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Nazov projektu Evidenc¢né cislo projektu APVV-15-0497

Citlivost’ tvorby povodinového odtoku na intenzivne zrazky a vyuzivanie izemia vo
vrcholovych povodiach

Zodpovedny rieSitel  prof. Ing. Jan Szolgay, PhD.
Prijemca Slovenska technicka univerzita v Bratislave

Nazov pracoviska, na ktorom bol projekt rieSeny

Slovenska technicka univerzita v Bratislave, Stavebna fakulta, Katedra vodného
hospodarstva krajiny

Ustav hydrolégie SAV, Vyskumna zékladiia pre horski hydrolégiu

Technicka univerzita vo Zvolene, Lesnicka fakulta, Katedra prirodného prostredia

Nazov a stat zahrani¢éného pracoviska, ktoré spolupracovalo pri rieSeni

TU Institute of Hydraulic Engineering and Water Resources Management, Wien, Austria
ETH Institute of Environmental Engineering, Zurich, Switzerland

University of Sopron Faculty of Forestry, Sopron, Hungary

Mendel University in Brno, Faculty of AgriSciences, Brno, Czech Republic

Brno University of Technology, Faculty of Civil Engineering, Brno, Czech Republic
Czech hydrometeorological Institute, Praque, Czech Republic

Udelené patenty/podané patentové prihlasky, vynalezy alebo uzitkové vzory, ktoré su
vysledkami projektu

Najvyznamnejsie publikacie (knihy, €lanky, prednasky, spravy a pod.) zhriiujuce
vysledky projektu — uved’te aj publikacie prijaté do tlace

Vedecké monografie vydané v zahrani¢nych vydavatelstvach

AAA Novak, Viliam, - Hlavacikova, Hana. Applied Soil Hydrology, In Springer book series:
ISSN 0924-6118, 2018, e-Book, https://doi.org/10.1007/978-3-030-01806-1.

AAA SZOLGAY, Jan — HLAVCOVA, K. — KOHNOVA, S. Flood generation processes and
interactions of flooding, soils and landuse. A review of methods and problems. Monograph
No.13 of NC IHP UNESCO. In KEY Publishing, Ostrava, 2018, 93 s. ISBN 978-80-7418-
304-1.

Vysokoskolské ucebnice vydané v domacich vydavatelstvach

ACB SKVARENINA, Jaroslav - VIDO, Jaroslav - MINDAS, Jozef - STRELCOVA, Katarina -
SKVARENINOVA, Jana - FLEISCHER, Peter - BOSEL'A, Michal. Globalne zmeny klimy a
lesné ekosystémy. Technicka univerzita vo Zvolene, 1. vydanie, 2018, 210 s. ISBN 978-80-
228-3049-2.

Publikacie v karentovanych ¢asopisoch v SR

ADD BARTIK, M. - HOLKO, L. - JANCO, M. - SKVARENINA, J. - DANKO, M. - KOSTKA, Z.
Influence of mountain spruce forest dieback on snow accumulation and melt. Journal of
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Hydrology and Hydromechanics, 2019, 67(1), 59-69.

ADD BARTIK, M. - JANCO, M. -STRELCOVA, K. - SKVARENINOVA, J. - SKVARENINA, J.
- MIKLOS, M. - VIDO, J. - DAGSSON WALDHAUSEROVA, P. Rainfall interception in a
disturbed montane spruce (Picea abies) stand in the West Tatra Mountains. Biologia, 2016,
71(9), 1002-1008.

ADD HLAVACIKOVA, H. - HOLKO, L. - DANKO, M. - NOVAK, V. Estimation of macropore
flow characteristics in stony soils of a small mountain catchment. Journal of Hydrology, vol.
574, 1176-1187. 2019. ISSN 0022-1694.

ADD HLAVCOVA, K. - KOHNOVA, S. - BORGA, M. — HORVAT, O. — STASTNY, P. -
PEKAROVA, P. - MAJERCAKOVA, O. —- DANACOVA, Z. Post-event analysis and flash
flood hydrology in Slovakia. Vol. 64, No. 4 (2016), s. 304-315. ISSN 0042-790X.

ADD HLAVCOVA, K. — KOHNOVA, S. - VELISKOVA, Y. — STUDVOVA, Z. - SOCUVKA, V.
— IVAN, P. Comparison of two concepts for assesssment of sediment transport in small
agricultural catchments. In: J. Hydrol. Hydromech.,Vol. 66, No. 4 (2018), pp. 404 - 415. DOI:
10.2478/johh-2018-0032.

ADD HOLKO, L. - DANKO, M. - SLEZIAK, P. Analysis of changes in hydrological cycle of a
pristine mountain catchment. 2. Isotopic data, trend and attribution analyses. In Journal of
Hydrology and Hydromechanics 68 (2), 2020, pp. 192—-199. DOI: 10.2478/johh-2020-0011.
ADD HOLKO, L. - SLEZIAK, P. - DANKO, M. - BICAROVA, S. - POCIASK-KARTECZKA, J.
Analysis of changes in hydrological cycle of a pristine mountain catchment. 1. Water
balance components and snow cover. In Journal of Hydrology and Hydromechanics 68 (2),
2020, pp. 180-191. DOI: 10.2478/johh-2020-0010.

ADD JENEIOVA, K. - KOHNOVA, S. - HALL, J. - PARAJKA, J. Variability of seasonal floods
in the Upper Danube River basin. In: Journal of Hydrology and Hydromechanics. Vol. 64,
No. 4 (2016), s. 357-366. ISSN 0042-790X.

ADD KOHNOVA, S. - RUTKOWSKA, A. - BANASIK, K. - HLAVCOVA, K. The L-moment
based regional approach to curve numbers for Slovak and Polish Carpathian catchments. In
Journal of Hydrology and Hydromechanics , Vol. 68, no. 2 (2020), s. 170-179. ISSN 0042-
790X; DOI: 10.2478/johh-2020-0004.

ADD KORISTEKOVA, K. - VIDO, J. - VIDA, T. - VYSKOT, I. - MIKLOS, M. - MINDAS, J. -
SKVARENINA, J. Evaluating the amount of potential greenhouse gas emissions from forest
fires in the area of the Slovak Paradise National Park. Biologia 75, 2020, 885-898.
https://doi.org/10.2478/s11756-020-00461-7

ADD MIKLOS, M. - IGAZ, D. - SINKA, K. - SKVARENINOVA, J. - JANCO, M. - VYSKOT, I. -
SKVARENINA, J. Ski piste snow ablation versus potential infiltration (Veporic Unit, Western
Carpathians). Journal of Hydrology and Hydromechanics, 68(1), 2020, 28-37.

ADD MUJTABA, B. - HLAVACIKOVA, H. - DANKO, M. - LIMA, J. L.M.P. de - HOLKO, L.
The role of stony soils in hillslope and catchment runoff formation. In Journal of Hydrology
and Hydromechanics 68 (2), 2020, pp. 144—-154. DOI: 10.2478/johh-2020-0012.

ADD SLEZIAK, P. - SZOLGAY, J. - HLAVCOVA, K. - DUETHMANN, D. - PARAJKA, J. -
DANKO, M. Factors controlling alterations in the performance of a runoff model in changing
climate conditions. Journal of Hydrology and Hydromechanics, 2018, 66(4), 381-392.

ADD SZOLGAY, J. - GAAL, L. - BACIGAL, T. - KOHNOVA, S. - HLAVCOVA, K. - VYLETA,
R. - PARAJKA, J. - BLOSCHL, G. A regional comparative analysis of empirical and
theoretical flood peak-volume relationships. In: Journal of Hydrology and Hydromechanics.
Vol. 64, No. 4 (2016), s. 367-381. ISSN 0042-790X.

ADD SATALA, T. - TESAR, M. - HANZELOVA, M. - BARTIK, M. - SIPEK, V. -
SKVARENINA, J., ..., WALDHAUSEROVA, P. D. Influence of beech and spruce sub-
montane forests on snow cover in Polana Biosphere Reserve. Biologia, 2017, roc€. 72, €. 8,
s. 854-861.

ADD SUSTEK, Z. - VIDO, J. - SKVARENINOVA, J. - SKVARENINA, J. - SURDA, P.
Drought impact on ground beetle assemblages (Coleoptera, Carabidae) in Norway spruce
forests with different management after windstorm damage—a case study from Tatra
Mts.(Slovakia). Journal of Hydrology and Hydromechanics, 2017, ro&. 65, €. 4, s. 333-342.
Publikacie v zahrani¢nych karentovanych ¢asopisoch

ADC HLAVCOVA, K. - DANACOVA, M. - KOHNOVA, S. - SZOLGAY, J. - VALENT, P. -
VYLETA, R. Estimating the effectiveness of crop management on reducing flood risk and
sediment transport on hilly agricultural land — A Myjava case study, Slovakia. In Catena. Vol.
172, (2019), s. 678-690. ISSN 0341-8162. DOI: 10.1016/j.catena.2018.09.027.

Formular ZK, strana 2/5



ADC HONEK, D. - SULC MICHALKOVA, M. - SMETANOVA, A. - SOCUVKA, V. -
VELISKOVA, Y. - KARASEK, P. - KONECNA, J. - NEMETOVA, Z. - DANACOVA, M.
Estimating sedimentation rates in small reservoirs - Suitable approaches for local
municipalities in central Europe. In Journal of Environmental Management. No. 261 (2020),
[13] s., art. no. 109958. ISSN 0301-4797. DOI: 10.1016/j.jenvman.2019.109958.

ADC LUKASOVA, V. - BUCHA, T. - SKVARENINOVA, J. - SKVARENINA, J. Validation and
application of European beech phenological metrics derived from MODIS data along an
altitudinal gradient. In Forests [elektronicky zdroj]. - ISSN 1999-4907. - Vol. 10, issue 1
(2019), art. no. 60 [21 p.] [online]

ADC MEZEI, P. - JAKUS, R. - PENNERSTORFER, J. - HAVASOVA, M. - SKVARENINA, J.
- FERENCIK, J., ..., NETHERER, S. Storms, temperature maxima and the Eurasian spruce
bark beetle Ips typographus—An infernal trio in Norway spruce forests of the Central
European High Tatra Mountains. Agricultural and Forest Meteorology, 2017, roC. 242, s. 85-
95.

ADC MIKLOS, M. - JANCO, M. - KORISTEKOVA, K. - SKVARENINOVA, J. -
SKVARENINA, J. The suitability of snow and meteorological conditions of South-Central
Slovakia for ski slope operation at low elevation - a case study of the KoSutka Ski Centre. In
Water, Vol.10 (2018), Ar No. 907, ISSN 2073-4441. 19 p.

ADC NEMETOVA, Z. - HONEK, D. - KOHNOVA, S. - HLAVCOVA, K. - SULC
MICHALKOVA, M. - SOCUVKA, V. - VELISKOVA, Y. Validation of the EROSION-3D Model
through Measured Bathymetric Sediments. In Water [elektronicky zdroj]. Vol. 12, iss. 4
(2020), online, [15] s., art. no. 1082. ISSN 2073-4441; DOI: 10.3390/w12041082.

ADC ROGGER, M. —= AGNOLETTI, M. — ALAOUI, A. - BATHURST, J.C. - BODNER, G. —
BORGA, M. — CHAPLOT, V. - GALLART, F. - GLATZEL, G. - HALL, J. - HOLDEN, J. -
HOLKO, L. - HORN, R. - KISS, A. — KOHNOVA, S. — Leitinger, G. —- LENNARTZ, B. —
PARAJKA, J. — PERDIGAOQ, R. — PETH, S. - PLAVCOVA, L. — QUINTON, J.N. —
ROBINSON, M. — SALINAS, J.L. — SANTORO, A. — SZOLGAY, J. - TRON, S. - van den
AKKER, J.J.H. — VIGLIONE, A. - BLOSCHL, G. Land use change impacts on floods at the
catchment scale: Challenges and opportunities for future research. In Water Resources
Research. Vol. 53, no. 7 (2017), s. 5209-5219. ISSN 0043-1397. DOI:
10.1002/2017WR020723.

ADC RUTKOWSKA, A. -KOHNOVA, S. — KAZIMIERZ, B. Probabilistic properties of the date
of maximum river flow, an approach based on circular statistics in lowlands, highland and
mountainous catchment. In Acta Geophysica. Vol. 66, no. 4 (2018), 755-768, DOI:
10.1007/s11600-018-0139-9.

ADC SCHWILCH, G. — LEMANN, T. -BERGLUND, O. -CAMAROTTO, C. -CERDA, A. -
DALIAKOPOULUS, I. N. - KOHNOVA, S. - KRZEMINSKA, D. - MARANON, T. - RIETRA, R.
-SIEBIELEC, GRZEGORZ -THORSSON, J. - TIBBETT, M. - VALENTA, S. - DELDEN, H.
van - AKKER, J.van D.- VERZANDVOORT, S. - VRINCEANU, N. O. - ZOUMIDES, Ch. -
HESSEL, R. Assessing Impacts of Soil Management Measures on Ecosystem Services. In:
Sustainability. Vol. 10, No. 12 (2018), 4416, 26 p., DOI: 10.3390/su10124416.

ADC SLEZIAK, P. - HOLKO, L. - Danko, M. - PARAJKA, J. Uncertainty in the Number of
Calibration Repetitions of a Hydrologic Model in Varying Climatic Conditions. Water, 12(9),
2020, 2362.

ADC SLEZIAK, P. - SZOLGAY, J. - HLAVCOVA, K. - DANKO, M. - PARAJKA, J. The effect
of the snow weighting on the temporal stability of hydrologic model efficiency and
parameters. In Journal of Hydrology. No. 583 (2020), [14] s., art. no 124639. ISSN 0022-
1694; DOI: 10.1016/j.jhydrol.2020.124639.

ADC SKVARENINOVA, J. - TUHARSKA, M. - SKVARENINA, J. - BABALOVA, D. -
SLOBODNIKOVA, L. - SLOBODNIK, B. - STREDOVA, H. - MINDAS, J. Effects of light
pollution on tree phenology in the urban environment. Moravian Geographical Reports,
2017, ro€. 25, €. 4, s. 50-58.

ADC VIDO, J. - NALEVANKOVA, P. - VALACH, J. - SUSTEK, Z. - TADESSE, T., Drought
analyses of the Horné Pozitavie region (Slovakia) in the period 1966—-2013, In Advances in
Meteorology. ISSN 1687-9309. - Vol. 2019 (2019)

ADC VILCEK, J. - SKVARENINA, J. - VIDO, J. - NALEVANKOVA, P. - KANDRIK, R. -
SKVARENINOVA, J.: Minimal change of thermal continentality in Slovakia within the period
1961-2013. Earth System Dynamics, 2016, 7(3), 735-744.

ADC ZELENAKOVA, M. - VIDO, J. - PORTELA, M. M. - PURCZ, P. - BLISTAN, P. -
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HLAVATA, H. - HLUSTIK, P. Precipitation Trends over Slovakia in the Period 1981-2013.
Water, 2017, ro¢. 9, €. 12, 922.

Uplatnenie vysledkov projektu

Na rozdiel od tradiénych empirickych rieSeni, sa v projekte ziskali vedomosti v procesne
orientovanom hydrologickom modelovani, ktoré lepSie umozfiuju posudit podmienky vzniku
extrémneho odtoku a erdzie a nasledne aj efektivnost tzv. nestrukturnych protipovodriovych
a protieréznych opatreni spojenych so spdsobom vyuZitia Uzemia, manazmentu
polnohospodarskej a lesnej krajiny so zohfadnenim parametrov tvorby odtoku na svahoch a
povodiach v regiénoch SR. Vyvinuta metodika obsahuje subor postupov, ktory sa da tvorivo
prispésobovat kazdej lokalnej aplikacii v praxi manazmentu rizik. To umozfiuje odbornejSie
ohodnotenie efektivnosti prirode blizkych metdd protieréznej a povodniovej ochrany a
ochrany pédy, zalozenych na spbsobe vyuzitia a manazmente povodi na znizenie
povodnového odtoku zo svahov a povodi. Navrhnuta cesta uvoltiuje pragmaticky vyuzit a
kombinovat' novSie modelovacie nastroje na kvantitativhe posudenie efektivnosti spésobu
vyuzitia a manazmentu Uzemia pre znizenie povodnoveho odtoku a erézno-transportnych
procesov. Sustava vedeckych poznatkov a metodickych postupov, ktoré boli ziskané pocas
riedenia projektu, bola uspesnym spdsobom transformovana do podoby dvoch vedeckych
monografii vydanych v zahraniénych vydavatelstvach a vysokoSkolskej u¢ebnice uréenej
pre posluchacov ekologickych a pédohospodarskych studijnych programov. Pre potreby
vyskumu, v ramci vzdelavania a vyuCby sa mézu vyuzit' aj daldie ¢lanky a publikacie, ktoré
vznikli pocas rieSenia projektu (roky 2016 — 2020). Celkovo bolo v ramci projektu
publikovanych:

- 44 ¢lankov v medzinarodnych karentovanych ¢asopisoch alebo vo WoS alebo v SCOPUS,
- 1 celostatna vysokoskolska ucebnica,

- 2 vedecké monografie vydané v zahranici,

- 28 vedeckych prac v recenzovanych vedeckych ¢asopisoch v SR alebo v zahranici,

- 63 ¢lankov, postrov a abstraktov v zbornikoch z medzinarodnych alebo domacich
konferencii,

- 1 softvérovy produkt,

- na publikacie, ktoré vznikli rieSenim projektu je doposial vySe 200 citacnych ohlasov v SCI.
Niektoré metodické postupy a vedecké poznatky ziskané pocas rieSenia projektu boli
aplikované aj priamo do praxe pri navrhu protipovodnovej ochrany a prevencie pred eréziou
pddy prirodne vyznamnych Uzemi: Pripadova Studia obce Vrbovce v ramci projektu Interreg
SK-CZ 2014-2020.

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v slovenskom jazyku
(max. 20 riadkov)
Extrémne bleskové a bahenné povodne, ktoré sa vyskytli v poslednom obdobi v Eur6pe aj u
nas, vyvolali potrebu zdokonalenia hydrologickych metdd vyuzivanych pri hodnoteni
ucinnosti prirode blizkych protipovodniovych opatreni a navrhov na ochranu pddy pred
erdziou. Zakladnym predpokladom uspeSného manazmentu rizik tychto extrémnych javov v
malych, pofnohospodarsky a lesnicky vyuzivanych povodiach je aj vyrieSenie otazky, akou
mierou sa na ich vzniku a extrémnosti podielaju spésoby vyuzitia a manazmentu Uzemia a
vplyv globalnych zmien. Cielom vyskumu bolo preto na podkladoch z experimentalneho
vyskumu, budovat a validovat modelovaci aparat vhodny pre dany ucel v nasich
podmienkach. V modelovacej koncepcii sme sa snazili zaroven zohladnit’ moznost
prenositelnosti vysledkov do réznych ¢asovych mierok (hodinovy a denny krok) a
priestorovych mierok (mierka vyskumnej plochy a mierka povodia) v Specifickych
podmienkach malych povodi SR. Projekt bol zamerany na experimentalny vyskum a
matematické modelovanie posudenia citlivosti malych polnohospodarsky vyuzivanych a
zalesnenych vrcholovych povodi Slovenska na vznik extrémneho povodriového odtoku a
vodnej erozie pri réznom vyuzivani a obhospodarovani polnohospodarskej a lesnej krajiny.
Popri studiu extrémnosti inicializacnych hydrometeorologickych javov a ich Skalovatelnosti
sa v ramci rieSenia vyvinuli procesne orientované postupy na modelovanie vzniku
extrémneho povodnového odtoku a vodnej erézie pddy na svahoch v zavislosti na vyuzivani
krajiny, ktoré vychadzali z osvedCenych koncepcii. Pre parametrizaciu tychto modelov v
podmienkach malych vrcholovych povodi v SR boli vykonané originalne experimentalne
merania tvorby povrchového odtoku na svahoch, infiltraCnych procesov v pédach a
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interceptnej kapacity porastov na polnohospodarskej péde a v lesnych porastoch.
Vystupom projektu je navrh novych vedecky podlozenych metéd a opatreni na znizenie
extrémnosti povodfiového odtoku a eréznych procesov v malych povodiach na Slovensku a
modelové posudenie ich efektivnosti pre protipovodriovu a protier6znu ochranu v
podmienkach nasich povodi.

Suhrn vysledkov rieSenia projektu a naplnenia ciel'ov projektu v anglickom jazyku
(max. 20 riadkov)

The recent extreme flash and muddy floods in Europe and Slovakia have raised the need to
improve hydrological methods for evaluating the efficiency of the natural flood and erosion
protection measures, especially in small agricultural and forested headwater catchments.
One of the major prerequisites for the successful risk management of these extreme events
is the scientific quantification of the impacts of land use and management practices, which
have undergone changes over recent decades in the region, on the occurrence, genesis
and severity of these extreme events. The project focused on assessing the sensitivity of the
headwater catchments in Slovakia to the generation of extreme flood runoff and water
erosion under various land use and management practices in agricultural and forest
landscapes. Besides the study of the extremity and scaling properties of
hydrometeorological controls, process-oriented procedures for the modelling of extreme
runoff and erosion on hillslopes conditioned on the landuse were developed based on the
latest concepts reported in the literature and results from at-site experiments. For the model
parametrisation in small Slovak headwater catchments, process-oriented experimental
research of overland flow generation, infiltration processes, and the canopy interception on
agricultural and forested hillslopes was conducted. Outcomes of the project include
scientifically-based methods and measures for reducing extremity of flood runoff and the
adverse effects of soil erosion processes in small catchments in Slovakia and quantitative
methods for assessing the efficiency of natural flood protection measures in flood protection
and erosion control in these.
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