolution meteorological data.
Finally, international collaboration with European hydrological forecasting services and the sharing
of knowledge and experience have proven to be of significant importance.

Keywords: DestinE, precipitation forecast, high resolution, hydrological forecast, uncertainties, SHMU
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ABSTRAKT

Presné predpovedanie prietokov pre rozne Casy predstihu je kI'i€ové pre vystrahy pred povodnami, planovanie rezimu
vodnych elektrarni a riadenie vodnych zdrojov na vyznamnych eurdpskych riekach. Tato Sttdia predstavuje doslednt,
systematickll abla¢nu analyzu siedmich architektir hlbokého ucenia (LSTM, GRU, RNN, CNN, CNN-LSTM, CNN-
GRU a Transformer) aplikovanych na predpovedanie prietokov na 1, 7 a 30 dni vopred pre vodomernu stanicu Dunaj —
Bratislava, s vyuzitim 124-roénych dennych zaznamov (1901-2024). Hlavnou vyskumnou otazkou je, ¢i
predspravovanie pomocou diskrétnej vinkovej transformacie (DWT) zlepSuje predikéné schopnosti naprie¢
architektirami a horizontmi, alebo ¢i je jej prinos Specificky pre konkrétnu architekturu a horizont.

Vsetky modely boli trénované a vyhodnocované pomocou protokolu vnorenej krizovej validacie s posuvajicim sa
oknom, priCom optimalizacia hyperparametrov pomocou nastroja Optuna bola aplikovana nezavisle pre kazda
kombinaciu architektiry, sady priznakov a horizontu. Kvantifikdcia neistoty bola rieSend prostrednictvom hlbokych
ensemblov a Monte Carlo Dropoutu. Schopnost’ modelov sa hodnotila pomocou Nashovho-Sutcliffovho koeficientu
ucinnosti (NSE), Klingovej-Guptovej u¢innosti (KGE) a skore CRPS (Continuous Ranked Probability Score), ako aj
pomocou stratifikovanych metrik NSE pre rezimy nizkych a vysokych prietokov.

Vysledky odhaluju vyrazni priepast vo vykonnosti medzi architektrami. Architektira CNN sa ukazala ako
jednoznacne najlepsia pre 1-dnovy horizont, pri¢om dosiahla priemerné NSE 0,848 so §tandardnymi priznakmi a 0,889
s vinkovymi priznakmi, o predstavuje najvyssiu celkovi presnost’ v experimente. Hydrogramy potvrdzuju, ze CNN
tesne sleduje sezonne recesné vetvy aj jednotlivé povoditové vrcholy, pricom vinkové predspracovanie vidite'ne znizuje
dekompozicii pri 1-dilovom predstihu (+0,309 NSE, z 0,295 na 0,604), ¢im sa potvrdilo, ze frekvenéna dekompozicia s
viacnasobnym rozliSenim moéze vyrazne kompenzovat’ tazkosti mechanizmu pozornosti pri vyuzivani autokorelacie s
kratkym posunom v casovych radoch prietokov. Bodové grafy pre CNN aj Transformer pri 1-diiovom horizonte
vykazuju vd’aka vinkovym priznakom uzSie zhlukovanie okolo idedlnej Ciary 1:1 a vyrazne menej extrémnych
nadhodnoteni. Naopak, rekurentné architektary (LSTM, GRU, RNN) a hybridné konvolu¢no-rekurentné modely (CNN-
LSTM, CNN-GRU) nedosiahli kladné NSE na ziadnom horizonte ani kombinacii priznakov, pricom priemerné hodnoty
NSE sa zoskupili blizko nuly alebo vyrazne v zapornych hodnotach. Tento vykonnostny kolaps je konzistentny naprie¢
vsetkymi tromi predikénymi horizontmi a vinkové predspracovanie ho nezachranuje; v niekol’kych pripadoch (napr.
GRU, CNN-GRU na 30 dni) vinky mierne znizili schopnost modelu, pravdepodobne v ddésledku zvysenej
dimenzionality priznakov bez zodpovedajucej kapacity spracovania sekvencii.

ZhorSenie vykonnosti so zvySujucim sa horizontom predpovede bolo univerzalne. Siet CNN si udrzala miernu
uspesnost pri 7 ditoch (NSE = 0,643 Standardne, 0,503 s vinkami), ale pri 30 dioch klesla takmer na nulu, o je vzorec
konzistentny so zakladnym limitom predvidatelnosti autoregresnych modelov zalozenych iba na prietokoch.
Transformer vykazoval vysoko variabilni citlivost’ na diZku horizontu: vinkové priznaky zlepsili 7-diiové NSE o +0,687
(z —0,709 na —0,023), no pri 30 diloch spdsobili vazny kolaps (—0,662 ANSE). Tato nestabilita naznacuje, ze modely
zalozené na pozornosti si vyzaduju opatrnejSiu regularizaciu Specificku pre dany horizont a Ze tnik vinkovych priznakov
naprie¢ stupnami dekompozicie moze zaviest artefakty pri dlhSich oneskoreniach.

Graf suhrnného vplyvu viniek potvrdzuje, Ze Ziadna architektura neprofituje z DWT predspracovania rovnomerne
naprie¢ vSetkymi horizontmi. Pozitivne u€inky su sustredené v CNN na 1-dilovom horizonte a v Transformatore na 1-
a 7-diiovych horizontoch; inde s uCinky neutrdlne alebo Skodlivé. Tieto zistenia varuji pred tym, aby sa vinkové
predspravovanie automaticky povazovalo za univerzalne prospesné vylepSenie.

Kruacové slova: Hlboké ucenie, predpovedanie prietokov, diskrétna vinkova transformacia
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ABSTRACT

Accurate streamflow forecasting across multiple lead times is critical for flood warning, hydropower scheduling, and
water resource management along major European rivers. This study presents a rigorous, systematic ablation of seven
deep learning architectures, LSTM, GRU, RNN, CNN, CNN-LSTM, CNN-GRU, and Transformer, applied to 1-, 7-,
and 30-day ahead discharge forecasting at the Danube River gauging station at Bratislava, using 124 years of daily
records (1901-2024). The central research question is whether Discrete Wavelet Transform (DWT) preprocessing,
specifically a Daubechies-4 decomposition at level 4, consistently improves predictive skill across architectures and
horizons, or whether its benefit is architecture- and horizon-specific.

All models were trained and evaluated under a nested rolling-window cross-validation protocol, with Optuna
hyperparameter optimization applied independently for each architecture—feature—horizon combination. Uncertainty
quantification was addressed through deep ensembles and Monte Carlo Dropout. Model skill was assessed using the
Nash—Sutcliffe Efficiency (NSE), Kling-Gupta Efficiency (KGE), and Continuous Ranked Probability Score (CRPS),
as well as stratified NSE metrics for low- and high-flow regimes.

Results reveal a stark performance bifurcation between architectures. The CNN emerged as the clear top performer at
the 1-day horizon, achieving a mean NSE of 0.848 with standard features and 0.889 with wavelet features, the highest
overall skill in the experiment. Hydrographs confirm that the CNN closely tracks both seasonal recession limbs and
individual flood peaks, with wavelet preprocessing visibly reducing timing errors and sharpening peak reproduction.
The Transformer showed the largest absolute gain from wavelet decomposition at 1-day lead (+0.309 NSE, from 0.295
to 0.604), confirming that multi-resolution frequency decomposition can substantially compensate for the attention
mechanism's difficulty in exploiting short-lag autocorrelation in discharge series. Scatter plots for both CNN and
Transformer at the 1-day horizon show tighter clustering around the 1:1 line under wavelet features, with notably fewer
extreme over-predictions.

By contrast, recurrent architectures (LSTM, GRU, RNN) and hybrid convolutional-recurrent models (CNN-LSTM,
CNN-GRU) failed to produce positive NSE at any horizon or feature combination, with mean NSE values clustering
near zero or substantially negative. This performance collapse is consistent across all three forecast horizons and is not
rescued by wavelet preprocessing; in several cases (e.g., GRU, CNN-GRU at 30 days) wavelets slightly degraded skill,
likely due to increased feature dimensionality without commensurate sequence-processing capacity.

Performance degradation with increasing forecast horizon was universal. The CNN retained moderate skill at 7 days
(NSE = 0.643 standard, 0.503 wavelet), but dropped near zero at 30 days, a pattern consistent with the fundamental
predictability limit of discharge-only autoregressive models. The Transformer exhibited highly variable horizon
sensitivity: wavelet features improved 7-day NSE by +0.687 (from —0.709 to —0.023) yet caused a severe collapse at 30
days (—0.662 ANSE). This instability suggests that attention-based models require careful horizon-specific
regularisation and that wavelet feature leakage across decomposition scales may introduce artefacts at longer lags.

The wavelet impact summary chart confirms that no architecture benefits uniformly from DWT preprocessing across
all horizons. Positive effects are concentrated in CNN at the 1-day lead and Transformer at 1- and 7-day leads; elsewhere,
effects are neutral or detrimental. These findings caution against treating wavelet preprocessing as a universally
beneficial enhancement.

Keywords: Deep learning, streamflow forecasting, discrete Wavelet Transform
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ABSTRAKT

V dosledku klimatickych zmien dochédza na tizemi Slovenska k castejSiemu vyskytu privalovych zrazok,
ktoré vyrazne ovplyviiuju hydrologicky rezim urbanizovanych tzemi. V podhorskych castiach Bratislavy
predstavuje kombinacia vysokej sklonitosti reliéfu, urbanizacie a intenzivneho povrchového odtoku
vyznamny faktor vzniku vodnej erdzie a nasledného zanaSania kanalizacnej siete sedimentmi. Tato
problematika sa prejavuje najmé v mestskych Castiach situovanych na upati Malych Karpat, kde dochadza k
transportu podnych castic z lesnych a svahovitych uzemi do odvodniovacich objektov a kanalizacnych
systémov.

Ciel'om prace bolo analyzovat’ vztah medzi procesmi vodnej erozie pody a funkénost'ou kanalizacnej siete vo
vybranych lokalitach Bratislavy a identifikovat kritické oblasti ohrozené akumuléaciou sedimentov. Analyza
bola realizovana na Siestich Ciastkovych povodiach predstavujicich zdrojové oblasti povrchového odtoku
smerujuceho ku kritickym bodom kanaliza¢nej siete. SucCast'ou prace bola terénna pasportizacia problémovych
lokalit, analyza vyuzitia uzemia podla CORINE Land Cover 2018, hodnotenie sklonitosti relié¢fu a
vyhodnotenie potencidlnej eréznej ohrozenosti podl'a STN 75 4501 a zakona ¢. 220/2004 Z. z.

Vysledky analyzy poukazali na vyraznii morfologicku ¢lenitost’ izemia a vysoky erézny potencidl najma v
povodi €. 5 s rozlohou 8 800,52 ha. Grafické vyhodnotenie sklonitosti ukézalo, ze viac ako 57 % izemia patri
do rizikovych kategorii sklonu. Mapy potencialnej erozie zaroven potvrdili, ze strmé lesné svahy predstavuji
hlavné zdrojové oblasti sedimentov transportovanych do urbanizovaného prostredia. Terénny prieskum
preukazal vyrazné zanaSanie vtokovych objektov, pritomnost’ sedimentov a degraddciu hydraulickej kapacity
kanalizacnej siete.

Na zaklade vysledkov boli navrhnuté opatrenia zamerané na zniZenie transportu sedimentov a zlepSenie
funk¢nosti odvodiiovacieho systému. V lesnych castiach uzemia ide najmd o budovanie priecnych
odvodiovacich jarkov a prehradzok na spomalenie povrchového odtoku. Na rozhrani lesa a mesta sa odportca
realizacia sedimentac¢nych nadrzi a lapacov splavenin. V urbanizovanom prostredi sa navrhuje implementacia
prvkov modro-zelenej infrastruktiry, modernizacia vtokovych objektov a zavedenie inteligentného
monitoringu kanaliza¢nej siete. Vysledky prace poukazuji na potrebu komplexného manazmentu
povrchového odtoku v podhorskych urbanizovanych tizemiach v podmienkach meniacej sa klimy.

Kruacové slova: vodna erdzia pddy, povrchovy odtok, sedimenty, kanaliza¢na siet’, Bratislava, Mal¢ Karpaty,
erdzna ohrozenost’
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nazvom "Optimalizacia adaptanych opatreni na extrémne privalové dazde v urbanizovanych povodiach").
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ABSTRACT

Due to climate change, Slovakia has been experiencing an increasing occurrence of intense short-term rainfall
events, significantly affecting the hydrological regime of urbanized areas. In the foothill parts of Bratislava,
the combination of steep terrain, urbanization, and intensive surface runoff represents an important factor
contributing to soil water erosion and subsequent sediment accumulation in sewer systems. This issue is
particularly evident in urban districts located on the slopes of the Little Carpathians, where eroded soil
particles are transported from forested and sloping areas into drainage structures and sewer networks.

The aim of this study was to analyse the relationship between soil-water erosion processes and the
functionality of sewer systems in selected localities of Bratislava and to identify critical areas at risk of
sediment accumulation. The analysis was carried out within six sub-catchments representing source areas of
surface runoff directed towards critical points of the sewer infrastructure. The study included field inventory
of problematic localities, land use analysis based on CORINE Land Cover 2018, slope analysis, and evaluation
of potential erosion risk according to STN 75 4501 and Act No. 220/2004 Coll.

The results revealed significant morphological variability and high erosion potential, particularly in catchment
No. 5 with an area of 8,800.52 ha. Slope analysis showed that more than 57% of the territory belongs to high-
risk slope categories. Potential erosion maps confirmed that steep forested slopes represent the main source
areas of sediments transported into urbanized zones. Field investigations also revealed severe sediment
accumulation in drainage inlets and degradation of the hydraulic capacity of sewer infrastructure.

Based on the results, several measures were proposed to reduce sediment transport and improve the
functionality of drainage systems. In forested areas, the proposed measures include the construction of
transverse drainage ditches and small retention barriers to slow down surface runoff. At the forest—urban
interface, sedimentation basins and debris traps are recommended. In urban areas, the implementation of blue-
green infrastructure elements, modernization of drainage inlets, and intelligent sewer monitoring systems are
proposed. The study highlights the necessity of integrated surface runoff management in foothill urbanized
areas under changing climatic conditions.

Keywords: soil water erosion, surface runoff, sediments, sewer network, Bratislava, Little Carpathians,
erosion risk
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ABSTRAKT

Priestorova parametrizacia hydraulickej drsnosti predstavuje jeden z najvyznamnejSich zdrojov neistoty pri
2D hydrodynamickom modelovani povodni a nédslednom hodnoteni rozsahu inundacie. Sucasny rozvoj
dial’kového prieskumu Zeme, vysoko rozliSovacich orto-foto snimok a metdd automatizovanej segmentacie
zalozenych na deep learningu umoznuje efektivnu tvorbu detailnych vrstiev krajinného pokryvu vyuziteI'nych
pri priprave priestorovo distribuovanych mép drsnosti. Napriek vysokej geometrickej presnosti segmentacie
vSak zostava otvorenou otdzkou hydraulicka relevancia identifikovanych objektov a ich fyzikalne spravna
interpretacia v podmienkach neustdleného prudenia. Predlozend S$tudia sa zameriava na integraciu
automatizovanej segmentacie krajinného pokryvu do procesu parametrizacie hydraulickej drsnosti pre 2D
hydrodynamické modelovanie inundacie nizinného rie€neho systému. Segmenticia orto-fotografickych
snimok bola realizovana pomocou nastroja Deepness implementovaného v prostredi QGIS, priCom vystupné
triedy krajinného pokryvu boli transformované na pociatocné mapy Manningovych drsnostnych sucinitel’ov.
Drsnost’ aktivneho rie¢neho koryta bola parametrizovana samostatne na zaklade batymetrickych udajov,
morfoldgie toku a odborného hydraulického posudenia.

Metodika bola aplikované na inundované uzemie historického ramena Stara Tisa, charakteristického vyraznou
meandrujucou geometriou, komplexnou konektivitou inundédcie a heterogénnym vegetatnym pokryvom.
Hydrodynamické simulacie boli realizované v prostredi HEC-RAS 6.6 pre neustalené 2D pradenie s cielom
analyzovat’ hydraulickli odozvu modelu na rozne stratégie parametrizacie drsnosti. Vysledky ukazali, ze
priame vyuzitie automatizovanej segmentacie moze viest' k systematickému nadhodnoteniu hydraulického
odporu, najmé v oblastiach brehovych porastov, kde geometricky spravne klasifikované vegetacné prvky
nereprezentujii realny odpor pradenia. Na eliminaciu uvedenych efektov boli definované hydraulicky
informované kalibra¢né oblasti, v ktorych boli automaticky priradené hodnoty drsnosti selektivne upravené
na zaklade hydraulickej interpretacie pradenia, morfoldgie koryta a inundacie. Zavedenie tychto oblasti viedlo
k stabilnejsej a fyzikalne konzistentnejSej hydraulickej odozve modelu pri zachovani priestorovej variability
drsnosti ziskanej automatizovanou segmentaciou. Vysledky zaroven potvrdzuju, Ze geometricka spravnost’
klasifikacie krajinného pokryvu automaticky neimplikuje jej hydraulicky vyznam.

Stadia demonstruje, e automatizovana segmentacia predstavuje efektivny nastroj pre inicializaciu map
hydraulickej drsnosti, av§ak nenahradza potrebu hydraulicky informovanej interpretacie a expertného zasahu.
Navrhnuty pracovny postup predstavuje prakticky pristup k integracii metéd deep learningu do
hydrodynamického modelovania pri zachovani fyzikdlnej interpretovatelnosti vysledkov a mdze
predstavovat’ vhodny zéklad pre d’al$i vyskum zamerany na hydraulicky orientovani segmentéciu krajinného
pokryvu a redukciu neistot pri modelovani povodni.

KPluacové slova: 2D hydrodynamické modelovanie, hydraulickd drsnost, deep learning, segmentacia
krajinného pokryvu, inundacia povodni
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ABSTRACT

Spatial parameterization of hydraulic roughness represents one of the most significant sources of uncertainty
in 2D hydrodynamic flood modelling and subsequent flood inundation assessment. Recent advances in remote
sensing, high-resolution Ortho imagery, and automated deep-learning-based segmentation methods enable the
efficient generation of detailed land-cover layers applicable to the preparation of spatially distributed
roughness maps. Despite the high geometric accuracy of segmentation outputs, the hydraulic relevance of
identified objects and their physically consistent interpretation under unsteady flow conditions remain open
research questions. The presented study focuses on the integration of automated land-cover segmentation into
the hydraulic roughness parameterization process for 2D hydrodynamic modelling of a lowland river
floodplain system. Ortho-photographic imagery was segmented using the Deepness tool implemented within
the QGIS environment, while the resulting land-cover classes were transformed into initial Manning’s
roughness coefficient maps. Roughness of the active river channel was parameterized independently based on
bathymetric data, channel morphology, and expert hydraulic assessment.

The methodology was applied to the inundated area of the historical Stard Tisa channel, characterized by
highly meandering geometry, complex floodplain connectivity, and heterogeneous vegetation cover.
Hydrodynamic simulations were performed in HEC-RAS 6.6 under unsteady 2D flow conditions to evaluate
the hydraulic response of the model to different roughness parameterization strategies. The results
demonstrated that direct application of automated segmentation may lead to systematic overestimation of
hydraulic resistance, particularly in riparian vegetation zones where geometrically correct classification does
not necessarily represent the actual flow resistance. To mitigate these effects, hydraulically informed
calibration zones were defined, in which automatically assigned roughness values were selectively modified
based on hydraulic interpretation of flow behaviour, channel morphology, and floodplain connectivity. The
implementation of these calibration zones resulted in a more stable and physically consistent hydraulic
response while preserving the spatial variability of roughness derived from automated segmentation. The
findings further confirm that geometric correctness of land-cover classification does not automatically imply
hydraulic relevance.

The study demonstrates that automated segmentation represents an efficient tool for the initialization of
hydraulic roughness maps; however, it does not eliminate the need for hydraulically informed interpretation
and expert intervention. The proposed workflow provides a practical framework for integrating deep learning
methods into hydrodynamic modelling while preserving the physical interpretability of results and may serve
as a suitable basis for future research focused on hydraulically oriented land-cover segmentation and
uncertainty reduction in flood modelling.

Keywords: 2D hydrodynamic modelling, hydraulic roughness, deep learning, land-cover segmentation, flood
inundation
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ABSTRAKT

Povodne predstavujii v povodi Dunaja jeden z najzévaznejSich prirodnych hazardov s opakujicimi sa
katastrofalnymi dosledkami pre obyvatel'stvo, infrastrukturu aj ekosystémy. Efektivne riadenie povodiového
rizika v tomto medzindrodnom povodi si vyzaduje koordinovany pristup presahujici hranice jednotlivych
Statov — pristup, ktory v sucasnosti naraza na zasadnu prekdzku v podobe nekompatibility narodnych
hodnotiacich ramcov a fragmentacie hydrologickych dat. Vodné nédrze a jazera pritom predstavuju jeden z
kl'a¢ovych nastrojov protipovodnovej ochrany: ich schopnost’ zachytit’, zadrzat’ a ¢asovo rozlozit’ povodiiovu
vlnu méze rozhodujucim spdsobom ovplyvnit' rozsah $kod v zasiahnutych tizemiach. PIné vyuzitie tohto
potencialu je vSak podmienené hlb§im poznanim fungovania nadrzi nielen z hydrologického, ale aj z
ekologického hl'adiska. Predkladany prispevok sa zameriava na dva vzajomne podmienené aspekty tejto
problematiky. Prvym je kvantifikidcia retencného potencialu nadrzi ako priameho nastroja manaZzmentu
povodnovych rizik — teda ich kapacity tlmit’ a transformovat’ povoditové viny v zavislosti od prevadzkového
rezimu, morfologie a hydrologickych podmienok povodi. Druhym je hodnotenie ekologického statusu nadrzi
v zmysle Ramcovej smernice o vode, ktoré podmienuje udrzatel'nost’ ich dlhodobej prevadzky a ovplyviiuje
rozsah pripustnych zasahov. Prispevok argumentuje, Ze synchronne posudzovanie oboch dimenzii je
nevyhnutnym predpokladom pre efektivne a cezhrani¢né riadenie povodiového rizika v povodi Dunaja.
Prezentované vysledky vychadzaji z vyskumnych aktivit Ustavu hydrolégie SAV v ramci projektu
LAREDAR (LAkes and REservoirs in the DAnube River basin, Interreg Danube Region Programme, 2025—
2027), ktorého primarnym cielom je zlepSenie manazmentu povodni prostrednictvom harmonizovaného
cezhrani¢ného ramca pre hodnotenie a prevadzku nadrzi a jazier. Prispevok Ustavu hydrologie SAV spo¢iva
v analyze a komparacii existujucich narodnych klasifika¢énych metodik, identifikacii kritérii vhodnych na
harmonizaciu v kontexte povodia Dunaja a v modelovani transformacie povodiiovych vin na vybranych
pilotnych lokalitach. Vysledky st overované v partnerskej sieti jedenastich krajin dunajského regionu.
Vystupy prispevku poskytuju vedecky zaklad pre aktualizaciu Dunajského planu manazmentu povodia a
implementaciu Dunajského planu riadenia povodiiovych rizik. Harmonizovana typoldgia nadrzi a modelové
vystupy transformacie povodiiovych vin predstavuju priamo vyuzitelné podklady pre koordinovanii
prevadzku néadrzi v Case povodnovych udalosti, posilnenie institucionalnej spoluprace vodohospodarskych
organov a zvySenie celkovej odolnosti dunajského regionu voci hydrologickym extrémom v podmienkach
klimatickej zmeny.

Kracové slova: ekologicky status, retencny potencial, vodné nadrze, povodie Dunaja, harmonizacia
klasifikacie, manazment povodiiovych rizik, cezhrani¢na spolupraca, klimatické4 adaptacia
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ABSTRACT

Flooding represents one of the most severe natural hazards in the Danube River Basin, with recurring
catastrophic consequences for populations, infrastructure and ecosystems alike. Effective flood risk
management in this international basin demands a coordinated approach that transcends the boundaries of
individual states — an approach that is currently impeded by the incompatibility of national assessment
frameworks and the fragmentation of hydrological data. Reservoirs and lakes constitute one of the principal
instruments of flood protection: their capacity to capture, retain and temporally redistribute flood waves can
decisively influence the extent of damage in affected areas. Fully realising this potential, however, requires a
thorough understanding of reservoir functioning not only from a hydrological perspective, but from an
ecological one as well. This contribution addresses two interrelated aspects of this issue. The first concerns
the quantification of reservoir retention potential as a direct instrument of flood risk management — that is,
the capacity of reservoirs to attenuate and transform flood waves as a function of operational regime,
morphology and catchment hydrological conditions. The second concerns the assessment of the ecological
status of reservoirs in accordance with the Water Framework Directive, which conditions the sustainability of
long-term reservoir operation and determines the scope of permissible management interventions. The
contribution argues that the concurrent assessment of both dimensions is an essential precondition for effective
and transboundary flood risk governance in the Danube Basin.

The results presented draw from the research activities of the Institute of Hydrology of the Slovak Academy
of Sciences within the LAREDAR project (LAkes and REservoirs in the DAnube River basin, Interreg Danube
Region Programme, 2025-2027), whose primary objective is the improvement of flood management through
a harmonised transboundary framework for the assessment and operation of reservoirs and lakes. The
contribution of the Institute of Hydrology SAS encompasses the analysis and comparison of existing national
classification methodologies, the identification of criteria suitable for harmonisation in a basin-wide context,
and the modelling of flood wave transformation at selected pilot sites. Results are validated within a
partnership network spanning eleven countries of the Danube region. The outputs of this contribution provide
a scientific basis for updating the Danube River Basin Management Plan and implementing the Danube Flood
Risk Management Plan. The harmonised reservoir typology and flood wave routing model outputs constitute
directly applicable inputs for the coordinated operation of reservoirs during flood events, the strengthening of
institutional cooperation among water management authorities, and the enhancement of overall regional
resilience to hydrological extremes under conditions of climate change.

Keywords: ecological status, retention potential, reservoirs, Danube River Basin, classification
harmonisation, flood risk management, transboundary cooperation, climate adaptation
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ABSTRAKT

Prispévek ptedstavuje moznosti vyuziti bezpilotnich prostiedkti a metody Large-Scale Particle Image
Velocimetry (LSPIV) pro méfeni povrchovych rychlosti a odhad pratokd vodnich toki v podminkach
hydrologické sluzby Ceského hydrometeorologického tistavu. Potfeba rozvoje alternativnich metod méfeni
vychdzi zejména z omezeni konvencnich postupli pii extrémnich hydrologickych situacich, kdy muize byt
kontaktni méfeni pratoku obtizné, nebezpecné nebo technicky neproveditelné. Vyuziti dronti umoziuje
rychlé, bezkontaktni a bezpecné ziskéani dat i v tézko piistupnych profilech vodnich tokda.

Metoda LSPIV je zalozena na analyze videozdznami pofizenych dronem a sledovani pohybu
charakteristickych struktur na hladin€ toku. Témito strukturami mohou byt pfirozené tracery, napiiklad péna,
turbulence nebo plovouci material, piipadné uméle ptidané ¢astice. Z Casového posunu jednotlivych struktur
mezi snimky jsou nasledné vypocteny vektory povrchovych rychlosti. Vyslednd data jsou filtrovana,
prostorové primeérovana a vyuzita pro odhad prutoku v méfeném profilu.

V ramci testovani bylo dosud provedeno piiblizné 40 méteni v riznych hydrologickych podminkach, kterd
byla zpravovana v open source softwaru Fudaa-LSPIV. Vysledky ukazuji, ze LSPIV mitize dosahovat pfii
vhodnych podminkach pro méfeni odchylky kolem +5 % oproti referenénim metodam. NejlepSich vysledkt
je dosahovano pii vyssich rychlostech proudéni a dostateCné pfitomnosti tracert na hlading, tedy ¢asto prave
béhem povodiiovych situaci. Naopak omezenim metody mtize byt absence dobfe rozpoznatelnych struktur na
hladiné, nevyhodou je také nutnost doméfovani pii¢ného profilu nebo vysSi naroky na zkuSenosti pii
zpracovani dat.

Vyznamnou vyhodou vyuziti dronti je moznost rychlého nasazeni pfimo v terénu a ziskani prostorove
detailnich informaci o proudéni v celém métfeném profilu. Kromé samotného odhadu pritoku 1ze potizena
data vyuzit také pro dokumentaci hydrologickych situaci, mapovani rozlivii nebo tvorbu podkladi pro
hydraulické modelovani. Bezpilotni prostfedky tak nabizi Sirsi vyuZiti nejen pii operativnich hydrologickych
meéfenich, ale také pfi vyzkumu a analyze extrémnich hydrologickych jevii. V budoucnu lze ocekavat dalsi
rozvoj automatizace zpracovani dat, zpfesiovani metodiky 1 §ir§i integraci bezpilotnich prostfedk do
hydrologické praxe.

Prispévek shrnuje zakladni principy metody, zkuSenosti z dosavadniho testovani a porovnani s konvencnimi
metodami meéteni pritoku, zejména metodou ADCP. Soucasti je také ukézka workflow zpracovani dat v
softwaru Fudaa a vysledky pilotnich méfeni na vybranych profilech. Dosavadni zkuSenosti potvrzuji, ze
LSPIV neptedstavuje ndhradu standardnich hydrometrickych metod, ale vhodny dopln¢k pro méfeni v
extrémnich nebo obtizné ptistupnych podminkach. Testovani a rozvoj metody ma za cil posoudit moznosti
jejiho budouciho vyuZiti v operativni hydrologické praxi CHMU.

Kruacové slova: LSPIV, drony, méfeni pratoku, hydrometrie, povodné
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ABSTRACT

The contribution presents the possibilities of using unmanned aerial vehicles (UAVs) and the Large-Scale
Particle Image Velocimetry (LSPIV) method for measuring surface flow velocities and estimating river
discharge within the hydrological service of the Czech Hydrometeorological Institute. The need for the
development of alternative measurement methods arises mainly from the limitations of conventional
approaches during extreme hydrological events, when contact discharge measurements may be difficult,
dangerous, or technically impossible. The use of drones enables rapid, non-contact, and safe data acquisition
even in hard-to-access river cross-sections.

The LSPIV method is based on the analysis of video recordings acquired by a drone and the tracking of
characteristic structures on the water surface. These structures may consist of natural tracers such as foam,
turbulence, or floating material, or alternatively artificially introduced particles. Surface velocity vectors are
subsequently calculated from the temporal displacement of individual structures between consecutive frames.
The resulting data are filtered, spatially averaged, and used for discharge estimation in the measured profile.
Approximately 40 measurements under various hydrological conditions have been carried out so far, and the
data were processed using the open-source software Fudaa-LSPIV. The results indicate that, under suitable
measurement conditions, the LSPIV method can achieve deviations of around +5% compared to reference
methods. The best results are obtained at higher flow velocities and with a sufficient presence of tracers on
the water surface, conditions that frequently occur during flood events. On the other hand, limitations of the
method include the absence of clearly recognizable surface structures, the need for additional cross-sectional
surveying, and higher demands on operator experience during data processing.

A significant advantage of drone deployment is the possibility of rapid field operation and the acquisition of
spatially detailed information about flow patterns across the entire measured profile. In addition to discharge
estimation, the acquired data can also be used for documenting hydrological situations, flood inundation
mapping, or generating inputs for hydraulic modelling. UAVs therefore offer broader applications not only
for operational hydrological measurements, but also for research and the analysis of extreme hydrological
events. Further development of automated data processing, methodological improvements, and wider
integration of UAVs into hydrological practice can be expected in the future.

The contribution summarizes the basic principles of the method, experience gained from current testing, and
comparisons with conventional discharge measurement methods, especially ADCP. It also includes an
example of the data-processing workflow in the Fudaa software and results from pilot measurements at
selected river profiles. Current experience confirms that LSPIV is not intended to replace standard hydrometric
methods, but rather to complement them in extreme or difficult-to-access conditions. The ongoing testing and
development of the method aim to assess its potential future use in the operational hydrological practice of
the Czech Hydrometeorological Institute.

Keywords: LSPIV, drones, discharge measurement, hydrometry, floods

Acknowledgements: This result was supported by institutional funding for the long-term conceptual
development of the research organization.

117



X. HYDROLOGICKE DNI 2026 Xth HYDROLOGICAL DAYS 2026
Bratislava, 16. — 18. 6. 2026

118



Sekcia 4 Uplatnenie novych poznatkov hydrolégie v suéasnej VH praxi
Section 4 Application of new hydrological knowledge in current water management practice

Sekcia 4 Uplatnenie novych poznatkov hydrologie v su¢asnej VH praxi

Section 4 Application of new hydrological knowledge in current water
management practice

119



X. HYDROLOGICKE DNI 2026 Xth HYDROLOGICAL DAYS 2026
Bratislava, 16. — 18. 6. 2026

HYDROLOGICKE CHARAKTERISTIKY V PRAXI - NEISTOTY VYPOCTU
ZMIESAVACIEHO POMERU Z POHEADU HYDROLOGIE POVRCHOVYCH
vOD

Katarina Jeneiova ", Katarina Melova !, Zuzana Danadova !, Jana Poorova !
! Slovensky hydrometeorologicky ustav, Jeséniova 2305/17, 831 01 Bratislava, Slovenska republika

* . . .
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ABSTRAKT

Prispevok sa zaobera uplatnenim hydrologickych charakteristik pri hodnoteni zmieSavacieho pomeru
komunalnych odpadovych vod v recipientoch. Analyza vychddza z poziadaviek Smernice Europskeho
parlamentu a Rady (EU) 2024/3019 z 27. novembra 2024 o &isteni komunalnych odpadovych vod, ktora
zavadza potrebu identifikacie oblasti citlivych na znecCistenie mikropolutantmi a zavadzanie kvartérneho
stupna Cistenia v aglomeraciach nad 10 000 ekvivalentnych obyvatel'ov.

ZmieSavaci pomer je definovany ako pomer priemerného roéného prietoku recipienta v mieste vypistania za
poslednych piat’ rokov k priemernému rocnému objemu vypustanych komunalnych odpadovych vod do
povrchovych vod za poslednych pét rokov. Pre vybrané cistiarne odpadovych vod na Slovensku bol
zmieSavaci pomer hodnoteny za obdobie rokov 2020 az 2024. Posudzovanych bolo 85 ¢istiarni odpadovych
vod na uzemi Slovenska, zmieSavaci pomer bolo mozné vyhodnotit’ pre 70 profilov, pricom z nich nevyhovelo
15 profilov. Pri hodnoteni na zdklade hodnoty Q3ss, ktora reprezentuje malt vodnost’ a stanovili sme ju pre 78
profilov, sa pocet rizikovych profilov este vyrazne zvysuje az na 40 profilov, o zdoraziuje vyznam takéhoto
hodnotenia z hl'adiska ochrany kvality povrchovych vdd, ked’Ze pri nizkych prietokoch dochadza k vyraznému
poklesu samocistiacej schopnosti tokov, ¢im sa zvysuje vplyv vypustanych odpadovych vdd na recipient.
Analyza tiez poukazuje na neistoty hydrologickych udajov. V mnohych pripadoch st prietokové
charakteristiky odvodené metdédami hydrologickej analogie, pricom miera neistoty odvodenych udajov zavisi
aj od dostupnosti merani, aktualnosti hydrologickych podkladov a spravnosti lokalizéacie profilov.

Vysledky hodnotenia boli porovnané aj s mapami zranitelnosti tizemia Slovenska na nedostatok vody. Cast’
hodnotenych profilov sa nachddza v oblastiach stredne az silno zraniteI'nych na nedostatok vody, pricom
niektoré profily s vyhovujicim zmieSavacim pomerom pre obdobie 2020 az 2024 su situované v rizikovych
oblastiach. V kontexte klimatickej zmeny je mozné o€akéavat’ zvySujucu sa frekvenciu a intenzitu suchych
obdobi, ¢o bude mat priamy dopad na prietokovy rezim a tym aj na vypocitané zmieSavacie pomery.

Kruicové slova: zmieSavaci pomer, 5-ro¢ny priemerny ro¢ny prietok, neistoty, hydrologicka analogia
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HYDROLOGICAL CHARACTERISTICS IN PRACTICE — UNCERTAINTIES IN
THE CALCULATION OF THE DILUTION RATIO FROM THE PERSPECTIVE OF
SURFACE WATER HYDROLOGY

Katarina Jeneiova ", Katarina Melova !, Zuzana Danadova !, Jana Poorova !
! Slovak Hydrometeorological Institute, Jeséniova 2305/17, 831 01 Bratislava, Slovak Republic

corresponding author: katarina.jeneiova@shmu.sk

ABSTRACT

The contribution addresses the application of hydrological characteristics in assessing the dilution ratio of
treated municipal wastewater in receiving water bodies. The analysis is based on the requirements of the
Directive (EU) 2024/3019 of the European Parliament and of the Council of 27 November 2024 concerning
urban wastewater treatment, which introduces the need to identify areas sensitive to micropollutant pollution
and to implement quaternary treatment in agglomerations exceeding 10,000 population equivalents.

Dilution ratio is defined as the ratio of the average over the last five years of annual flow of the receiving
waters at the point of discharge to the average over the last five years of the annual discharge volume of urban
wastewater into surface waters. For selected wastewater treatment plants in Slovakia, the dilution ratio was
evaluated for the period 2020-2024. A total of 85 wastewater treatment plants were included in the assessment,
while the dilution ratio could only be evaluated for 70 profiles, of which 15 did not meet the required criteria.
When assessed using the Q3ss value, representing low-flow conditions which we were able to calculate for 78
profiles, the number of at-risk profiles increased significantly. Under this approach, up to 40 profiles would
fail to comply, highlighting the importance of such assessments for the protection of surface water quality, as
low flows substantially reduce the self-purification capacity of streams and increase the impact of discharged
wastewater on the receiving waters.

The analysis also highlights uncertainties in hydrological data. In many cases, the characteristics are derived
using hydrological analogy methods, and the level of uncertainty depends on data availability, the timeliness
of hydrological inputs, and the correct localization of profiles.

The results were also compared with maps of areas vulnerable to the water shortage in Slovakia. A portion of
the assessed profiles is located in areas classified as moderately to highly vulnerable to water shortage, and
even some profiles with compliant dilution ratios are situated in more at risk regions. In the context of climate
change, an increasing frequency and intensity of drought periods can be expected, which will directly affect
flow regimes and consequently the calculated dilution ratios.

Keywords: dilution ratio, 5-year average annual flow, uncertainties, hydrological analogy
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AKTUALIZACE N-LETYCH PRUTOKU NA ZAKLADE POZOROVANYCH DAT
DO ROKU 2025

Miloii Boha¢ !, Vojtéch Svoboda !
1(vlesk}'/ hydrometeorologicky ustav, Na Sabatce 2050/17, 143 06 Praha 4-Komotany, Ceské republika
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ABSTRAKT

N-leté prutoky vyjadiuji statistickou pravdépodobnost vyskytu velkych pritokd. Stavajici metodika
doporucuje pro jejich odvozeni vyuziti co nejdelSich fad ro¢nich kulminacnich pritoki, coz je jisté¢ spravny
pfistup pro odvozeni N-letych pritokii s dlouhou dobou opakovani a vysokou nejistotou (Qioo a vétsi). V
podminkach klimatické zmény se vSak jiz nyni v mnoha vodomérnych stanicich za¢inaji projevovat trendy v
fadach ro¢nich kulminacnich pritokd, napt. klesajici tam, kde pfevladaji povodné zimniho typu. Tudiz
vyvstava otazka, zda je vyuziti co nejdelSich fad vhodné 1 pro odvozeni Castéji se vyskytujicich pritoki (ca
01 az Qo). Jelikoz jsou N-leté prutoky poskytovany jako navrhova data pro budouci vyuziti, mély by co
nejlépe reprezentovat skutecny, co nejaktualnéjsi stav v povodi, reflektovat antropogenni ovlivnéni, ale 1
zménu klimatu.

Dalsim problémem je odvozeni v profilech vyrazné ovlivnénych vodnimi dily, kde fady ro¢nich kulminaci
nejsou homogenni. Z toho diivodti norma CSN 75 1400 Hydrologické idaje povrchovych vod uvadi, Ze N-
leté prutoky jsou zpracovany na podklad¢ dat, ze kterych je pokud mozno eliminovano vyrazné a prokazatelné
ovlivnéni provozem vodnich dél. AvSak dodava, ze pokud existuje pod vodnim dilem vodomérna stanice s
delsi dobou pozorovani, ktera reprezentuje odtokovy rezim pod nadrzi, mohou byt poskytnuty i N-leté prutoky
ovlivnéné. Zplsob odvozovani s eliminaci ovlivnéni mél své opodstatnéni v ptipadech kratkého pozorovani
pod vodnimi dily, dnes jiz vSak zpravidla existuji vice nez 50leté fady pozorovani i1 ve stanicich pod vodnimi
dily.

Existence odliSnych postupli pfi stanoveni N-letych prutokti napfi¢ tizemim republiky, dlouhd doba od
posledniho plosného zpracovani a problematické eliminace ovlivnéni (odovliviiovani) kulminaénich pratoki
vyustily ve snahu navrhnout novy a jednotny metodicky postup, ktery by spliioval zasadu vychéazet z
pozorovanych a co mozna nejvice homogennich dat.

Aktualizovand metodika odvozeni On ve vodomérnych stanicich sestava ze tii krokii: 1) odvozeni N-letych
pratoktt Ox0 az Q100 (ptipadné Osoo) z celé (verifikované) fady roc¢nich kulminaénich priitokt, véetné odhadu
historickych povodni (jsou-li k dispozici), 2) odvozeni N-letych pratokt Q1 az Q1o z posledniho 50letého
obdobi (1976-2025) s pfihlédnutim k historickym povodnim, 3) odvozeni vyslednych kompletnich N-letych
prutokl jako kombinace obou pfistupti.

Pro odvozeni se vyuziva tifiparametrické logaritmicko-normalni teoretické rozdéleni pravdépodobnosti (LN3)
s odvozenim parametri metodou L-momentti nebo maximalni vérohodnosti (MLE) a zahrnutim libovolného
poctu historickych povodni. Potfebné procedury jsou naprogramovany v interni aplikaci QNStat.

Z dosavadniho zpracovani vyplyva, Ze povodné s vyssi pravdépodobnosti vyskytu (ca Q1 az Q10) mohou v
soucasné dob¢ vykazovat vyrazné jiny rezim nez v minulosti a v mnoha stanicich je patrny pokles jejich
hodnot. U velkych povodni (ca Q100 a vEtsi) toto tvrdit nelze, coz se ukazalo 1 pii posledni extrémni povodni
v zafi 2024, ktera zasahla témét identické oblasti jako povoden v ¢ervenci 1997. Vysledkem zpracovani budou
aktualizované N-leté pratoky odvozené jednotnou metodikou pro celou Ceskou republiku, které by mély 1épe
charakterizovat souc¢asny povodiovy rezim.

Kraéové slova: kulminacni priitok, povodiovy rezim, historickd povoden, navrhova data
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UPDATE OF 7-YEAR PEAK FLOWS BASED ON OBSERVED DATA UP TO 2025

Miloii Boha¢ !, Vojtéch Svoboda !
ICzech Hydrometeorological Institute, Na Sabatce 2050/17, 143 06 Praha 4-Komotany, Czech Republic

corresponding author: vojtech.svoboda@chmi.cz

ABSTRACT

T-year return period flows express the statistical probability of high flow occurrences. Current methodology
recommends using the longest possible time series of annual peak flows for their derivation. This is
undoubtedly a correct approach for estimating long return period T-year flows characterized by high
uncertainty (Qioo and greater). Under climate change conditions, however, trends are already emerging in
annual peak flow series at numerous gauging stations, for instance, decreasing trends where winter-type floods
predominate. Consequently, the question arises whether using the longest possible series is also appropriate
for deriving more frequent flows (approx. Qi1 to Qio). Since T-year flows serve as design data for future
applications, they should best represent the current, actual state of the catchment, reflecting both
anthropogenic impacts and climate change.

Another challenge involves deriving these flows at profiles significantly affected by hydraulic structures,
where annual peak flow series lack homogeneity. For this reason, the Czech technical standard CSN 75 1400
(Hydrological Data of Surface Waters) states that T-year flows should be processed using data from which
any significant and verifiable influence of water reservoir operations has been eliminated as far as possible.
However, it adds that if a gauging station with a longer observation period is located downstream of a reservoir
and represents the runoff regime, influenced T-year flows may also be provided. The derivation method based
on eliminating these influences was justified in cases with short observation periods downstream of reservoirs;
today, however, data series exceeding 50 years are generally available even below these structures.

The existence of inconsistent approaches for determining T-year flows across the country, the long period
since the last comprehensive regional assessment, and the problematic elimination of reservoir influences from
peak flows have driven efforts to propose a new, unified methodological framework. This framework is based
on observed and the most homogeneous data possible.

The updated methodology for deriving On at gauging stations consists of three steps: 1) deriving T-year flows
from Q20 to Q100 (potentially Osoo) from the entire verified annual peak flow series, including historical flood
estimates where available; 2) deriving T-year flows from Qi to Q1o from the recent 50-year period (1976—
2025), accounting for historical floods; and 3) deriving the final complete set of T-year flows by combining
both approaches.

The derivation is based on the three-parameter log-normal theoretical probability distribution (LN3), with
parameters estimated using the method of L-moments or maximum likelihood estimation (MLE), and
incorporating an arbitrary number of historical floods. The required procedures are programmed within the
internal application QNStat.

The analysis indicates that floods with a higher probability of occurrence (approx. Q1 to Q10) may currently
exhibit a significantly different regime than in the past, with a noticeable decrease in their values observed at
many gauging stations. This cannot be stated for high-magnitude floods (approx. Qioo and greater), as
demonstrated by the recent extreme flood in September 2024, which affected almost identical areas as the
flood of July 1997. The outcome of this assessment will be updated T-year flows derived using a unified
methodology for the entire Czech Republic, which should better characterize the current flood regime.

Keywords: peak discharge, flood regime, historical flood, design flood data
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ABSTRAKT

Spolahlivy odhad extrémnych navrhovych prietokov s dobou opakovania vyrazne presahujucou 100 rokov
predstavuje jednu z klucovych vyziev sucasnej inZinierskej hydroldgie. Dostupné rady pozorovanych
prietokov v stredoeurépskom priestore maju zvy&ajne dizku 30 - 80 rokov, ¢o pri klasickej frekvenénej analyze
vedie k vysokym Statistickym neistotdm prave v oblasti povodni s nizkou pravdepodobnostou vyskytu.
Prispevok predstavuje komplexny modelovaci ramec, ktory tieto obmedzenia prekonava kombinaciou
stochastického generovania meteorologickych vstupov, priestorovo distribuovaného kontinualneho zrazkovo-
odtokového modelovania a cielenej korekcie systematickych chyb simulovanych extrémov.

Stochasticky generator pocasia (SWG) vyvinuty na Technickej univerzite vo Viedni v rdmci projektu Wetrax+
generuje dlhé syntetické casové rady dennych zrazok a teplot vzduchu pre oblast’ s rozlohou cca 330 000 km?,
pri¢om zohl'adituje rdzne typy atmosférickej cirkuldcie vratane buducich klimatickych projekcii. Denné rady
su disagregované¢ na hodinovy Casovy krok, ktory je nevyhnutny pre spravnu simulaciu kratkodobych
povodnovych udalosti. Tieto rady sluzia ako vstup do priestorovo distribuovaného zrazkovo-odtokového
modelu typu HBV s rozliSenim gridu 2 x 2 km, ktory zahfna snehovy submodel, submodel nasytenosti a
generovania odtoku a submodel transformdacie odtoku prostrednictvom Nashovej kaskddy. Model bol
kalibrovany a validovany na obdobi 2007 - 2016 na Siestich kontrastnych povodiach - troch horskych (Dréva,
Enns, Inn) a troch nizinnych (Naab, Pfreimd, Amper) - s vysledkami NSE 0,86 - 0,93 a KGE 0,87 - 0,95
naprie¢ vSetkymi profilmi. Napriek dobrej celkovej zhode bolo zistené systematick¢ podhodnocovanie
maximalnych simulovanych prietokov, ktoré je dosledkom priestorovej interpolacie zrdzok a obmedzenej
hustoty merani vo vysokohorskych oblastiach. Tato odchylka bola odstrdnend navrhnutou automatickou
korekciou systematickych chyb simulécie, v ramci ktorej su vSetky prietoky s dobou opakovania vacSou ako
I rok navySené o hodnotu AQ stanovenu na zdklade empirickych ¢iar prekrocenia pozorovanych a
simulovanych prietokov.

Porovnanie pozorovanych a simulovanych empirickych Ciar prekrocenia maximalnych rocnych prietokov
ukazuje, ze syntetické 10 000-ro¢né rady prietokov po aplikacii korekcie dobre kopiruju tvar pozorovanych
Ciar aj v oblasti udalosti s nizkou pravdepodobnostou vyskytu. Navrhnuty hybridny pristup poskytuje
spolahlivy rdmec pre odhad navrhovych prietokov vyrazne presahujucich dostupné pozorovania, je
aplikovatelny v regionoch s kratkou alebo riedkou pozorovacou siet'ou a po Upravach ho mozno vyuzit’ aj na
hodnotenie dopadov zmeny klimy. Vysledky st priamo vyuZziteIné v inzinierskej praxi pri ndvrhu
protipovodinovych opatreni a vodohospodarskych stavieb.

Kracové slova: navrhova povoden, stochasticky generdtor pocasia, zrazkovo-odtokovy model HBV,
frekven¢na analyza prietokov, korekcia systematickych chyb simulacie

Pod’akovanie: Tato praca bola podporenda Agentiirou na podporu vyskumu a vyvoja na zaklade zmlav ¢.
APVV-23-0332 a VV-MVP-24-0208 a grantovou agentirou VEGA v ramci projektu ¢. 1/0577/23.

124


mailto:valent@hydro.tuwien.ac.at

Sekcia 4 Uplatnenie novych poznatkov hydrolégie v suéasnej VH praxi
Section 4 Application of new hydrological knowledge in current water management practice

ESTIMATION OF EXTREME (N > 100 YEARS) DISCHARGES USING
SYNTHETIC METEOROLOGICAL SERIES AND CONTINUOUS RAINFALL-
RUNOFF MODELLING
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in Bratislava, Radlinského 11, 810 05 Bratislava, Slovak Republic
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ABSTRACT

Reliable estimation of extreme design discharges with return periods far exceeding 100 years represents one
of the key challenges of contemporary engineering hydrology. Available observed discharge series in the
Central European region typically span 30 - 80 years, which in classical frequency analysis leads to high
statistical uncertainties precisely in the domain of low-probability flood events. The paper presents a
comprehensive modelling framework that overcomes these limitations by combining stochastic generation of
meteorological inputs, spatially distributed continuous rainfall-runoff modelling, and targeted correction of
systematic errors in simulated extremes.

The Stochastic Weather Generator (SWG) developed at the Vienna University of Technology within the
Wetrax+ project generates long synthetic time series of daily precipitation and air temperature for a catchment
area of approximately 330 000 km?, accounting for various atmospheric circulation types including future
climate projections. The daily series are disaggregated to an hourly time step, which is essential for accurate
simulation of short-duration flood events. These series serve as input to a spatially distributed HBV-type
rainfall-runoff model with a 2 x 2 km grid resolution, comprising a snow submodel, a soil saturation and
runoff generation submodel, and a runoff routing submodel based on the Nash cascade. The model was
calibrated and validated for the period 2007 - 2016 on six contrasting catchments - three alpine (Drava, Enns,
Inn) and three lowland (Naab, Pfreimd, Amper) - achieving NSE values of 0.86 - 0.93 and KGE values of
0.87 - 0.95 across all gauging profiles. Despite the overall good agreement, a systematic underestimation of
simulated peak discharges was identified, attributed to spatial interpolation of precipitation and limited gauge
density in high-mountain areas. This bias was removed by the proposed automatic bias correction procedure,
in which all discharges with a return period exceeding one year are increased by a value AQ determined from
the difference between the empirical exceedance curves of observed and simulated discharges.

A comparison of observed and simulated empirical exceedance curves of annual maximum discharges shows
that the synthetic 10 000-year discharge series, after applying the correction, closely reproduce the shape of
the observed curves even in the domain of low-probability events. The proposed hybrid approach provides a
reliable framework for estimating design discharges well beyond the length of available observations, is
applicable in regions with short or spatially sparse observational networks, and can be adapted to assess the
impacts of climate change. The results are directly applicable in engineering practice for the design of flood
protection measures and water management infrastructure.

Keywords: design flood, stochastic weather generator, HBV rainfall-runoff model, flood frequency analysis,
simulation bias correction
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ABSTRAKT

Piivalové povodné predstavuji v podminkach Ceské republiky vyznamny hydrologicky extrém, ktery
kazdorocné zplUsobuje materidlni Skody, ohrozeni obyvatel a naruSeni infrastruktury zejména
v urbanizovanych tzemich. Vzhledem k vysoké prostorové variabilité¢ konvektivnich srazek a rychlé odezve
malych povodi je kliCové piesné vymezeni lokalit s predispozici ke koncentraci povrchového odtoku smérem
do zastavénych uzemi. Cilem této prace bylo aktualizovat metodiku identifikace tzv. kritickych boda, pivodné
vytvoienou v roce 2009, a zpiesnit vymezeni jejich ptispivajicich ploch s vyuzitim novych datovych zdrojt a
postupti.

Aktualizace metodiky vychézi z analyzy detailniho digitdlniho modelu relié¢fu Ceské republiky 5. generace
(DMR 5QG), aktualizovaného vymezeni zastavénych tizemi a nové také bodovych a liniovych objektl databaze
ZABAGED® vyznamné ovliviiujicich koncentraci povrchového odtoku (zejména propustkl a zatrubnénych
usekli vodnich tokii). Analyza byla provedena v prostfedi ESRI ArcGIS s vyuzitim nadstavby ArcHydro
a doplitkové téZ pomoci programovaciho jazyka Python. Metodika byla aplikovana na tizemi celé Ceské
republiky.

Vysledkem jsou dvé sady aktualizovanych vrstev kritickych bodi a jejich ptispivajicich ploch reprezentujicich
dva mezni stavy funkcnosti preferencnich cest povrchového odtoku — pritocné a neprito¢né — béhem
extrémnich srazkovych epizod. Zohlednéni téchto objekti umoznilo detailn€jsi reprezentaci skutecnych
podminek odtoku a v fad¢ lokalit vedlo ke zméné polohy identifikovanych kritickych bodii i rozsahu
prispivajicich ploch.

Aktualizované vrstvy kritickych bodt byly nasledné propojeny s Indikatorem piivalovych povodni (Flash
Flood Indicator — FFI) provozovanym Ceskym hydrometeorologickym tstavem. Kombinace statickych
charakteristik predispozice uzemi s aktudlnimi radarovymi a nowcastovymi srazkovymi daty umoziuje
zpiesnéni Casoprostorove identifikace oblasti s aktudln€ zvySenym nebezpecim ptivalovych povodni. Vystupy
metodiky tak mohou slouzit nejen pro izemni planovani a navrh opatteni ke snizovani rizik v urbanizovanych
oblastech, ale také pro hydrometeorologickou pfedpovédni sluzbu a podporu systému vcasného varovani.
Prispévek predstavuje principy aktualizované metodiky kritickych bodi na ptikladech konkrétnich lokalit,
veetné diskuse limitlh metodiky ve vazbé¢ na dostupné datové podklady.

Kruacové slova: digitalni model terénu, intravilan, kritické body, povrchovy odtok, ptivalové povodné
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ABSTRACT

Flash floods represent a significant hydrological extreme in the Czech Republic, causing material damage,
threatening human lives, and disrupting infrastructure every year, particularly in urbanized areas. Due to the
high spatial variability of convective precipitation and the rapid hydrological response of small catchments,
the precise identification of locations predisposed to concentrated surface runoff directed towards built-up
areas is of key importance. The aim of this study was to update the methodology for identifying so-called
critical points, originally developed in 2009, and to refine the delineation of their contributing areas using new
data sources and analytical approaches.

The updated methodology is based on the analysis of the fifth-generation Digital Relief Model of the Czech
Republic (DMR 5G), updated delineation of built-up areas, and newly also on point and linear features from
the ZABAGED® geodatabase significantly influencing the concentration of surface runoff, particularly
culverts and culverted stream sections. The analysis was carried out in the ESRI ArcGIS environment using
the ArcHydro extension and additionally supported by the Python programming language. The methodology
was applied across the entire territory of the Czech Republic.

The results consist of two sets of updated layers of critical points and their contributing areas representing two
boundary conditions of the functionality of preferential surface runoff pathways — passable and impassable —
during extreme rainfall events. Incorporating these features enabled a more detailed representation of actual
runoff conditions and, in many locations, resulted in changes in both the position of identified critical points
and the extent of their contributing areas.

The updated critical point layers were subsequently integrated with the Flash Flood Indicator (FFI) operated
by the Czech Hydrometeorological Institute. The combination of static characteristics describing the
predisposition of the territory with current radar and nowcasting precipitation data enables a more accurate
spatio-temporal identification of areas currently exposed to increased flash flood hazard. The outputs of the
methodology can therefore serve not only for spatial planning and the design of risk reduction measures in
urbanized areas, but also for operational hydrometeorological forecasting and support of early warning
systems.

The contribution presents the principles of the updated critical point methodology using examples from
selected localities and includes a discussion of the methodological limitations related to the availability and
quality of input data.

Keywords: concentrated surface runoff, critical points, digital terrain model, flash floods, urban areas
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ABSTRAKT

Prispévek predstavuje inovované metodické piistupy pouzité pii odvozeni zékladnich hydrologickych udajt
(M-dennich prittoki) pro nepozorovana povodi v Ceské republice pro referenéni obdobi 1991-2020. Cesky
hydrometeorologicky ustav (CHMU) je povéienou statni organizaci pro zpracovani a ovéfovani standartnich
hydrologickych udajti v souladu s pozadavky normy CSN 75 1400 — Hydrologické udaje povrchovych vod.
Mezi zakladni hydrologické tudaje nalezi plocha povodi, dlouhodoba primérnd roc¢ni vySka srazek,
dlouhodoby primérny prutok, M-denni pritoky a N-let¢ maximalni pratoky.

Aktualizace vymezeni rozvodnic povodi 1. az 4. fadu probihala v obdobi 2018-2023 na zaklad¢ digitalniho
modelu reliéfu 5. generace (DMR 5QG) a zptesnénych dat vodnich tokl statniho mapového dila ZABAGEDO.
Aktualizace probihala primarné€ na trovni povodi 4. fadu, z nichz jsou nésledné hierarchicky odvozovéna
povodi vyssich fadi. Nové vymezeni rozvodnic vedlo ke zpfesnéni hranic povodi, zejména v niZinnych a
rovinatych oblastech, a ke zménam plosnych charakteristik predev§im u mensich povodi a dil¢ich mezipovodi.
Aktualizovana datova sada rozvodnic je dostupné vefejnosti prostiednictvim otevienych dat CHMU.
Dlouhodobéa priimérna ro¢ni vyska srazek na povodi je zpracovana jako zakladni klimaticko-hydrologicka
charakteristika pro referencni obdobi 1991-2020. Jeji stanoveni je zalozeno na geografickych informacnich
systémech, konkrétné¢ na prostorovém piekryvu polygoni povodi s rastrovou vrstvou dlouhodobych
srazkovych uhrnt, interpolovanych z bodovych méfeni srazZkomérnych a klimatologickych stanic véetné
stanic zahrani¢nich. Pouzitd metoda orografické interpolace zohlednuje vliv reliéfu a umoziuje jednotné
hodnoceni srazkovych pomért i v pfipadech preshrani¢nich povodi.

Dlouhodoby primérny priitok je v profilech s vodomérnym pozorovanim stanoven jako prumér praimérnych
dennich pritokl za referencni obdobi. V nepozorovanych profilech je odvozovan na zaklad¢ vztahli mezi
dlouhodobou primérnou vyskou srazek, potencidlni evapotranspiraci a odtokovou vyskou, a to pomoci
regresniho modelu dle Oudina. Vysledné hodnoty jsou déale optimalizovany s ohledem na pozorovana data ve
vodomérnych stanicich a velikost antropogenniho ovlivnéni vodniho rezimu.

M-denni pritoky popisujici variabilitu odtokového rezimu jsou odvozovany za referencni obdobi 1991-2020
s vyuzitim matematického prokladani kiivek piekroceni primérnych dennich pritokit modifikovanym 5-ti
parametrickym logaritmicko-normalnim rozdélenim mLNS5. Pro metodické postupy jednotného statistického
zpracovani M-dennich pritoku a jejich extrapolace do nepozorovanych povodi, které rovnomérné pokryvaji
celou fi¢ni sit, se pouziva oznaceni ,katastr vodnosti“. Metodika odvozeni M-dennich pritokd pro
nepozorovana povodi kombinuje regionalizaci regresnich odhadii parametri mLN5 na zaklad¢é fyzicko-
geografickych charakteristik povodi a optimalizaci vi¢i pozorovanym profilim, pficemz jsou zohlednény
vlivy evidovaného antropogenniho ovlivnéni, vyparu z vodnich ploch a funkce fi¢nich niv.

Vysledkem zpracovani je komplexni a aktualni databaze zakladnich hydrologickych tidaji pro povodi 4. fadu
za referencni obdobi 1991-2020, ktera predstavuje spolehlivy podklad pro vodohospodaiské rozhodovani,
planovaci procesy a dlouhodobé hodnoceni vodniho rezimu tizemi Ceské republiky.

Kli¢ova slova: hydrologické charakteristiky, rozvodnice, dlouhodoby primérny prutok, M-denni prutoky
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ABSTRACT

This paper presents innovated methodological approaches used to derive baseline hydrological data (M-day
discharges) for ungauged catchments in the Czech Republic for the 1991-2020 reference period. The Czech
Hydrometeorological Institute (CHMI) is the authorized state organization responsible for processing and
verifying standard hydrological data in accordance with the requirements of the CSN 75 1400 standard —
Hydrological Data of Surface Waters. Baseline hydrological data include catchment area, long-term average
annual precipitation depth, long-term average discharge, M-day discharges, and N-year peak discharges.
Update of the delineation of 1st to 4th-order catchment divides took place between 2018 and 2023, based on
the 5th generation digital elevation model (DMR 5G) and refined watercourse data from the state mapping
series ZABAGED®. The update was primarily carried out at the 4th-order catchment level, from which
higher-order catchments are subsequently derived hierarchically. The new delineation of divides led to more
precise catchment boundaries, particularly in lowland and flat areas, and to changes in spatial characteristics,
especially for smaller catchments and sub-catchments. The updated dataset of catchment divides is available
to public via CHMI open data.

The long-term average annual precipitation depth in a catchment is processed as a baseline climatic-
hydrological characteristic for the 1991-2020 reference period. Its determination is based on geographic
information systems, specifically on the spatial overlay of catchment polygons with a raster layer of long-term
precipitation totals interpolated from point measurements of rain-gauge and climatological stations, including
foreign stations. The orographic interpolation method used accounts for the effect of terrain relief and allows
for a uniform evaluation of precipitation conditions, even in the case of transboundary catchments.

At gauged cross-sections, the long-term average discharge is determined as the mean of average daily
discharges over the reference period. At ungauged cross-sections, it is derived based on the relationships
between long-term average precipitation depth, potential evapotranspiration, and runoff depth, utilizing a
regression model according to Oudin. The resulting values are further optimized regarding observed data at
gauging stations and the extent of anthropogenic influence on the water regime.

M-day discharges, that describe the variability of the runoff regime, are derived for the 1991-2020 reference
period using mathematical curve fitting of flow-duration curves of average daily discharges with a modified
S-parameter log-normal distribution (mLN5). The methodology for deriving M-day discharges for ungauged
catchments combines the regionalization of mLN5 parameter regression estimates based on the physical-
geographic characteristics of the catchment and optimization against gauged cross-sections, considering the
effects of recorded anthropogenic impact, evaporation from water bodies, and the function of floodplains.
Result of this processing is a comprehensive and up-to-date database of baseline hydrological data for 4th-
order catchments for the 1991-2020 reference period, that represents a reliable foundation for water
management decision-making, planning processes, and long-term assessment of the water regime in the Czech
Republic.

Keywords: hydrological characteristics, watershed, long-term mean discharge, M-day discharges
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ABSTRAKT

Na zaklade uznesenia vlady SR €. 799/2024 zo dna 18.12.2024 s ndzvom ,,Potencial vystavby precerpavacich
vodnych elektrarni na Slovensku® pripravuje Vodohospodarska vystavba, Statny podnik, Stadiu
uskutoCnitel'nosti Precerpavacej vodnej elektrarne (PVE) Malinec — Latky. Posudzovany investicny projekt
bude pozostavat’ hlavne z vystavby a prevadzky priehrady a hornej nadrze Latky, preCerpavacej vodnej
elektrarne Malinec - Latky vratane jej hydraulického obvodu (podzemné privadzace), rozvodne, 400 kV
vyvedenia vykonu, inovacie a modernizacie existujucej prichrady a dolnej nadrze Malinec a vyvolanych
investicii. Ciel'om projektu je vybudovat’ a prevadzkovat’ novy zdroj pre akumulaciu elektrickej energie a
poskytovanie flexibility pre elektrizaénli sustavu Slovenska, ktory bude sucastou stabilizacnych prvkov
sustavy, PVE Malinec — Latky bude predstavovat’ trvalo-udrzateI'né rieSenie Spickového a vyrovnéavacieho
energetického zdroja, ktoré¢ho funkciou je vyuzivanie elektrickej energie v Case jej prebytku (Cerpanim vody
do hornej naddrze PVE) a vyrobou elektrickej energie v PVE v Case jej nedostatku. Objem hornej aj dolnej
nadrze by mal byt cca 23 aZ 25 mil. m® a z toho by mal byt’ objem vyuZitelny na ucely PVE cca 11 az 15 mil.
m? a rozdiel prevadzkovych hladin medzi nadrzami je cca 500 m. PVE by mala byt budovana a uvddzana do
prevadzky v dvoch fazach a po etapach (Faza 1 = PVE I s inStalovanym vykonom 1200 MW, 1. etapa 2x150
MW + 1x300 MW, 2. etapa 2x300 MW; Faza 2 = PVE II s in§talovanym vykonom 1200 MW, 3. etapa 2x300
MW, 4. etapa 2x300 MW). Stadie a analyzy by mali byt’ realizované do roku 2027, projektové priprava by
mala trvat’ do roku 2030 a vystavba by mala byt’ ukonc¢ena do roku 2035.

Obec Latky patri medzi najvyssie polozené obce Slovenska. Stred obce mé vysku 830 m n. m., najvyssi bod
vysku 540 m n. m. Samotna stavba prichrady a priestor hornej nadrze budi situované v &asti Cechanky, kde
sa nachddza rozptylené¢ laznicke osidlenie (v priestore nadrze av prvom stupni ochranného pasma
vodarenského zdroja je k pobytu prihlasenych 12 obyvatelov). Zaujmova oblast spada do 3 stupna
ochranného pasma vodarenského zdroja VN Malinec. Cez zaujmové tizemie preteka potok Smolna, ktory Gsti
do VN Milinec.

Vyzvy a identifikované rizika: prioritné zabezpecenie dodavky pitnej vody, ktoré vyzaduje obnovit prepojenie
vodarenskej infrastruktiry medzi VN Hrinova, VN Malinec a VN Klenovec, zvySenie kapacity pravni vody
v Hrinovej, Malinci a v Klenovci, zrealizovat® sanédcie sucasnych nedostatkov na priehraddch Hrinova,
Klenovec a Malinec, vybudovanie vodarenského odberu priamo z toku Ipel’ nad VN Malinec, zachovanie
vodarenského ucelu VN Malinec, zaistenie vodarenského ucelu aj pre hornt nadrz Latky, vybudovanie
vodovodu a kanalizacie v obciach v ochrannych pasmach vodarenského zdroja VN Madlinec. Analyzy rieSia
stanovenie potencialnej maximalnej potreby pitnej vody, pri uvazovani pripojenie 100% obci v zaujmovom
regione a pri uvazovani demografického rastu predpokladaného do roku 2030. Analyzy taktiez rieSia vplyv
klimatickej zmeny na povrchové aj podzemné zdroje pitnej vody s najaktudlnejSimi scendrmi a modelmi
s vyhl'adom az do roku 2100.

Uznesenim vlady SR ¢. 57/2026 z 11. februdra 2026 vlada schvalila projektu PVE Malinec — Latky status
vyznamnej investicie v zmysle zédkona ¢. 371/2021 Z. z. o vyznamnych investiciach, ktory by mal okrem iné¢ho
zabezpecit, aby sucastou Stadie uskutocnitelnosti bolo aj zrealizovanie geologického prieskumu vratane
prieskumnych vrtov.

Kruacové slova: Precerpavacia vodna elektraren, VN Malinec, PVE Malinec-Latky, vodarensky zdroj, Ipel’
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ABSTRACT

Based on Resolution of the Government of the Slovak Republic No. 799/2024 of December 18, 2024, entitled
“Potential for the Construction of Pumped Storage Hydropower Plants in Slovakia,” Water Management
Construction, State Enterprise, is preparing a feasibility study for the Malinec—Latky Pumped Storage
Hydropower Plant (PSPP). The assessed investment project will primarily consist of the construction and
operation of the Latky dam and upper reservoir, the Malinec—Latky pumped storage hydropower plant
including its hydraulic circuit (underground waterways), a substation, a 400 kV power transmission
connection, modernization and upgrading of the existing Malinec dam and lower reservoir, as well as
associated investments. The objective of the project is to develop and operate a new facility for electricity
storage and the provision of flexibility to the Slovak power system. It will serve as a stabilizing element of the
system. The Malinec—Latky PSPP will represent a sustainable solution for peak and balancing energy supply,
utilizing electricity during periods of surplus (by pumping water into the upper reservoir) and generating
electricity during periods of shortage. The volume of both the upper and lower reservoirs is expected to be
approximately 23 to 25 million m?, of which about 11 to 15 million m* will be usable for PSPP purposes. The
difference in operating water levels between the reservoirs is approximately 500 m.

The PSPP is planned to be constructed and commissioned in two phases and several stages (Phase 1 = PSPP
I, installed capacity 1.200 MW, Stage 1: 2 x 150 MW + 1 x 300 MW, Stage 2: 2 x 300 MW; Phase 2 = PSPP
II, installed capacity 1.200 MW, Stage 3: 2 x 300 MW, Stage 4: 2 x 300 MW).

Studies and analyses should be completed by 2027, project preparation by 2030, and construction by 2035.
The municipality of Latky is one of the highest located municipalities in Slovakia. The center of the village
lies at an elevation of 830 m above sea level. The highest point of the cadastral area is Bykovo peak at 1.110
m above sea level, and the lowest point is where the Smolna stream leaves the cadastral area, at an elevation
of 540 m above sea level. The dam structure and the space of the upper reservoir will be located in the
Cechanky area, characterized by dispersed rural settlement (within the reservoir area and the primary
protection zone of the water supply source, 12 residents are registered for permanent residence). The area of
interest lies within the third protection zone of the Mélinec water supply reservoir. The Smolna stream flows
through the area and discharges into the Mélinec reservoir.

Challenges and Identified Risks: priority water supply security, requiring restoration of interconnections
between Hrinova, Malinec, and Klenovec reservoirs; increasing capacity of water treatment plants in Hriflova,
Malinec, and Klenovec; remediation of current deficiencies in the Hrinova, Klenovec, and Malinec dams,
construction of a water intake directly from the Ipel’ River upstream of the Malinec reservoir, preservation of
the water supply function of the Mélinec reservoir, ensuring the water supply function of the Latky upper
reservoir, development of water supply and sewerage infrastructure in municipalities within the protection
zones of the Malinec water source. The analyses address the determination of the potential maximum demand
for drinking water, assuming 100% connection of municipalities in the region and projected demographic
growth until 2030. They also assess the impact of climate change on surface and groundwater drinking water
sources using the latest scenarios and models up to the year 2100. By Government Resolution No. 57/2026 of
February 11, 2026, the project Malinec—Latky PSPP was granted the status of a significant investment under
Act No. 371/2021 Coll. on significant investments. Among other things, this ensures that the feasibility study
will include geological investigations, including exploratory drilling.

Keywords: Pumped Storage Hydropower Plant, Mélinec Reservoir, Malinec—Latky PSPP, water supply
source, Ipel’ River
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ABSTRAKT

Pribéh rozsahlejsSich povodni v nizinnych oblastech byva casto spojen s vyznamnymi rozlivy do okolni
krajiny. V téchto uzemich dochazi k pfirozené transformaci povodinové viny, ktera se projevuje zejména
zpomalenim nartstu pratokl a zpravidla také snizenim kulminacniho pritoku. Inundacni oblasti, v nichz se
docasné akumuluje zna¢né mnozstvi vody a které mnohdy zasahuji i do zastavénych Gizemi, 1ze zjednodusen¢
chapat jako pfirozené nadrze, jejichz napousténi a néasledné vypousténi se fidi urCitymi pravidly. V ramci
Piedpovédni povoditové sluzby Ceského hydrometeorologického tUstavu jsou v souéasnosti vyuzivany
jednorozmérné srazko-odtokové modely (HYDROG, Aqualog), pomoci nichz jsou rutinné¢ pocitany
ptedpovéedi pritokit ve vybranych vodomérnych stanicich. Tyto modely vSak neumoznuji detailni simulaci
samotného procesu rozlivu v konkrétnich lokalitach, na rozdil od dvourozmérnych modelt, jako jsou napf.
HEC-RAS nebo MIKE. Piesnost ptedpovédi pritoku pro vodomérné stanice situované pod rozsahlymi
inunda¢nimi izemimi tak muze byt vyznamné ovlivnéna. Na zdklad¢ zkuSenosti z priibéhu povodni na dolnim
toku Moravy byly proto v roce 2010 do srazko-odtokového modelu HYDROG zavedeny inundacni oblasti
ve formé boc¢nich nadrzi. Toto feSeni umoznilo zpfesnit pfedpovedi priitokil ve stanicich Krométiz, Spytihnév,
Straznice a Lanzhot. Vyhodnoceni povodné ze zati 2024 vSak poukézalo na potiebu revize a doplnéni téchto
inundacnich oblasti, a to zejména v povodi horni Moravy a Opavy.

Pro kazdou inundaci (resp. nadrz) byl zadan celkovy objem a zpisob plnéni a prazdnéni. Kalibrace téchto
hodnot byla provedena podle priichodu povodné ze zafi 2024. Pti nasledné verifikaci byly vyuzity vSechny
dostupné vyznamné povodiové epizody (z let 1997, 2006, 2007, 2010, 2020 aj.). Pro operativni vyuziti
modelu byl kladen dliraz na minimalizaci poctu téchto prvki pii zachovani dostate¢né presnosti.

Simulace rozlivii vySe uvedenym zptsobem pochopitelné probiha za podminek zna¢né neurcitosti. Analyzou
minulych povodnovych udélosti bylo zjisténo, ze plnéni inundaci i jejich celkovy objem neni pii kazdé
povodni zcela totozny. To je dano jednak zménami v terénu, ale i chybou vstupnich dat (pratokt, srazek),
ktera miize Cinit jednotky az desitky procent. Samotny rozliv pak do urcité¢ miry tyto chyby kompenzuje.
Praktické zkuSenosti, a to konkrétné povodiiova udélost na soutoku Moravy a Be¢vy (oblast Troubek) v zaii
2024, potvrdily vyhody, jaky tento jednoduchy zptisob zavedeni inundaci do jednorozmérnych modeli pfinasi.
Diky moznosti operativni upravy parametrt rozlivii v pribéhu povodné, u jiz zavedenych inunda¢nich uzemi,
bylo mozné podrobné¢ analyzovat predikci prutokti, coz bylo klicové pti rozhodovani povodiiovych organti
Dalsi analyzy potvrdily vyznam inundac¢nich izemi pro transformaci povodiiovych vin. Naptiklad oblast
Litovelského Pomoravi zasadné ovlivituje pritoky v Olomouci, pfi¢emz po zaplnéni inundace dochazi
kjejimu c¢aste€nému zpétnému vypousténi. V urcitych situacich (napf. pfi zaplnéni inundace jesté
pied kulminaci) miize tento proces vést i ke zhorSeni povodnové situace nize po toku. V povodi Opavy bylo
prokézano, ze pifirozené rozlivy vyznamné ovliviiuji prub¢h povodné jiz pti relativné nizkych pratocich.
Zaveérem lze konstatovat, ze vhodné zatazend inundacni zemi predstavuji kliCovy prvek pro zptesnéni
modelovani povodiovych pratokid. Jejich zahrnuti do modelu HYDROG vyznamné piispiva ke kvalité
piedpovédi a tim 1 ke zvySeni efektivity protipovodinové ochrany.

Kricové slova: inundacni uzemi, povodné, srazko-odtokovy model, HYDROG
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ABSTRACT

The course of major floods in lowland areas is often associated with significant overflow into the surrounding
landscape. Here, a natural transformation of the flood wave occurs, which is manifested primarily by a slowing
of the rise in discharge and, as a rule, also by a reduction in peak discharge. Floodplains, where large amounts
of water temporarily accumulate and which often extend into built-up areas, can be simply understood
as natural reservoirs whose filling and emptying are governed by certain rules. The Flood Forecasting Service
of the CHMI currently uses 1D rainfall-runoff models (HYDROG, Aqualog) to routinely calculate flow
forecasts at selected gauging stations. However, these models do not allow for a detailed simulation of the
actual flooding process in specific locations, unlike 2D models, such as HEC-RAS or MIKE. The accuracy of
flow forecasts for gauging stations located downstream of extensive floodplains can thus be significantly
affected. Based on experience from the 2010 floods on the lower Morava River, flood areas were therefore
incorporated into the HYDROG model in the form of lateral reservoirs. This solution made it possible to
improve the accuracy of flow forecasts at the stations in Krométiz, Spytihnév, StrdZznice, and Lanzhot.
However, the evaluation of the September 2024 flood also highlighted the need to revise and expand these
flood areas, particularly in the upper Morava and Opava river basins. For each floodplain, the total volume
and the filling and emptying patterns were specified. These values were calibrated based on the flood event of
September 2024. All available significant flood events (from 1997, 2006, 2007, 2010, 2020, etc.) were used
in the subsequent verification. For the operational use of the model, emphasis was placed on minimizing the
number of these elements while maintaining sufficient accuracy. Flood simulations conducted in the manner
described above naturally take place under conditions of considerable uncertainty. Analysis of past flood
events has shown that the extent of inundation and the total volume of floodwater are not the same in every
flood. This is due in part to changes in the terrain, but also to errors in the input data (discharge, precipitation),
which can range from a few to tens of percent. The flooding itself then compensates for these errors to a certain
extent. Practical experience, specifically the flood event at the confluence of the Morava and Becva rivers
(Troubky area) in September 2024, confirmed the advantages of this simple method of incorporating
floodplains into 1D models. Thanks to the ability to dynamically adjust floodplain parameters for existing
floodplains during the flood, it was possible to conduct a detailed analysis of flow predictions, which was
crucial in the flood management authorities’ decision to evacuate residents of a senior care facility in
Krométiz. Further analyses have confirmed the importance of floodplains in the transformation of flood
waves. For example, the Litovelské Pomoravi has a significant impact on discharge rates in Olomouc, and
once the floodplain is filled, some of the water is discharged back downstream. In certain situations (e.g.,
when the floodplain fills up before the peak), this process can even lead to a worsening of the flood
downstream. In the Opava basin, it has been demonstrated that natural overflows significantly influence the
course of a flood even at relatively low discharge rates. In conclusion, it can be stated that appropriately
incorporated floodplains represent a key element for refining the modelling of flood flows. Their inclusion in
the HYDROG model significantly contributes to the quality of forecasts and thus to increasing flood
protection.

Keywords: floodplain, floods, rainfall-runoff model, HYDROG
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ABSTRAKT

Pti hodnoceni potencialniho vlivu vodniho dila v daném povodi na transformaci povoditové viny u povodni
regionalniho typu je jednim z dilezitych kritérii velikost vlastniho povodi nadrze v kontextu celého povodi.
Pro mensi vodni nadrze nachézejici se na ptitoku, jejich fidici plocha tvofi jen nékolik procent celkové plochy
povodi, o¢ekdvame pro transformaci povodiovych priitoki na hlavnim toku mensi piinos, nez by tomu bylo
u vodni nddrze nachézejici se pfimo na hlavnim toku s fidici plochou podstatné vétsi. Tento intuitivni a logicky
opodstatnény udaj vSak muze byt zavadéjici, jak doklada predkladana studie vlivu VD Boskovice na priabéh
povodné v povodi Svitavy v zaii 2024.

VD Boskovice, jez se nachazi na toku Béla v povodi Svitavy, je mensi vodarenska nadrz s celkovym objemem
7,37 mil. m®. Plocha povodi nad nadrzi ¢ini pouhych 56 km?. K profilu vodomérné stanice Bilovice na toku
Svitavy tvoii tedy fidici plocha VD Boskovice pouhych 5 % z celkové plochy povodi (1120 km?). Piesto
vlivem této nadrze doslo ke snizeni kulminacnich pritokt v Bilovicich o vice neZ 20 procent a toto snizeni
prutokt se v absolutni hodnot¢ propagovalo 1 po soutoku se Svratkou, jak dokldda simulace srazkoodtokovym
modelem HYDROG. Tento piekvapivy ucinek byl zpiisoben idedlnim nafasovanim pii¢inné srazky
(kulmina¢ni piitok do nadrze &inil piiblizné 46 m?/s, tedy odpovidal Qaoo), které korelovalo s kulminaci
povodné na hlavnim toku, i vyraznym predpousténim nadrZe pied prichodem povodné. VD Letovice
situované na Kfetince s ¥idici plochou 126 km? a objemem 11.2 mil. m® mélo na priibéh povodné zanedbatelny
vliv, jelikoz pfi€inna srdzka zptisobila vzestup piitoku do nadrze pouze na troven Q2-Qs.

Operativni Fizeni mensich vodnich nadrzi, pro které nejsou standardné pocitany piredpovédi pritoki, 1ze
realizovat jako v€asné predpousténi nadrze pred ptichodem povodné regionalniho typu. V ptipadé povodné
ze zaFi 2024 byly na zakladé véasného varovani predpustény témét viechny nadrze v CR. Piedkladana studie
doklada vyznam tohoto pfedpousténi — transformacni Gcinek VD Boskovice by byl bez n¢j asi polovicni.
Situace na VD Letovice zaroveinl ukazuje, ze piipadné obavy ze ztraty vody na stran¢ vodohospodaiti nejsou
v ptipadé¢ regiondlnich srazek opravnéné, nebot’ hladina v nddrzi doséhla vlivem (mirn¢) zvySeného ptitoku
rychle ptivodni hodnoty.

Teoreticky ucinek vcasného predpousténi nadrzi VD Boskovice a VD Letovice byl analyzovan dale na
povodiové situaci z €ervence 1997. Pii této udalosti pravdépodobné piekrocil pritok do VD Letovice hodnotu
Q100 (hodnota neni piesné znama, odtok z nadrze viak kulminoval na hodnot& 45 m*/s). Pokud by doglo pied
prichodem povodné ke snizeni hladiny v nadrzi analogicky s rokem 2024, s velkou pravdépodobnosti by
odtok z nadrze nepiesahl neskodny odtok 7 m®/s (kapacita spodnich vypusti). Podobn& by tomu bylo i
v ptipadé VD Boskovice, kdy by vlivem v&asného piedpusténi ¢inil odtok z nadrze 8 m?/s misto ptivodni
kulminace 17 m%/s. V profilu Bilovice by pak kulminaé¢ni priitok klesl pfiblizné na hodnotu 95 m*/s (ptivodné
125 m¥/s), tedy téméf o 25 procent.

Vliv mensSich vodnich nadrzi na pribéh povodni zplisobenych regionalnimi srazkami tedy nelze podcenovat,
nebot’ za urCitych okolnosti mohou mit piekvapivé velky vyznam i v kontextu velkych povodi. Vcasné
predpousténi téchto nadrzi pted ptichodem povodné se vSak pro tento tcel ukazuje jako nezbytné.

KPlucové slova: regionalni povodné, operativni fizeni, predpousténi nadrze, srazkoodtokovy model,
HYDROG
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ABSTRACT

When assessing the influence of a water reservoir on flood wave transformation during regional-type floods,
an important criterion is the size of the reservoir’s catchment area relative to the entire basin. Smaller
reservoirs located on tributaries, whose contributing area represents only a few percent of the total basin area,
are generally expected to have a limited effect on flood transformation along the main river. However, this
assumption may be misleading, as demonstrated by the presented study of the Boskovice Reservoir during the
September 2024 flood event in the Svitava River basin.

The Boskovice Reservoir, located on the B¢€la stream, is a small reservoir with a total storage capacity of 7.37
million m? and a catchment area of only 56 km?. Relative to the Bilovice gauging station on the Svitava River,
its contributing area represents just 5% of the total basin area (1,120 km?). Nevertheless, the reservoir
reduced peak discharges at Bilovice by more than 20%, with this reduction propagating downstream even
below the confluence with the Svratka River, as demonstrated by HYDROG rainfall-runoff model
simulations. This effect resulted from the favourable timing of the rainfall event (peak inflow reached
approximately 46 m?/s, corresponding to Q200), coinciding with the flood peak on the main river, together
with significant pre-release operations before the flood.

The Letovice Reservoir on the Kietinka River, with a contributing area of 126 km? and a storage capacity of
11.2 million m?, had only a negligible effect on the flood event because inflows increased merely to the Q2—
Q5 level.

Operational management of smaller water reservoirs, for which inflow forecasts are not routinely
calculated, can be implemented through timely pre-release operations prior to regional-type floods. During
the September 2024 flood event, nearly all reservoirs in the Czech Republic were pre-released based on early
warnings. The present study demonstrates the importance of these operations — without pre-release, the flood
attenuation effect of the Boskovice Reservoir would have been approximately half as large. At the same time,
the situation at the Letovice Reservoir indicates that concerns about water loss are unfounded in the case of
regional rainfall events, since the reservoir level quickly recovered due to increased inflow.

The theoretical effect of timely pre-release operations at the Boskovice and Letovice reservoirs was further
analysed for the July 1997 flood event. During this event, inflow into the Letovice Reservoir likely exceeded
Q100, while reservoir outflow peaked at 45 m?*/s. If the reservoir level had been lowered in advance similarly
to 2024, the outflow would likely not have exceeded the safe discharge of 7 m*/s (bottom outlet capacity). A
similar effect would have occurred at the Boskovice Reservoir, where pre-release would have reduced outflow
from peak discharge 17 m?/s to 8 m?/s. Consequently, the peak discharge at the Bilovice profile would have
decreased from 125 m?/s to approximately 95 m?/s, i.e. by nearly 25%.

The influence of smaller reservoirs on floods caused by regional precipitation should therefore not be
underestimated, as under certain conditions they may significantly affect flood development even within large
river basins. Timely pre-release operations before flood arrival appear to be essential for achieving this effect.

Keywords: regional floods, operational management, reservoir pre-release, rainfall-runoff model, HYDROG
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ABSTRAKT

Hodnotenie aktudlnej Grovne bezpec¢nosti vodnych stavieb, ktoré boli pdvodne navrhované na zéklade
historickych hydrologickych tidajov s obmedzenou dizkou a kvalitou zdznamov, méZe viest’ k neistotam pri
odhade povodinového rizika. Tento problém je zvIast vyznamny v podmienkach meniaceho sa hydrologického
rezimu, rastucej variability extrémnych prietokov a prejavov klimatickej zmeny. Tradicné pristupy sa Casto
opieraju o jednorozmernu frekven¢nu analyzu, ktora poskytuje informéciu najmai o pravdepodobnosti vyskytu
extrémnych kulmina¢nych prietokov, no nezohladnuje viacrozmerni povahu povodnovych udalosti. Pri
hodnoteni povodnového zatazenia nadrze je vSak rozhodujice zohladnit’ aj vzajomné vdzby medzi
kulminaénym prietokom, objemom, trvanim a tvarom hydrogramu. Viacrozmerna frekvencna analyza
zalozena na modelovani spolo¢ného pravdepodobnostného rozdelenia tychto charakteristik modze
predstavovat’ metodicky posun smerom k realistickejSiemu hodnoteniu bezpecnosti vodnych stavieb.
Cielom prace je poskytnit’ analytikom rizika konzistentny procesne orientovany viacrozmerny
pravdepodobnostny ramec na stanovenie suboru kontrolnych povodnovych hydrogramov, ktory reSpektuje a
opisuje zavislostné Struktary medzi kulmina¢nymi prietokmi, objemami a trvaniami povodni. Navrhovany
postup vyuziva Statisticky pristup zalozeny na viacrozmernej frekvencnej analyze prostrednictvom tedrie
kopul, ktory umoziuje modelovat’ spolocné rozdelenie uvedenych charakteristik a ich vzdjomné vizby.
Vstupnymi tidajmi do viacrozmernej analyzy su pozorované prietoky v profile vodnej nadrze Liptovska Mara,
z ktorych st pomocou softvéru FloodSep separované jednotlivé povodiiové udalosti a uréené ich zakladné
charakteristiky. Vzhl'adom na rozdielny charakter povodni pocas roka je sezonnost’ zohl'adnend samostatnym
hodnotenim letného a zimného obdobia. Na zaklade modelovania si zostrojené kontrolné povodnoveé
hydrogramy definované kombinaciou kulminaéného prietoku, objemu a trvania s prisluSnou
pravdepodobnostou prekrocenia. Hodnotenie bezpecnosti nadrze je realizované prostrednictvom analyzy
hydrogramov a podmienenych spolo¢nych pravdepodobnosti prekroc¢enia objemu a trvania povodne pri
danom kulmina¢nom prietoku. Navrhnuty postup umoziuje zostavit’ kontrolné povodnové hydrogramy, ktoré
lepSie vystihuji prirodzenu variabilitu povodiovych udalosti a ich viacrozmerny charakter. Vysledky
predstavuju podklad pre nasledni transformdaciu povodni v nddrzi, hodnotenie maximalnych hladin a
posudenie bezpecnosti vodného diela Liptovska Mara pocas extrémneho povodinového zatazenia. Aplikacia
postupu zarovenn poukazuje na jeho vyuzitelnost' pri technicko-bezpecnostnom dohlade nad vodnymi
stavbami a pri podpore rozhodovania v oblasti manazmentu povodnového rizika.

KPlucové slova: pristup zalozeny na kopulach, kontrolné povodinové hydrogramy; Liptovskd Mara;
povodiové riziko, viacrozmerna frekvencéna analyza
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ABSTRACT

The assessment of the current safety level of hydraulic structures that were originally designed based on
historical hydrological data with limited record length and quality may lead to uncertainties in flood risk
estimation. This issue is particularly important under conditions of a changing hydrological regime, increasing
variability of extreme flows, and the manifestations of climate change. Traditional approaches often rely on
univariate frequency analysis, which mainly provides information on the probability of occurrence of extreme
flood peaks, but does not account for the multivariate nature of flood events. However, in assessing the flood
loading of a reservoir, it is essential to consider the interdependencies among the flood peak, volume, duration,
and hydrograph shape. Multivariate frequency analysis based on modelling the joint probability distribution
of these characteristics may represent a methodological step towards a more realistic assessment of the safety
of hydraulic structures.

The aim of this study is to provide risk analysts with a consistent, process-oriented multivariate probabilistic
framework for determining a set of control flood hydrographs that respects and describes the dependence
structures among flood peaks, volumes, and durations. The proposed procedure applies a statistical approach
based on multivariate frequency analysis using copula theory, which enables the joint distribution of these
characteristics and their mutual dependencies to be modelled. The input data for the multivariate analysis
consist of observed discharge records in the profile of the Liptovska Mara water reservoir, from which
individual flood events are separated using the FloodSep software and their basic characteristics are
determined. Considering the different nature of floods throughout the year, flood seasonality is accounted for
by separate analyses of the summer and winter periods. Based on the modelling, control flood hydrographs
are constructed as combinations of flood peak, volume, and duration with the corresponding probability of
exceedance. Reservoir safety assessment is carried out through hydrograph analysis and conditional joint
probabilities of exceedance of flood volume and duration given a specified flood peak. The proposed
procedure enables the construction of control flood hydrographs that better capture the natural variability of
flood events and their multivariate character. The results provide a basis for the subsequent flood routing in
the reservoir, the assessment of maximum water levels, and the safety assessment of the Liptovskd Mara water
reservoir under extreme flood loading. The application of the procedure also demonstrates its usefulness for
technical safety supervision of hydraulic structures and for supporting decision-making in flood risk
management.

Keywords: copula-based approach, control flood hydrographs; Liptovska Mara reservoir; flood risk, flood
seasonality, multivariate frequency analysis
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ABSTRAKT

Upravy vodnych tokov, ako s napriamovanie koryt, ich prehlbovanie a budovanie ochrannych hradzi,
vyznamne zmenili morfologiu riek a hydrodynamické procesy vo viacerych europskych krajindch. Tieto
zasahy sa vSeobecne povazuju za faktory znizujice retencnu kapacitu inundacii a urychlujuce Sirenie
povodiiovych vin po prade. Tato $tadia skiima vplyv historickych Gprav koryt na transformaciu povodiiovych
vin pomocou dvojdimenzionalneho hydraulického modelu HEC-RAS. Model bol aplikovany na $tyri rie¢ne
tseky v Ceskej republike: rieky Bedva, Morava, Stropnice a Trkmanka. Su¢asna topografia rieénych koryt a
niv bola odvodena z digitadlneho modelu reli¢fu (DMR) s vysokym rozliSenim. Historické trasy koryt boli
rekons$truované na zéklade historickych map a implementované do terénneho modelu nahradenim sucasne;j
geometrie koryt rekonStruovanym historickym korytom. Kapacita historickych koryt bola odhadnuta
pomocou Manningovej rovnice a upravena tak, aby priblizne zodpovedala 1-ro¢nému prietoku. Topografia
niv a ich drsnost’ boli ponechané identické so su¢asnym stavom s cielom izolovat’ vplyv geometrie koryt na
povodiiovii dynamiku. Transformacia povodiiovych vin bola simulované pre povodne s N-ro¢nostou 2 a 20
rokov a vyhodnotend v priecnych profiloch situovanych na konci modelovanych usekov. Sucasné
antropogénne upravené koryta vo vSeobecnosti vykazovali vysSie priemerné (+33,25 %) a maximalne (+39,76
%) rychlosti pradenia, mensi rozsah zaplavy (-180 %) a vyssie priemerné (+18,3 %) aj maximalne (+18,6 %)
hibky zaplavenia v porovnani s historickymi podmienkami. Napriek tymto vyraznym rozdielom v
hydraulickych charakteristikach zostala transformacia povodiiovych vin v dolnych ¢astiach visiny
skimanych usekov obmedzena, pricom boli zaznamenané iba malé zmeny kulminacnych prietokov a ¢asu
kulminécie. Vysledky naznacuji, ze zaplavované nivy funguji prevazne ako hydraulicky prepojené
transportné zony, a nie ako efektivne retenéné priestory. Hoci obnova prepojenia nivy a koryta zvysuje rozsah
zéplavy a znizuje rychlosti pradenia, voda sa nad’alej efektivne Sir1 po prade v dosledku zachovanej
hydraulickej konektivity a pozdizneho sklonu inundacii. V désledku toho zostava efekt timenia povodiiovych
vin slaby. Zistenia tejto §tGdie naznaduju, Ze obnova historickej morfolégie koryt nemusi nevyhnutne viest’ k
vyznamnej redukcii kulmina¢nych prietokov na Grovni rie¢neho useku, ked’ze hydrodynamika inundécii zavisi
predovsetkym od rovnovahy medzi retencnou kapacitou a efektivitou transportu vody v smere toku.

Kruacové slova: transformacia povodnovej viny, hydraulické modelovanie, HEC-RAS, doba opakovania
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ABSTRACT

Channel modifications such as channel straightening, deepening, and embankment construction have
substantially altered river morphology and hydrodynamic processes across many European rivers. These
alterations are commonly assumed to reduce floodplain retention capacity and accelerate downstream flood
propagation. This study investigates the influence of historical channel modifications on flood wave
transformation using the two-dimensional hydraulic model HEC-RAS.

The model was applied to four river reaches in the Czech Republic: Becva River, Morava River, Stropnice
River, and Trkmanka River. Present-day river and floodplain topography were derived from a high-resolution
digital terrain model (DTM). Historical channel courses were reconstructed from historical maps and
incorporated into the terrain model by replacing the present-day channel geometry with the reconstructed
historical channel. Historical channel capacity was estimated using Manning’s equation and adjusted to
correspond approximately to the 1-year return period discharge. Floodplain topography and land cover were
kept identical to present-day conditions to isolate the effect of channel geometry on flood dynamics. Flood
wave transformation was simulated for 2-year and 20-year return period flood events and evaluated at
downstream cross-sections.

Present-day modified channels generally exhibited higher mean (+33.25%) and maximum (+39.76%) flow
velocities, smaller inundation extent (-180%), and higher mean (+18.3%) and maximal (+18.6%) flood depths
compared to historical conditions. Despite these substantial differences in hydraulic conditions, downstream
flood wave transformation remained limited in most river reaches, with only minor changes in peak discharge
and peak timing. The results suggest that inundated floodplains function predominantly as hydraulically
connected conveyance zones rather than as effective retention areas. Although floodplain reconnection
increases inundation extent and reduces flow velocities, water continues to propagate efficiently downstream
due to maintained hydraulic connectivity and longitudinal floodplain slope. Consequently, flood attenuation
effects remain weak. These findings indicate that restoration of historical channel morphology does not
necessarily lead to significant flood peak reduction at the reach scale, as floodplain hydrodynamics depend
primarily on the balance between storage capacity and downstream conveyance efficiency.

Keywords: Flood wave transformation, hydraulic modelling, HEC-RAS, return period
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ABSTRAKT

V prvej polovici septembra 2024 sa nad severnym Talianskom, na postupujucom studenom fronte, vyvinula
a postupne prehibila tlakova niZ, ktora v nasledujucich troch diioch priniesla na Slovensko intenzivne a
vytrvalé zrazky, pricom ich celkové thrny dosahovali od 120 az do 250 mm, na ndveternych stranach pohori
miestami aj podstatne viac. K vyraznému zhorSeniu hydrologickej situacie doslo najmé pocas vikendu 14. a
15. septembra 2024. Najviac sa to prejavilo na slovenskom useku riek Morava a Dunaj, v povodi Myjavy, na
mensich tokoch z Malych Karpat a v oblasti Kysuc. Po rychlom nasyteni izemia vodou zacali hladiny tokov
prudko stupat’, pricom dosahovali 1. az 3. stupen povodiiovej aktivity. Na vSetkych sledovanych profiloch na
Morave a Dunaji boli dosiahnuté kulmina¢né hladiny hodnoty vyrazne presahujice 3. stupeii povodiove;j
aktivity. Vykondvanie priamych merani prietokov pocas povodne sa sustredilo hlavne na hlavny tok Moravy,
kde sa o¢akavali po vydatnych zrazkach v juhovychodne;j oblasti Ceskej republiky rychle a vysoké vzostupy
vodnych hladin. Nésledne sa pozornost’ upriamila aj na Dunaj kde dlhSie trvajuce kulminécie v Devine a
Bratislave (rovnako aj na profiloch pod vodnym dielom Gabc¢ikovo) boli sposobené subeznym pritokom
povodiiovych vin z dolného Rakuska a z povodia Moravy. Vysoké stavy na Dunaji nasledne vyvolali spitné
vzdutie na dolnych usekoch riek Vah, Nitra a Ipel’.

Kruacové slova: povodne, povodie Dunaja, povodie Moravy, september 2024
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ABSTRACT

In early September 2024, a low-pressure system formed over northern Italy along an advancing cold front and
subsequently intensified. For three days, it brought intense and persistent precipitation to Slovakia, with total
rainfall amounts ranging from 120 to 250 mm, with higher totals on the windward sides of mountain ranges.
A significant deterioration in hydrological conditions occurred, particularly during the weekend of 14-15
September 2024. This was most evident along the Slovak parts of the Morava and Danube rivers, in the Myjava
River basin, in smaller streams draining the Little Carpathian Mountains, and in the Kysuce region. Due to
the rapid catchment saturation, water levels of rivers increased rapidly and exceeded the lowest (1%) to the
highest (3") flood activity levels. At all monitored water gauging stations in the Morava and Danube River
basins, peak water levels exceeded the 3™ flood activity level thresholds. Direct discharge measurements
during the flood event were primarily focused on the Morava River, where rapid and high-water level increases
were expected due to intense precipitation in the south-eastern part of the Czech Republic. Subsequently,
attention was also directed to the Danube River, where prolonged peak stages at Devin and Bratislava (as well
as at water gauging stations downstream of the Gabcikovo hydropower scheme) were caused by the
synchronous superposition of flood waves from Lower Austria and the Morava River basin. High water levels
on the Danube River subsequently induced backwater effects in the lower Véh, Nitra, and Ipel rivers.

Keywords: flood events, Danube River basin, Morava River basin, September 2024
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ABSTRAKT

Hydrologie poskytuje v souCasnosti mnoho vystupt, které jsou nasledné pouzivany v inZzenyrské praxi. Jedna se
napiiklad o veli¢iny, které slouzi k navrhovani vodnich dél — vodnich nadrzi a jejich naslednému provozu. Jsou to
napiiklad udaje slouZici k zajisténi bezpecnosti hrazi vodnich nadrzi, tedy k navrhu takovych zatizeni, které pfevedou
povodnové pritoky bez ohroZzeni bezpecnosti hradiciho objektu. Dale jsou to hydrologické udaje slouzici k navrhu
hospodarieni s vodou ve vlastni vodni nadrzi a tim k zajisténi pozadovanych tc¢elt téchto vodnich d€l. Nedilnou soucasti
dlouhodobého provozu vodnich nadrzi je prubézné oveéfovani téchto navrhovych veliin, a to véetné vyhledu do
budoucnosti. Toto je nezbytné jednak pro vlastni provoz vodniho dila a jednak pro ptfipadny navrh dalSich opatieni,
kterd umozni zajisténi bezpecnosti a pozadovanych uceltl vodnich nadrzi v budoucnosti. Soucasny vyvoj v klimatologii
a meteorologii sméfuje k vytvaieni vystupu, které zachycuji a kvantifikuji neurcitost pii odhadu budouciho vyvoje
pomoci ansamblu scénait s riiznou mirou pravdépodobnosti. Vysledkem je pak ,,véjif moznych trajektorii, ktery
reprezentuje Siroké spektrum pravdépodobného budouciho vyvoje. Pokud je vSak tento rozptyl piili§ Siroky, stava se
takovy vystup obtizné vyuzitelny pro navrh konkrétnich opatieni. InZenyrska praxe naproti tomu vyzaduje stanoveni
jednoznacné navrhové hodnoty ¢i scénéte, na jehoz zakladé jsou technicka opatfeni navrzena.

Vodni dilo Orlik je z hlediska objemu nejvétsi vodni nadrzi v Ceské republice. Dle platné legislativy je nutné, aby hraz
vodniho dila bezpe¢né prevedla povoden s dobou opakovani 10 000 let. V prispévku bude ukdzano pouziti metod a
podkladt pro odhad tohoto udaje, ktery je i vzhledem k délce pouzitych pozorovanych dat, zatizen zna¢nou mirou
nejistoty. Byt byl v dob€ navrhu opatfeni na hrazi k dispozici velmi Siroky rozptyl mozného odhadu této navrhové
veli¢iny, bylo nutno vybrat konkrétni hodnotu, na kterou je vodni dilo Orlik zajisténo, vybudovanim nového
doplnkového bezpe¢nostniho pielivu.

V soudasnosti jsou vyznamné vodni nadrze v Ceské republice posuzovany z hlediska spolehlivosti zajisténi zasobni
funkce (odbéry vody, zajisténi MZP atd.) nejenom pro soucasné hydrologické podminky, ale i pro klimatické podminky
vzdalenéjsich ¢asovych horizontl az do roku 2100. Soucasné klimatické modely a socioekonomické scénate poskytuji
Siroky rozptyl mozného budouciho vyvoje. V roce 2018 bylo piipraveno komplexni vodohospodaiské feseni vodnich
nadrzi v povodi Rakovnického potoka a BlSanky. Cilem tohoto feSeni byla analyza spolehlivosti dodavek vody pro
zavlahy chmele a zajisténi minimalnich ztstatkovych pritoki pro budouci ¢asové horizonty klimatické zmény dle
ansamblu 34 klimatickych modelt a klimatickych scénatfi. Analyza kvantifikovala propagaci neurcitosti klimatickych
scénafi do nejistot hydrologické a vodohospodaiské bilance. Rozptyl narokli na velikost zadsobniho objemu pro
jednotlivé scéndfe vramci simulovaného ansamblu se ukazal tak vysoky, Ze vysledky analyzy byly prakticky
nepouzitelné pro rozhodovaci proces. Vznikla proto potieba pripravy jednoho navrhového scénare, ktery s uréitou mirou
bezpecnosti bude reprezentovat klimatické a hydrologické podminky v budoucich ¢asovych horizontech. Tento tzv.
stiedni scénaf klimatické zmény pro vodni hospodaistvi v Ceské republice zpracoval na objednavku statnich podniki
Povodi Vyzkumny tstav vodohospodatsky v letech 2019 az 2020. Nasledné je tento pouzivan v Ceské republice pro
potfeby vodniho hospodaistvi. Vyznamné vodarenské nadrze jsou Casto hlavnim zdrojem vody pro rozsahla uzemi a
jejich plné nahrazeni neni mozné. Proto je potieba jejich navrhu z pohledu zabezpecenosti vénovat mimotfadnou
pozornost.

Prispévek diskutuje pouziti hydrologickych podkladl se zna¢nou mirou nejistoty pro navrh vyznamnych vodnich dél,
jejichz nasledny provoz ma zcela zdsadni vliv na spolecnost.

KrPucové slova: navrhové veli¢iny, bezpecnost vodnich dé€l, vodohospodarské feSeni akumula¢ni nadrze, klimaticka
zména
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ABSTRACT

Hydrology currently provides a wealth of data that is subsequently used in engineering practice. This includes, for
example, parameters used in the design of water structures—such as reservoirs—and their subsequent operation. These
include, for example, data used to ensure the safety of reservoir dams, i.e., to design structures capable of handling flood
flows without compromising the safety of the dam. Additionally, there are hydrological data used to plan water
management within the reservoir itself, thereby ensuring the intended purposes of these water structures. An integral
part of the long-term operation of reservoirs is the ongoing verification of these design parameters, including projections
into the future. This is necessary both for the actual operation of the waterworks and for the potential design of additional
measures that will ensure the safety and intended purposes of reservoirs in the future. Current developments in
climatology and meteorology are moving toward the creation of outputs that capture and quantify uncertainty in
estimating future developments using an ensemble of scenarios with varying degrees of probability. The result is a
“range of possible trajectories” that represents a broad spectrum of likely future developments. However, if this range
is too wide, such an output becomes difficult to use for proposing specific measures. Engineering practice, on the other
hand, requires the determination of a clear design value or scenario on the basis of which technical measures are
proposed.

The Orlik Dam is the largest reservoir in the Czech Republic in terms of volume. Under current legislation, the dam
must be capable of safely withstanding a flood with a 10,000-year return period. This paper will demonstrate the use of
methods and data to estimate this parameter, which is subject to a significant degree of uncertainty, particularly given
the length of the observed data used. Although a very wide range of possible estimates for this design parameter was
available at the time the measures for the dam were proposed, it was necessary to select a specific value to which the
Orlik dam is secured by the construction of a new supplementary safety spillway.

Currently, major reservoirs in the Czech Republic are being assessed in terms of the reliability of their storage function
(water withdrawals, ensuring minimum water levels, etc.) not only for current hydrological conditions but also for
climate conditions over longer time horizons, extending up to the year 2100. Current climate models and socioeconomic
scenarios provide a wide range of possible future developments. In 2018, a comprehensive water management solution
was prepared for reservoirs in the Rakovnicky stream and BlSanka river basins. The objective of this solution was to
analyze the reliability of water supplies for hop irrigation and to ensure minimum residual flows for future time horizons
of climate change based on an ensemble of 34 climate models and climate scenarios. The analysis quantified the
propagation of uncertainty from climate scenarios into uncertainties in the hydrological and water management balance.
The variation in storage volume requirements across individual scenarios within the simulated ensemble proved so high
that the analysis results were practically unusable for the decision-making process. Consequently, there arose a need to
develop a single design scenario that would, with a certain degree of safety, represent climatic and hydrological
conditions in future time horizons. This so-called “medium” climate change scenario for water management in the Czech
Republic was developed by the Water Research Institute at the request of the state-owned Povodi water management
companies between 2019 and 2020. It is subsequently used in the Czech Republic for water management purposes.
Major water reservoirs are often the primary source of water for large areas, and their complete replacement is not
possible. Therefore, their design must be given special attention from a safety perspective. This paper discusses the use
of hydrological data with a significant degree of uncertainty in the design of major water infrastructure projects, the
subsequent operation of which has a profound impact on society.

Keywords: design parameters, safety of hydraulic structures, water management solutions for storage reservoirs,
climate change
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ABSTRAKT

Frekvencna analyza umoziiuje hodnotit’ hydrologické extrémy (minima i maxima) a ich pravdepodobnostné
charakteristiky. Presnost’ frekven¢nej analyzy je na jednej strane ovplyvnena zmenami v povodiach a na
druhej strane variabilitou klimy. NavySe, vyrazna orografickda a klimatickd réznorodost’ spdsobuje na
Slovensku zna¢nu priestorovi variabilitu extrémnych prietokov, o komplikuje regionalizéciu vztahov medzi
extrémnymi prietokmi, ich sezonnym vyskytom a dobou opakovania. Cielom tejto prace bolo odvodit
pravdepodobnostné vlastnosti 1-dennych maximalnych a 7-dennych minimélnych Specifickych odtokov v
povodiach slovenskych riek pre dve sezény: pre letno-jesenné (SA, méj—oktober) a zimno-jarné (WS,
november—april) obdobie, a pokusit’ sa o odvodenie empirickych vztahov medzi N-roénymi extrémnymi
Specifickymi odtokmi a nadmorskou vyskou stanice.

V stadii sme vychadzali z dlhodobych radov priemernych dennych prietokov z 26 vodomernych stanic
pokryvajicich obdobie 90 hydrologickych rokov (1930/31-2019/20). Na zabezpecenie porovnatelnosti
vysledkov bol pouzity jednotny matematicky pristup odhadu N-ro¢nych 1-dennych maximalnych a 7-dennych
minimalnych Specifickych odtokov. Zvolené bolo teoretické rozdelenie pravdepodobnosti Log-Pearsonovho
III. typu, ktoré sa vyznacuje dobrou flexibilitou v hornych aj dolnych okrajoch teoretickej krivky pomocou
parametra Sikmosti.

Vysledky analyzy dia vyskytu 1-dennych maxim ukdazali, Ze v poslednych tridsiatich rokoch (1990/91 —
2019/20) sa maxima vyskytovali v WS sezone skor, a v SA sezéne neskér. Dalej, z analyzy dlhodobych
trendov vyplyva, ze vyznamny vzostupny trend 1-dennych maxim bol v obdobi rokov 1930/31-2019/20
pozorovany na 17-tich staniciach pofas SA sezony a na deviatich staniciach pocas WS sezony. Vysledky
aplikacie jednej teoretickej funkcie rozdelenia pravdepodobnosti, LP III, ukazali, Ze 1-diiové maximalne
Specifické prietoky st v SA sezéne vyssie, v porovnani s WS sezénou.

Porovnanie dna vyskytu 7-dennych minim ukazalo ich skor$i nastup v oboch sezénach. Za celé obdobie od
roku 1930/31-2019/20 sa 7-diiové minimd zvysili o 12,8 az 3,5% v severnej a vychodnej Casti Slovenska,
zatial’ €o v strednej Casti (niZinaté oblasti) klesli o 16% a v juznej Casti (niZinaté oblasti) Slovenska dokonca
0 23%. Rast minimalnych prietokov bol pravdepodobne ovplyvneny narastom thrnov zrazok po roku 1996,
ako aj dotovanim prietokov v riekach pocas obdobi sucha pomocou nadrzi.

Z vysledkov vyplyva, ze odhadnuté N-ro¢né 1-denné maximalne a 7-denné¢ minimalne Specifické odtoky
vykazuju nelinedrne zavislosti na dlhodobom priemernom Specifickom odtoku a na nadmorskej vyske
vodomernej stanice. Na zaklade tychto zavislosti sme odvodili empirické regresne vztahy (v tvare S-krivky)
samostatne pre obe sezony, ktoré umoznuju rychly nepriamy odhad N-ro¢nych 7-diiovych minimalnych a 1-
dilovych maximalnych Specifickych odtokov na Slovensku.

Krlacové slova: vysoké anizke prietoky, sezonalita odtokového rezimu, klimatické zmeny,
pravdepodobnostné rozdelenie, priamy a nepriamy odhad doby opakovania prietokov
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ABSTRACT

Frequency analysis makes it possible to evaluate hydrological extremes (both minima and maxima) and their
probabilistic characteristics. The accuracy of frequency analysis is influenced, on the one hand, by changes in
river basins and, on the other hand, by climate variability. Moreover, significant orographic and climatic
diversity in Slovakia causes considerable spatial variability of extreme flows, which complicates the
regionalization of relationships between extreme flows, their seasonal occurrence, and return periods.

The aim of this study was to derive the probabilistic characteristics of 1-day maximum and 7-day minimum
specific runoff in Slovak river basins for two seasons: the summer—autumn (SA, May—October) and winter—
spring (WS, November—April) periods, and to attempt to derive empirical relationships between N-year
extreme specific runoff and the elevation of the gauging station.

The study was based on long-term series of mean daily discharges from 26 gauging stations covering a period
of 90 hydrological years (1930/31-2019/20). To ensure comparability of the results, a unified mathematical
approach was used for estimating N-year 1-day maximum and 7-day minimum specific runoff. The theoretical
Log-Pearson Type III probability distribution was selected, as it is well suited for modelling both the upper
and lower tails of the theoretical distribution through the skewness parameter.

The results of the analysis of the occurrence date of 1-day maxima showed that during the last thirty years
(1990/91-2019/20), maxima occurred earlier in the WS season and later in the SA season. Furthermore, the
analysis of long-term trends indicated that a significant increasing trend in 1-day maxima during the period
1930/31-2019/20 was observed at 17 stations during the SA season and at nine stations during the WS season.
The results of applying the LP III theoretical probability distribution function showed that 1-day maximum
specific flows are higher in the SA season compared to the WS season.

The comparison of the occurrence date of 7-day minima showed their earlier onset in both seasons. Over the
entire period from 1930/31-2019/20, 7-day minima increased by 12.8% to 3.5% in the northern and eastern
parts of Slovakia, while in the central part (lowland areas) they decreased by 16%, and in the southern part
(lowland areas) of Slovakia even by 23%. The increase in minimum flows was probably influenced by higher
precipitation totals after 1996, as well as by flow support in rivers during drought periods through reservoirs.
The results indicate that the estimated N-year 1-day maximum and 7-day minimum specific runoff show
nonlinear relationships with the long-term mean specific runoff and with the elevation of the gauging station.
Based on these relationships, empirical regression equations (in the form of an S-curve) were derived
separately for both seasons, enabling a rapid indirect estimation of N-year 7-day minimum and 1-day
maximum specific runoff in Slovakia.

Keywords: high and low flows; flow regime seasonality; climate change; probability, distribution; return
period discharge estimation; direct and indirect approaches
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ABSTRAKT

Obsah tekutej vody (LWC — Liquid Water Content) v snehovej pokryvke predstavuje jeden z kl'acovych
parametrov ovplyviiujucich fyzikalne vlastnosti snehovej pokryvky, procesy metamorfézy snehu a hydrologiu
horskych povodi najmé poc¢as obdobia topenia. Cielom prispevku je analyzovat’ priestorovu variabilitu LWC
v snehovej pokryvke a identifikovat’ distribuciu tekutej vody v profile v rdznych Castiach zimnej sezony.
Terénny vyskum prebieha na lokalite Cervenec v Zapadnych Tatrach (1 500 m n. m.) poas zimnej sezony
2025/2026. Obsah tekutej vody a hustota snehu boli merané pomocou dielektrického pristroja Toikka
SnowFork a pouzité¢ boli dve metodiky merania vo vertikalnych a horizontalnych profiloch. K meraniam
patrilo aj vyhodnotenie snehomernych profilov, opis stratigrafie, tvaru a velkosti zfn, tvrdosti vrstiev a
teplotnych pomerov v snehovej pokryvke. Predbezné vysledky vychadzaju z troch merani realizovanych v
mesacnom odstupe v priebehu zimnej sezony.

Porovnanie hustoty snehu stanovenej pristrojom SnowFork a manudlnym meranim pomocou snehomerne;j
rary preukazalo dobra zhodu vysledkov, ¢o potvrdzuje vhodnost’ pouzitej metodiky pre terénne aplikécie.
Pocas merani v januari a februari boli zaznamenané nizke hodnoty LWC, pricom snehova pokryvka bola
zloZena z prevazne suchého snehu. Naopak jarné aprilové meranie zachytilo vyrazny néarast obsahu tekutej
vody v izotermickom snehovom profile. Najvyssie hodnoty LWC boli zaznamenané vo vrchnej vrstve nového
snehu a v spodnych firnovych horizontoch, kde dochédzalo k akumulacii vody. Vysledky zaroven poukézali
na vyznam l'adovych vrstiev, ktoré¢ moézu ovplyviiovat’ vertikalny transport vody a vytvarat’ zony lokalne;j
akumulécie.

Predbezné vysledky potvrdzuji vyrazna priestorovl variabilitu obsahu tekutej vody v snehovej pokryvke a
poukazuju na vyznam kombinacie dielektrickych merani a detailného profilového vyskumu pri Stadiu
procesov transportu a redistribicie vody v snehu. Pokracujici monitoring umozni detailnejSie vyhodnotit’
sezoénny vyvoj LWC a jeho vztah k zmenam Struktary snehovej pokryvky pocas obdobia topenia.

Kruacové slova: tekuty obsah vody v snehovej pokryvke, udalosti typu dazd’ na sneh, snehomerny profil
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ABSTRACT

Liquid Water Content (LWC) in snow is one of the key parameters influencing the physical properties
of snow, snow metamorphism processes, and the hydrology of mountain catchments, particularly during the
snowmelt period. The aim of this study is to analyse the spatial variability of LWC within the snowpack and
to identify the distribution of liquid water in snow profiles during different stages of the winter season.

Field measurements were conducted at the Cervenec site in the Western Tatra Mountains (1,500 m
a.s.l.) during the 2025/2026 winter season. Liquid water content and snow density were measured using the
dielectric instrument Toikka SnowFork. Two measurement approaches were applied, consisting of vertical
and horizontal snow profile observations. The study also included detailed snow pit analyses, including snow
stratigraphy, grain shape and size classification, layer hardness assessment, and snow temperature
measurements. Preliminary results are based on three field campaigns conducted at monthly intervals
throughout the winter season.

A comparison between snow density measured by the SnowFork instrument and manual measurements
obtained using a snow tube showed good agreement, confirming the suitability of the applied methodology
for field applications. Measurements conducted in January and February showed low LWC values, with the
snowpack consisting predominantly of dry snow. In contrast, observations from April captured a significant
increase in liquid water content within an isothermal snow profile. The highest LWC values were recorded in
the upper layer of new snow and in the lower firn layer, where liquid water accumulation occurred. The results
also highlighted the importance of ice layers, which may influence the vertical transport of water and create
zones of local water accumulation within the snowpack.

The preliminary results confirm substantial spatial variability in liquid water content within the
snowpack and demonstrate the value of combining dielectric measurements with detailed snow profile
observations for investigating water transport and redistribution processes in snow. Continued monitoring will
enable a more comprehensive assessment of the seasonal evolution of LWC and its relationship to changes in
snowpack structure during the snowmelt period.

Keywords: liquid water content in snow cover, rain-on-snow events, snow profile
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ABSTRAKT

Prispevok je zamerany na hodnotenie variability, cyklickosti a frekvenénych charakteristik minimalnych
prietokov v Styroch relativne neovplyvnenych horskych povodiach horného Hrona a Vahu: Vajskovsky potok
v profile Dolna Lehota, Bystrianka v profile Bystra, Stiavni¢ka v profile Myto pod Dumbierom a Boca v
profile Kralova Lehota. Analyza vychadza z dlhych pozorovanych radov za obdobie 1930/31 az 2019/20,
ktoré umoznuju posudit’ nielen medziro¢nt a dekadickt variabilitu, ale aj opakovanie suchsSich a vodnejSich
obdobi v dlh§om ¢asovom horizonte. Hlavnym cielom bolo spracovat rady 7-diiovych minimalnych prietokov
a minimalnych Specifickych odtokov tak, aby bolo mozné navrhnut’ jednotny metodicky postup pre odhad N-
rocnych hodnoét s vyuzitim jednej teoretickej distribucnej funkcie s potencidlom regionalizacie parametrov.
Osobitna pozornost’ bola venovand cyklickému kolisaniu minimélnych prietokov, ktoré sa v horskych
povodiach ukazuje ako vyznamnej$i interpretacny ramec nez jednoduché vyjadrenie monoténnych trendov.
Autokorela¢na analyza radov minimalnych prietokov poukdzala na opakovanie kolisania s periodami priblizne
3,6; 14 a 29 rokov. Podobné periodicity boli identifikované aj v ro¢nych radoch zrazok, ¢o potvrdzuje tizku
vézbu medzi atmosférickymi podmienkami a vyvojom minimalnych rocnych prietokov. Vysledky naznacuju,
ze nizke prietoky v sledovanych povodiach nemozno interpretovat’ len ako prejav jednostranného poklesu, ale
ako sucast’ vyrazne premenlivej cyklickej Struktiry, v ktorej sa striedaju suchsie a vodnejsie fazy.
Vyznamnym zistenim je vysokd vodnost a priaznivy rezim minimélnych Specifickych odtokov vo
Vajskovskom potoku. V obdobi 1931-1960 dosiahol dekadny priemer minimdalnych Specifickych odtokov
hodnotu 9,6 1.s"!.km, o poukazuje na mimoriadne priaznivé podmienky akumulacie a dotacie zakladného
odtoku. V obdobi 1961-1990 doslo k poklesu, pricom najsuchsie desatrocie bolo 1983-1992, avsak v
poslednych troch desatrociach sa minimalne Specifické odtoky opét’ mierne zvysili. Tento vyvoj podporuje
interpretaciu, Ze historicky vysoké hodnoty minimélnych odtokov v tychto horskych povodiach nemozno
povazovat’ za anomaliu, ale za relevantnu sucast’ dlhodobej hydrologickej variability, ktora treba respektovat’
povodi Boca, zatial' ¢o Bystrianka napriek vysokému priemernému ro¢nému Specifickému odtoku dosahuje
niz§ie minimalne N-roéné hodnoty ako Stiavnitka a Vajskovsky potok.

V d’alSej faze boli zostrojené rady 7-diiovych minimalnych Specifickych odtokov osobitne pre zimno-jarné a
letno-jesenné obdobie. Na ich frekvenc¢né spracovanie boli pouzité teoretické Ciary neprekrocenia typu LP3,
ktorych parametre bolo potrebné nastavovat s dorazom na Co najlepSie zosuladenie teoretick¢ho a
empirického priebehu najmid v dolnej casti kriviek. Ukazalo sa, Ze tento postup nie je mozné plne
automatizovat, pretoze vyzaduje kontrolu homogenity radov, posudenie odlahlych hodnét a citlivé
vyhodnotenie spravania udajov v oblasti vel'mi nizkych prietokov. Z hl'adiska na¢asovania sa zimné minima
najcastejSie vyskytuju okolo 20. janudra, zatial’ Co letné minima sa sustred’uju najma do obdobia od 3. do 16.
septembra. Vysledky predstavuju vyuzitelny podklad pre regionalizéciu charakteristik nizkych prietokov,
hodnotenie hydrologického sucha a vodohospodarsku prax v horskych oblastiach, najmé tam, kde je potrebné
zohl'adnit nielen riziko nizkych prietokov, ale aj prirodzene vysoky Specificky odtok a jeho cyklické kolisanie.

KPucové slova: nizke prietoky, horské povodia, Nizke Tatry, variabilita a dlhodobé trendy, 7-diové
minimalne prietoky, Log-Pearson III.
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ABSTRACT

This paper focuses on evaluating the variability, cyclicity, and frequency characteristics of minimum flows in
four relatively unimpacted mountainous catchments of the upper Hron and Véh river basins: Vajskovsky potok
(Dolna Lehota), Bystrianka (Bystra), Stiavni¢ka (Myto pod Dumbierom), and Boca (Kralova Lehota). The
analysis is based on long-term observation series for the period 1930/31-2019/20, which allow the assessment
of not only interannual and decadal variability but also the recurrence of drier and wetter periods over a longer
time horizon. The main objective was to process the series of 7-day minimum flows and minimum specific
runoffs to propose a unified methodological approach for estimating 7-year values using a single theoretical
distribution function with the potential for parameter regionalization. Special attention was paid to the cyclic
fluctuation of minimum flows, which in mountainous catchments proves to be a more significant interpretative
framework than the simple expression of monotonic trends. Autocorrelation analysis of the minimum flow
series revealed recurring fluctuations with periods of approximately 3.6, 14, and 29 years. Similar periodicities
were also identified in the annual precipitation series, confirming a close relationship between atmospheric
conditions and the evolution of minimum annual flows. The results indicate that low flows in the studied
catchments cannot be interpreted solely as a manifestation of a unilateral decline, but rather as part of a highly
variable cyclic structure in which drier and wetter phases alternate.

A significant finding is the high water yield and the favorable regime of minimum specific runoffs in the
Vajskovsky potok. In the 1931-1960 period, the decadal average of minimum specific runoffs reached 9.6 1.s~
I km™, pointing to exceptionally favorable conditions for the accumulation and recharge of baseflow. A
decline occurred in the 1961-1990 period, with 1983—1992 being the driest decade; however, in the last three
decades, the minimum specific runoffs have slightly increased again. This development supports the
interpretation that historically high values of minimum runoffs in these mountainous catchments should not
be considered an anomaly, but rather a relevant part of long-term hydrological variability that must be
respected even when estimating T-year values. Conversely, the lowest T-year minimum specific runoffs were
found in the Boca catchment, while Bystrianka, despite having a high average annual specific runoff, reaches
lower T-year minimum values than Stiavni¢ka and Vajskovsky potok.

In the next phase, series of 7-day minimum specific runoffs were constructed separately for the winter-spring
and summer-autumn periods of the hydrological year. For their frequency analysis, Log-Pearson Type III
(LP3) theoretical non-exceedance curves were used. The parameters of these curves had to be adjusted with
an emphasis on the best possible alignment of the theoretical and empirical courses, especially in the lower
part of the curves. It turned out that this procedure cannot be fully automated, as it requires checking the
homogeneity of the data series, assessing outliers, and sensitively evaluating the data behaviour in the low-
flow region. In terms of timing, winter minima most frequently occur around January 20, whereas summer
minima are mainly concentrated in the period from September 3 to 16. The results provide a useful basis for
the regionalization of low-flow characteristics, hydrological drought assessment, and water management
practice in mountainous areas, especially where it is necessary to consider not only the risk of low flows but
also the naturally high specific runoff and its cyclic fluctuations.

Keywords: low flows, mountain catchments, Low Tatras, long-term trends and variability, 7-day minimum
discharges, Log-Pearson Type 111
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ABSTRAKT

Hodnoceni piirodé blizkych opatieni v krajiné je tradi¢né zaloZeno na hodnoceni efektivnosti, respektive zda
dané opatieni naplnuje svoji funkci (zadrzeni vody v krajin€, zpomaleni povrchového odtoku, snizeni miry
eroze atd.). Soucasné se hodnoti, zda vynalozené finan¢ni prostiedky na realizaci opatfeni odpovidaji
predpokladanému ucinku opatfeni. Opatieni v§ak mohou nést fadu druhotnych efektl na krajinu, pozitivnich
1 negativnich, které lze popsat pomoci ekosystémovych sluzeb. Hodnoceni ekosystémovych sluzeb ptidava
sekundarni hodnotu kazdému opatieni, coz miize byt vyuzito v rozhodovacich procesech a pfi navrzich
opatfeni a jejich systému.

Hodnoceni ekosystémovych sluzeb je zaloZzeno na predpokladu, Ze jeden ekosystém poskytuje urcité rozpéti
sluzeb ekosystémi a pfispiva tak k vytvafeni rtiznych piinost. V nékterych pifipadech muze ekosystém
poskytovat n€kolik sluzeb soucasné (tzv. synergie), coz je napiiklad piipad lesnich ekosystémt, kde dochazi
k ukladani uhliku, filtraci vody a zaroven poskytuje moznost rekrea¢niho vyuziti. V jinych ptipadech si mohou
jednotlivé sluzby konkurovat, tzn. vzajemné se vylucovat, ¢imz dochazi k jejich sméné.

Ptispévek je vénovan stanoveni potencionalnich ekosystémovych sluzeb pro jednotlivé opatieni v krajiné na
zéklad¢ expertniho posouzeni a naslednému hodnoceni a hierarchizaci opatieni. Na zaklad¢ rozsahlé reserse
odborné literatury byly zkompletovéany ctyti skupiny ekosystémovych sluzeb (pozitivni dopad) — zdsobovaci,
regulacni, kulturni a podplirné/biotopové.— ajedna skupina tzv. ekosystémovych protisluzeb (negativni
dopad). Skupiny obsahuji celkem 38 sluzeb a 14 protisluzeb ekosystémil. Samotné hodnoceni je zalozeno na
piidéleni hodnoty pravdépodobnosti vyskytu dané sluzby/protisluzby v ramci opatfeni v krajiné ato na
stanovené ctyfbodové Skale 0 az 3. Odborné posouzeni a pfifazeni vysledné hodnoty je zcela subjektivni
a odrazi odborné znalosti a zkuSenosti dané¢ho hodnotitele. Jednotlivd hodnoceni jsou déle statisticky
zpracovana a vyhodnocena, coz zajiStuje miru objektivity vysledného hodnoceni a hierarchizaci ptirodé
blizkych opatieni. Soucasti hodnoceni je 1ivyhodnoceni vyznamnosti samotnych ekosystémovych
sluzeb/protisluzeb a jejich hierarchizace.

Kruicové slova: ekosystémové sluzby a prostisluzby, ptirodée blizka opatieni, hodnoceni
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ABSTRACT

The evaluation of nature-based measures in the landscape is traditionally based on the evaluation of
effectiveness, or rather whether the given measure fulfils its function (retaining water in the landscape, slowing
down surface runoff, reducing the rate of erosion, etc.). At the same time, it is evaluated whether the financial
resources spent on implementing the measure correspond to the expected effect of the measure. However, the
measures can have a number of secondary effects on the landscape, both positive and negative, which can be
described using ecosystem services. The evaluation of ecosystem services adds a secondary value to each
measure, which can be used in decision-making processes and when designing measures and their systems.
The evaluation of ecosystem services is based on the assumption that one ecosystem provides a certain range
of ecosystem services and thus contributes to the creation of various benefits. In some cases, an ecosystem
can provide several services simultaneously (so-called synergy), which is, for example, the case of forest
ecosystems, where carbon is stored, water is filtered and at the same time provides the possibility of
recreational use. In other cases, individual services can compete, i.e. mutually exclude each other, which leads
to their exchange.

The paper is devoted to the determination of potential ecosystem services for individual measures in the
landscape based on expert assessment and subsequent evaluation and hierarchy of measures. Based on an
extensive literature search, four groups of ecosystem services (positive impact) were completed — supply,
regulatory, cultural and supporting/biotope — and one group of so-called ecosystem disservices (negative
impact). The groups contain a total of 38 services and 14 disservices of ecosystems. The evaluation itself is
based on assigning a value to the probability of occurrence of a given service/disservice within the framework
of a measure in the landscape, on a specified four-point scale from 0 to 3. The expert assessment and
assignment of the resulting value is completely subjective and reflects the expert knowledge and experience
of the evaluator. The individual assessments are further statistically processed and evaluated, which ensures
the degree of objectivity of the resulting assessment and the hierarchy of nature-based measures. The
assessment also includes an assessment of the significance of the ecosystem services/disservices themselves
and their hierarchy.

Keywords: ecosystem services and disservices, nature-based measures, evaluation
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ABSTRAKT

Zmena klimy na Slovensku zasadne ovplyviiuje dostupnost’, kvalitu aj dlhodobu udrzatel'nost’ vodnych
zdrojov. Jej najvyraznejSie prejavy su pokles hladin podzemnych vdd, CastejSie sucha, extrémne zrazky
a povodne, ako aj zhorSovanie kvality vody. Nadrze st jednym z kl'a€ovych prvkov adaptacie na zmenu klimy
—ale ich uloha je ovel’a SirSia, nez sa bezne hovori. Nadrze st jednym z mala nastrojov, ktoré¢ dokézu reagovat’
na sucho aj povodne zaroveii. Specialne postavenie maju vodarenské nadrze, ktoré sluzia na akumulaciu tzv.
surovej vody, z ktorej sa nasledne tato voda réznymi procesmi upravi na pitni vodu. V nédrziach sa pocas
roka vytvara a meni ich teplotna stratifikacia, ktord je previazana s viacSinou ostatnych ukazovatel'ov kvality
vody, ktoré st zvlast’ dolezité pri tychto typoch nadrzi. Da sa povedat’, Ze vo vSeobecnosti teplotna stratifikacia
je kI'aCovym procesom ovplyviujicim kvalitu vody v nadrzi.

Na Slovensku je momentalne 8 vodarenskych nadrzi, z ktorych ta najmensia a zaroven najstarsia (Rozgrund,
celkovy objem nadrze cca 0,5 mil. m?) uz v su¢asnosti slizi len ako zalozna. Prispevok sa zaobera skimanim
sezonnych zmien teplotnej stratifikacie vo vodarenskych nadrziach Rozgrund a Turcek, ktoré st sice €o sa
tyka geografickej polohy relativne blizko, ale pritom kazda z nich patri do iné¢ho povodia a ich objem je radovo
rozdielny. Vodna nadrz (VN) Rozgrund spada do povodia Hrona a VN Turcek, s celkovym objemom 10,8
mil. m®, do povodia Vihu. Obidve nadrze sa nachadzaju v horskom prostredi, v nadmorskej vyske priblizne
710 m n.m.. Plocha VN Rozgrund je 5,3 ha, VN Turcek ma plochu 54 ha. Vyska hradze VN Rozgrund je 23,2
m, VN Tur¢ek ma vysku hradze 59 m. Hydroklimatické podmienky obidvoch nédrzi si vel'mi podobné.

V ramci prebiehajuceho projektu APVV sa vykonava pravidelny monitoring zakladnych ukazovatel'ov kvality
vody v tychto nadrziach, medzi ktoré patri aj teplota vody. Meranie prebieha trikrat ro¢ne - v jarnom, letnom
a jesennom obdobi (zimné obdobie sa vynechava v désledku zamfzania hladiny vody), a to vo viacerych
zvisliciach v hibkach s krokom 2 m, od hibky 20 m s krokom 5 m, az po dno. Meranie sa vykonava z ¢lna
pomocou prenosnej multiparametrickej sondy WTW Digital Multi 3630.

Vysledky merani v obdobi 2024-2025 ukazuju, Ze obidve nadrze st dimiktické, Co znamena, Ze voda v nich
sa premiesava dvakrat do roka, a to v jarnom obdobi a v jeseni (jarnd a jesenna cirkulacia), avSak s réznym
stupfiom premieSania, resp. z roznou pociatocnou dobou premieSavania najma v jarnom obdobi. V mense;j
nadrzi Rozgrund je zaciatok jarnej cirkulacie skor, resp. v tom istom Case su v tejto nadrzi rozdiely teploty
v jednotlivych hibkach vyraznejsie. Priebehy teplot v jednotlivych zvisliciach v oboch nadrziach v letnom
obdobi vykazuju podobny priebeh. V tomto obdobi je teplotna stratifikacia vody v nadrziach najvyraznejsia,
pri¢om termoklina vo VN Rozgrund bola v roku 2024 v hibke (3-8)m, vo VN Turéek (2-8)m, a v roku 2025
vo VN Rozgrund opit’ v hibke (3-8)m, vo VN Turéek (4-8)m. V letnom obdobi boli rozsahy teplt vody
v obidvoch nadrziach rovnaké (2024: 5-25° C ; 2025: 5-21° C), a to aj napriek rozdielnemu objemu vody.
Hrubka termokliny vSak bola v pripade vac¢sej nadrze vicsia.

Mensia nadrz (Rozgrund) sa vSak v jarnom obdobi zacala skor premiesavat’, a to aj vzhl'adom na rychlejsie
topenie l'adovej pokryvky na hladine. V jesennom obdobi teplota vody pri hladine v mensej nadrzi rychlejsie
klesala ako vo velkej nadrzi (Turcek). V mensej, plytSej nadrzi voda aj v hlbsich horizontoch bola teplejSia
v porovnani s vi¢Sou a hlbSou nadrzou. Teplotny gradient bol vyssi pri vacsej, hlbsej nadrzi. Prezentované
vysledky st priebezné av d’alSom kroku budi doplnené sériou novych merani a analyzované spolu
s vysledkami z VN Klenovec a VN Hrinova.

Krucové slova: vodarenska nadrz, teplotna stratifikacia, termoklina, kvalita vody, monitoring
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ABSTRACT

Climate change in Slovakia has a significant impact on the availability, quality, and long-term sustainability
of water resources. Its most pronounced effects include declining groundwater levels, more frequent droughts,
extreme precipitation and flooding, as well as deteriorating water quality. Reservoirs are one of the key
elements of climate change adaptation - but their role is much broader than is commonly recognized.
Reservoirs are one of the few tools capable of responding to both droughts and floods simultaneously. Water
supply reservoirs, which serve to accumulate water that is subsequently treated through various processes to
become drinking water, hold a special position. Throughout the year, thermal stratification develops and
changes in reservoirs; and by this way impact most other water quality indicators, which are particularly
important for these types of reservoirs. It can be said that, in general, thermal stratification is a key process
influencing water quality in a reservoir.

There are currently 8 water reservoirs (WRs) for drinking water supply in Slovakia, of which the smallest and
oldest one (the Rozgrund WR, with a total capacity of approximately 0.5 million m?) currently serves only as
a backup reservoir. This paper examines seasonal changes in thermal stratification in the Rozgrund and Turcek
WRs, which, although relatively close in geographical location, belong to different river basins and have
significantly different storage capacities. The Rozgrund WR is located in the Hron River basin and the Turcek
WR, with a total volume of 10.8 million m3, in the Vah River basin. Both WRs are situated in a mountainous
environment, at an elevation of approximately 710 m a. s. 1. The surface area of the Rozgrund WR is 5.3 ha,
while the Tur¢ek WR covers 54 ha. The dam height of the Rozgrund WR is 23.2 m, and that of the Turcek
WR is 59 m. The hydroclimatic conditions of both reservoirs are very similar.

As part of the ongoing APVV project, regular monitoring of basic water quality indicators is conducted in
these reservoirs, including water temperature. Measurements are taken three times a year—in the spring,
summer, and fall (the winter season is omitted due to the water surface freezing)—at multiple vertical profiles
at 2-meter intervals from a depth of 20 meters, and at 5-meter intervals down to the bottom. Measurements
are taken from a boat using a portable WTW Digital Multi 3630 multiparameter probe.

Measurement results from 2024-2025 show that both reservoirs are dimictic, meaning that the water in them
is mixed twice a year, in the spring and in the fall (spring and fall circulation), however, with varying degrees
of mixing, or rather with different initial mixing times, especially in the spring. In the smaller Rozgrund WR,
spring circulation begins earlier, and at the same time, temperature differences along depths are more
pronounced in this WR. Temperature profiles in individual vertical sections in both reservoirs show a similar
behaviour during the summer. During this period, temperature stratification in the WRs is most pronounced,
with the thermocline in 2024 at the depth range (3—8) m in the Rozgrund and in the Turcek at (2-8) m. In
2025, there is again at depth range (3—8) m in the Rozgrund WR, and in the Turcek one at (4-8) m. During
the summer, the water temperature ranges in both WRs were the same (2024: 5-25°C; 2025: 5-21°C), despite
the difference in water volume. However, the thickness of the thermocline was greater in the larger WR.
However, the smaller reservoir (Rozgrund) began to mix sooner in the spring, partly due to the faster melting
of the ice cover on the surface. In the fall, the surface water temperature in the smaller reservoir declined more
rapidly than in the larger reservoir (Turcek). In the smaller shallower reservoir, the water was warmer even at
deeper depths compared to the larger deeper reservoir. The temperature gradient was higher in the larger
deeper reservoir. The presented results are preliminary and will be supplemented in the next step by a series
of new measurements and analysed together with the results from the Klenovec and Hrilova WRs.

Keywords: water reservoir, temperature stratification, thermocline, water quality, monitoring
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ABSTRAKT

Problém lokalizécie neznamych zdrojov znecistenia na zaklade monitorovanych udajov je prakticky problém,
ktorého rieSenie vSak nie je jednoduché. Z praktického hl'adiska ide o rieSenie tzv. inverznej ulohy v sieti
otvorenych kanélov, t. j. v komplexnom systéme riek, kanalov a potokov v prirodnych povodiach alebo v
kanalizacnych systémoch v mestskych povodiach. S takymto typom ulohy sme sa stretli pri rieSeni projektu
H2020 (akronym: SYSTEM) a rozvijany je aj v ramci projektu VEGA ¢. 2/0140/24. Principom navrhnutého
rieSenia tejto tlohy je realizacia velkého mnoZzstva simuldcii s cielom minimalizacie rozdielu medzi
simulovanymi a nameranymi koncentraciami kontaminantov v pozorovacich bodoch. Sucastou prac je aj
experimentalne overenie teoretickych vysledkov, presnosti simulacii, ako aj navrh metodiky a vypoctového
postupu s moznou realizaciou v praxi.

Je zrejmé, Ze pri experimentalnom overeni navrhnutych postupov v sieti povrchovych vodnych tokov by sme
narazili na logistické problémy, preto sa experimentalna Cast’ realizovala na sieti kanalov s vol'nou hladinou,
reprezentovanou systémom potrubi s vol'nou hladinou v stokovej sieti.

Pri aplikécii navrhovaného principu rieSenia inverznej Ulohy sa narazilo na viacero zavaznych problémov.
Jednym z nich bol vyskyt anomalii v procese hydrodynamickej disperzie pri nizkych prietokoch v realnych
stokovych siet’ach s vyskytom nanosov a sedimentov, ktoré sme zistili pri realizacii terénnych experimentov
na stokovej sieti a ktoré nekoreSpondovali s doteraz pouzivanym teoretickym modelom tohto javu.

V ramci prace na projekte H2020 sme preto vyuZzili moznosti partnera projektu, ktory poskytol svoju
infrastruktiru - hydraulické laboratorium, pri¢om na realizaciu vyskumnych prac sme vyuzili vlastni meraciu
a pristrojovu techniku.

Vysledky laboratorneho vyskumu umoznili poznanie a kvantifikaciu opisanej anomadlie v procese
hydrodynamickej disperzie. Vysledky vyskumu ukézali, Ze v hydraulickych podmienkach prudenia s vol'nou
hladinou s vyskytom sedimentov a nanosov v koryte klesa hodnota koeficientu pozdiznej disperzie Dx takmer
linedrne s poklesom prietoku (aj s Reynoldsovym ¢islom) az po urcitu hranicu (inflexny bod), ktory je
individualny pre kazdd konkrétnu hrubku sedimentu. Pod touto hranicou zacina hodnota disperzného
koeficientu opdt’ stipat’ spolu so zvySujicou sa asymetriou rozloZenia koncentracie v Case, spdsobenou
mitvymi zonami.

Terénna validacia laboratérnych vysledkov na redlnej stokovej sieti spolu s vyvinutymi analytickymi
rieSeniami vyznamne prispeli ku zdokonaleniu existujiceho a pouzivaného matematického modelu
simulujuceho transport znecistenia pri pradeni s vol'nou hladinou.

Na zéklade tohto modelu sme nésledne vyvinuli SW program, umoznujuci identifikaciu zdroja znecistenia,
teda jeho priestorovi lokalizaciu aurcenie Casového priebehu vnosu znecistenia. Jednou z hlavnych
poziadaviek na SW bola jeho operativnost’, t. j. dodanie vysledkov v realnom case, aby sa zabezpecila
operativnost’ nadvézujacich akeii pri detekcii znecistenia (napr. odber vzoriek v blizkosti zdroja znecistenia,
zabranenie d’alSieho Sirenia sa znecistenia a pod.).

Kalibracia, validacia, ako aj naslednd analyza citlivosti tohto SW nastroja potvrdila jeho pouzitelnost’, ako aj
jeho silné a slabé stranky.

Kruacové slova: znecistenie, zdroje znecistenia, lokalizacia, siet’ kandlov, inverznd iloha
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ABSTRACT

The problem of locating unknown sources of pollution based on monitoring data is a practical challenge, but
one that is not easy to solve. From a practical standpoint, this involves solving the so-called inverse problem
in a network of open channels, i.e., in a complex system of rivers, canals, and streams in natural watersheds
or in sewer systems in urban watersheds. We encountered this type of problem while working on the H2020
project (acronym: SYSTEM), and it is also being developed within the VEGA project No. 2/0140/24. The
principle of the proposed solution to this task is to perform a large number of simulations with the aim of
minimizing the difference between simulated and measured contaminant concentrations at observation points.
The work also includes experimental verification of theoretical results and simulation accuracy, as well as the
design of a methodology and computational procedure with potential practical implementation.

It is clear that conducting experimental validation of the proposed methods in a network of surface
watercourses would present logistical challenges; therefore, the experimental part was carried out on a network
of open-channel systems, represented by a system of open-channel pipes in the sewer network.

Several serious problems were encountered when applying the proposed principle of the inverse task solution.
One of them was the occurrence of anomalies in the hydrodynamic dispersion process at low flow rates in real
sewer networks with the presence of deposits and sediments, which we identified during field experiments on
the sewer network and which did not correspond to the theoretical model of this phenomenon used to date.
As part of our work on the project, we therefore took advantage of the resources provided by our project
partner, who made its infrastructure—a hydraulic laboratory—available to us, while we used our own
measuring and testing equipment to carry out the research.

The results of laboratory research have made it possible to understand and quantify the described anomaly in
the process of hydrodynamic dispersion. The research results showed that under hydraulic conditions of free-
surface flow with the presence of sediments and deposits in the channel, the value of the longitudinal
dispersion coefficient Dx decreases almost linearly with a decrease of flow rate (as well as with the Reynolds
number) up to a certain limit (inflection point), which is specific to each particular sediment thickness. Below
this limit, the value of the dispersion coefficient begins to rise again along with the increasing asymmetry of
the concentration distribution over time, caused by dead zones.

Field validation of laboratory results on an actual sewer network, together with the analytical solutions
developed, has significantly contributed to the refinement of the existing mathematical model used to simulate
pollutant transport in free-surface flow conditions.

Based on this model, we subsequently developed a software program that enables the identification of the
source of pollution, i.e., its spatial localization and the determination of the temporal progression of pollution
input. One of the main requirements for the software was its responsiveness, i.¢., the delivery of results in real
time, to ensure the timely implementation of follow-up actions upon pollution detection (e.g., sampling near
the pollution source, preventing further spread of pollution, etc.).

The calibration, validation, and subsequent sensitivity analysis of this software tool confirmed its usability as
well as its strengths and weaknesses.

Keywords: pollution, sources of pollution, localization, channel network, inverse problem
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