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MODELY ANTROPOGENNYCH FORIEM RELIEFU S VYUZITIM
METODY STRUCTURE FROM MOTION

Mati§ Maxin, Stefan Koco
Abstract

Digital terrain modeling has become vital for the accurate mapping and
structural characterization of anthropogenic landforms, surpassing the
observational limits of traditional geomorphological mapping. The article is
devoted to obtaining a 3D relief model of selected anthropogenic relief forms
(sludge pond, quarry) using the photogrammetric method Structure from Motion.
We present a method of using such a method as well as a comparison with other
options for obtaining 3D models — their advantages and disadvantages. Structure
from Motion in conjunction with the use of modern drones is a powerful tool for
obtaining not only an accurate relief model but also a detailed orthorectified
image. The resulting digital elevation model in tiff format is also widely usable in
the entire range of GIS software that geographers have at their disposal today. The
results of our work demonstrate not only that the used photogrammetric method is
capable of achieving comparable accuracy to LIDAR data, but also that, thanks to
its high resolution (in our case 4 cm), it has added value in the form of identifying
those landforms that LIDAR smoothes at a higher resolution.

Keywords: geomorphology, structure from motion, UAV, quarry, man made
landforms

Uvod

Uloha a miesto modelov relié¢fu pri praci geografa je zaleZitost dnes uz
nespochybnitel'na. Uz od prichodu prvych Geografickych Informac¢nych Systémov
(GIS) sa modelovanie reliéfu rozvijalo a dnes je neodmyslitelnou stéastou
mnohych §tadii a projektov. Medzi autorov, ktori sa zaoberali otdzkou vyuzitia 3D
modelov v geografii patria Jenco et al. (2020), Meyer (2017), Briha (2017),
Kanuk, Gallay, Hofierka (2015), Hofierka a Kanuk (2010). Hlavne v poslednej
dekade sa z pomerne nakladnej metédy vyzadujucej pristup k dialkovo ovladanym
vrtulnikom ¢i leteckému snimkovaniu z relativne malej vysky pridalo vyuzitie
dronov s roznou Groviiou autondémie letu. Pri $tidiu antropogénneho reliéfu je pre
ziskanie podrobnych a presnych modelov k dispozicii mnoho spdsobov ziskania
potrebnych udajov. Jednou vel'mi dostupnou moznostou je vyuzitie metody
Structure from Motion (Ullman, 1979; Hartley a Zisserman, 2011), ktora
predstavuje nizkonakladovu, vysoko efektivihu metddu 3D rekonstrukcie povrchu.
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Zakladom metody je identifikacia identickych bodov na viacerych prekryvajicich
sa snimkach. Metoda Structure from Motion (SfM) transformovala vyskum relié¢fu
tym, Ze spristupnila tvorbu digitalnych modelov s vysokym rozlisenim (HRDM) za
zlomok ceny laserového skenovania (Fonstad et al., 2013). V sG¢asnosti tak pri
tvorbe digitdlneho modelu reliéfu staci vyskumnikom dron s fotoaparatom
a zaznamom svojej polohy (napr. GPS) v sudinnosti s presne zameranymi bodmi
na zemi (GCP) RTK GNSS zariadenim. Naslednym spracovanim tychto dat
Vv $pecializovanom softvéri ma uzivatel' k dispozicii vel'mi presny datovy model,
ktory ma navySe ako vedlajsi produkt aj kvalitni ortorektifikovani snimku
skimaného reliéfu. Metdda sa ukazala ako vysoko efektivna pri monitorovani
geomorfologickych procesov a foriem (Lucieer et al., 2014; Smith et al., 2016;
Llena et al., 2018; Omidiji et al., 2023). Nas vyskum prebiehal v regione stredného
Spisa, ktory predstavuje jednu z najvyraznejSie transformovanych krajin na
Slovensku. Vysoka koncentracia antropogénnych foriem reli¢fu je tu vysledkom
kontinualneho osidlenia a intenzivnej hospodarskej ¢innosti, ktord vrcholila v
obdobi industrialneho rozmachu banictva a hutnictva. Mnohé z obci tu preto maju
dlhoro¢ntl historiu tazby a spracovania roznych rad, ktoré zakonite po sebe
zanechali v krajine mnoho environmentalnych zatazi. Cielom prispevku je
predstavenie aplikovatelnosti a presnosti fotogrametrickej metédy SfM pri
mapovani morfologicky C¢lenitych antropogénnych foriem (haldy, odkaliska,
agrarne terasy). Prispevok hodnoti efektivitu SfM pri tvorbe digitalnych modelov
reliéfu v $pecifickych podmienkach stredné¢ho Spisa.

Metodika prace
Skumané vizemie

Terénny zber tidajov sme uskutoénili v regione stredného SpiSa na priklade
starych banskych zatazi v podobe odkalisk a aktivneho kamenolomu. Jednotlivé
lokality mali svoje odliSnosti a vyZadovali S$pecificky pristup. Pouziti metodu
predstavujeme na priklade modelu odkaliska MarkuSovce a kamenolomu Olcnava.
Odkalisko Markusovce bolo budované v rokoch 1963 az 2004 a sluzilo primarne
na uskladnenie flotaénych kalov po spracovani rudy v spracovatel'skom zavode
Zelba v Rudianoch. Dnes je nevyuzivané na svoj povodny uéel a niektoré jeho
Casti sluzia ako Cierna skladka komunalneho odpadu. Kamenolom v Olcnave je
aktivnou antropogénnou formou relié¢fu vyuzivanou od roku 1965 na tazbu
Dolomitického vapenca. Zakladnou dobyvacou metdédou je rozpojovanie horniny
pomocou trhacich prac. Rubanina je po odstrele skladovana a prepravena
do drviacej a triediacej linky v areali lomu (Maxin, 2019).
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Structure from Motion

Metdda SfM je fotogrametrickou metédou, zaloZzenou na ziskani 3D modelu
za pomoci prekryvajucich sa 2D fotografii z rdznej perspektivy, priCom pouziva
Standardny fotoaparat a polohu z GNSS. Vyuzitie tejto metody v geografickych
vedach opisuju napriklad Eltner a Sofia (2020), Carrivick et al. (2016), alebo
Eltner a Schneider (2016).

Pri zostavovani modelov sme pouzili dron s fotoaparatom a zaznamom
svojej polohy. Pre spresnenie ziskanych dat sme vyuzili aj zameranie tzv. GCP
(ground control points — pozemnych kontrolnych bodov) pomocou RTK GNSS
pristroja. Na zameriavanie sme pouzili viacucelovy GNSS prijima¢ HIPER HR
od Topconu spolu s terénnym pocitacom Topcon FC-5000. Vyhodou tohto pristroja
je jeho kvalitné spracovanie aodolnost voéi praSnosti ivode pri pouziti
v naro¢nych podmienkach. V neposlednom rade je to presnost’ zameriavania, kedy
je odchylka horizontdlna maximalne 5 mm avertikdlne 10 mm. Pri pouziti
technologie Tilt compensated RTK dokonca horizontalna iba 1,3 mm a vertikalna
odchylka 1,8 mm. Pri uréovani polohy sme mali k dispozicii satelity sieti GPS,
GLONASS, Galileo a BeiDou. Dronompouzitym pri snimkovani bola
quadrokoptéra DJI Phantom 4 PRO s ultra HD kamerou a trojosym stabilizovanym
zavesom, pozicnym systémom a antikoliznymi senzormi. Kamera je schopna sa
natacat’ a zhotovovat’ sekvencné snimky. Dron, DJI Phantom 4 Pro, je vybaveny
systémom FlightAutonomy s obrazovymi ainfracervenymi snimaémi dokaze
vnimat' okolie v piatich smeroch avyhnut sa prekdzkam v §tyroch smeroch.
Vysledkom terénneho zberu dat bola databaza snimok vhodnych na pouzitie
metody SfM.

Snimky boli nasledne spracované v softvéri Agisoft Metashape (Agisoft
2017), pricom sme vyuzili najvykonnejsi pocita¢, ktory bol kdispozicii a to
pracovnu stanicu v laboratoriu dial’kového prieskumu Zeme. Pocita¢ disponoval
procesorom AMD Ryzen 9 3950X so 16-jadrovym procesorom s vykonom 3,98
GHz, RAM s kapacitou 128 GB, graficki kartu Radeon RX Vega a operaény
systém s 64 bitovou architekturou. Vykon tejto stanice bol skutoéne potrebny aj
vzhladom na ¢as jednotlivych procesov pri zostaveni modelu reliéfu. Vsetky
dalsie operacie uz sexportovanymi modelmi a ortofotosnimkami prebiehali
v prostredni QGIS.

Analyza presnosti a detekcie geomorfologickych zmien
Pouzitie metody SfM predstavuje pomerne jednoduchy a aj cenovo dostupny
spdsob tvorby digitalneho modelu relié¢fu (DMR). Pre overenie presnosti sme

vysledné DMR z oboch uzemi podrobili analyze presnosti s porovnanim presnosti
s produktom z prvého cyklu leteckého laserového skenovania uzemia SR (UGKK
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SR, 2023). Cielom bolo posudit’ presnost’ fotogrametrickej metédy SfM voci
Statnemu Standardu a kvantifikovat’ objemové zmeny v mieste t'azby materidlu.

Pre obe tizemia boli pouzité dve ¢asovo a technologicky odlisné epochy:

e Referencna: DMRyes z leteckého laserového skenovania (LLS SR -
LiDAR) s rozlisenim 1 m, poskytnuty Uradom geodézie, kartografie a
katastra SR.

e Porovnavana: DMRsm generovany metédou SfM s ultravysokym
rozliSenim 4 cm, ziskany z vlastného bezpilotného naletu.

Vzhladom na vyrazny nepomer rozliSeni (1:50) bola nevyhnutna
harmonizécia dat s cielom zabezpecit' sémanticki konzistenciu porovnavanych
buniek. Proces prebehol v prostredi Python s vyuzitim kniznic rioxarray a rasterio
(Gillies, 2013; Hoyer a Hamman, 2017). SfM modely oboch tzemi boli
prevzorkované (downsampling) na rozliSenie 1 m pomocou metddy priestorovej
agregécie priemerom (average resampling), kedy kazda nova bunka reprezentuje
aritmeticky priemer z 2500 pdvodnych buniek vysokého rozliSenia. Tento postup
efektivne eliminuje mikro-Sum fotogrametrickych dat a zabranuje vzniku
artefaktov pri tvorbe diferenéného modelu.

Diferenéné modely relié¢fu (DoD — DEM of Difference) boli vypocitané
mapovou algebrou ako rozdiel nadmorskych vySok (Wheaton et al., 2010):

DoD = DMR ¢y — DMR, ¢

Pre obe lokality boli stanovené §tatistické ukazovatele vertikalnej presnosti:
stredna kvadratickd chyba (RMSE) a robustnd metrika NMAD (Normalized
Median Absolute Deviation, Hohle a Hohle, 2009). Pouzitie NMAD je kl'a¢ové pre
uzemia s nenormalnym rozdelenim chyb, kde sa vyskytuji extrémne odlahlé
hodnoty (outliery):

NMAD = 1.4826 x median(|AZ; — medianAZ|)

kde 1.4826 je normaliza¢ny faktor (konS$tanta) pre prisposobenie medianu
Standardnej odchylke pri normalnom rozdeleni chyb, AZ; predstavuje vertikalnu
odchylku (rozdiel vysok) v i-tej bunke rastra a medianAZ je stredna hodnota
(medién) vSetkych vertikalnych odchylok v rdmci hodnoteného suboru dat.

Na zaklade tedrie propagacie chyb oboch senzorov bol stanoveny prah
detekcie (LoD — Limit of Detection, Wheaton et al., 2010). Pre 95% interval
spol'ahlivosti bola ur¢ena hodnota LoD. Vertikalne rozdiely v intervale (-LoD;
LoD) m boli v analyze klasifikované ako Statisticky nevyznamny Sum merania a
boli maskované.

V lokalite aktivneho lomu Olcnava bol DoD model vyuzity na vypocet
sedimentarnej bilancie (Sediment Budgeting, Wheaton et al., 2010). Celkovy
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objem odt'azenej horniny (Vex) a objem novych deponii (Vgep) bol stanoveny
sumaciou hodnot buniek DoD presahujucich prah LoD a ich vynasobenim plochou
pixelu (1 m?):

n
V= Z( AZ; X Apz'.::g[)
i=1

kde V je predstavuje celkovy vypocitany objem v kubickych metroch (m?), n je
celkovy pocet buniek (pixelov) rastra, ktoré vstipili do vypoctu (ide o bunky
presahujuce prah detekcie LoD), AZ; je hodnota vertikdlnej zmeny (vySkovy
rozdiel) v i-tej bunke rastra vyjadrena v metroch a Aypixel predstavuje plosna vymeru
jednej bunky rastra.

Cista objemova zmena (Vner) Vlome Olcnava bola definovana ako stdet
objemov extrakcie (negativne hodnoty) a deponizacie (pozitivne hodnoty), ¢o
umoznilo exaktne kvantifikovat' intenzitu tazby medzi obdobim Lidarového
snimania a fotogrametrického merania (SfM).

Ziskanie a spracovanie dat

V oboch pripadoch skiimaného uzemia bolo potrebné planovanie samotného
letu a aspot odhad casu, ktory bude potrebny na zhotovenie vSetkych snimok.
Letovy ¢as je vnasom pripade 29 mintt adosah ovladania 7 km. To vSetko
samozrejme pri idedlnych podmienkach. Ovlada¢ pouziva prepojenie so
smartfonom, kde ma pilot moznost’ sledovat’ let a v pripade potreby zasiahnut
aprevziat riadenie. Systém inteligentného letu umoziuje automaticky let po
predpripravenej trase v nastavenej letovej vyske. Uzitoc¢nou funkciou je v teréne
moznost” navratu domov, teda zapamitanie si bodu vzletu andvrat nai po
nasnimani, ¢o nam dalo moznost’ snimkovat’ zlozity terén kam bolo inak zlozité sa
dostat, ako napr. vodna plocha, strmé svahy ¢&i hustd vegetacia. Pri
pouziti drona bolo délezité najst’ deit s dobrym pocéasim, jasnou oblohou, pokial
mozno bezvetrim. Prave ztohto hladiska je vyhodné jeho nasadenie v letnych
mesiacoch. Dalej bolo treba brat’ do Givahy skutoénost, Ze vietky skimané formy
reliéfu sa nachadzaju v blizkosti lesného porastu na svahoch ktoré ho obkolesuju.
Vyska stromov bola rozdielna a bolo im treba prispdsobit’ vysku letu z dovodu aby
nedoslo ku kolizii. Zvolili sme vysku podl'a lokalnej situacie. Tu je potrebné
dodat’, ze ¢im nizSie leti, tym st ziskané snimky detailnejsie. Ak by terénne
prekazky vyzadovali let prili§ vysoko, zabranilo by to v identifikacii pozemnych
kontrolnych bodov, ktoré je nutné neskor v softvéri identifikovat. Limitujiicim
faktorom pouzitiadronaje stav avydrz batérii. VnaSom pripade smemali k
dispozicii Sest’ batérii. Ich vydrz ovplyviluje pocasie. Dron nemusi lietat’iba za
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bezvetria, ale Cas jeho letu bude skrateny, nakolko bude spotrebovavat viac
energie pri kompenzacii poryvov vetra. Kvoli vydrzi jednotlivych batérii sme
nalietavant oblast’ rozdelili na samostatné zony (0d rozlohy zavisel ich pocet). Po
nalietani jednej zony nasledovala vymena batérie, presun na novy Startovaci bod,
kde dron pokracoval v snimkovani podla vopred stanovenej trasy. Pri procese
ziskavania fotografii su okrem vysky stromov potencialnymi problémami aj vtaky,
ktoré mézu vnimat' pritomnost’ drona ako hrozbu. Nato aby mohli byt ziskané
snimky neskdr spojené za pouzitia softvéru bolo treba vytvorit dostatocné
mnozstvo referenénych bodov a rozmiestnit’ ich rovnomerne na ploche odkaliska.
Ako referenéné body sme vyuzili zalaminované tabul’ky upevnené k povrchu tak,
aby sa po zamerani RTK GNSS pristrojom nepohli. Kontrastny ¢ierno-biely dizajn
pomaha ich identifikdcii na ziskanych snimkach neskor (obr. 1). Body sme sa
snazili rozmiestnit rovnomerne a podla velkosti skenovanej formy aj
prisposobovali ich pocet. Ako priklad je obr. 2, kde st zobrazené referencné body
na odkalisku Markusovce.

Obr. 1: Zameranie referenénych bodov a detail kontrastného tercika na lokalite
Markusovce

Zdroj: Archiv autora

Po nasnimani celej lokality sa tazisko prace presunulo do laboratoria
dial’kového prieskumu Zeme (DPZ), kde sme ziskané snimky preniesli
z pamitove]j karty do prostredia softvéru Agisoft. Prvym krokom pri zostaveni
modelu je nacitanie vSetkych snimok z jednotlivych skenovacich zon, ktoré st na
zaklade polohy drona pospajané do jedného obrazu. Takto sme ziskali prvy
graficky vystup — ,roztrusené mraéno bodov* (sparse point cloud), ktoré nam
umoznilo skontrolovat’ spravnu polohu fotografii (obr. 3).
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Obr. 2: Rozmiestnenie kontrolnych bodov na odkalisku MarkuSovce. Zobrazené st
aj polohy a odhady chyb. Chyby na osi Z znazoriiuje farba, chyby na osi X a Y
znazornuje tvar elipsy.

Zdroj: Vlastné spracovanie

Druhym krokom je identifikovanie GCP bodov, resp. GCP ter¢ov ktoré sme
vteréne zamerali a priradenie zameranych suradnic najdenym bodom. To dalo
vytvaranym modelom ovela vacsiu presnost. Tento krok zaroven transformuje
povodnil dronom vyuzivanu suradnicovi sustavu WGS 84 do nasho zauzivaného
suradnicového systému S-JTSK. Po kontrole spravnosti a odchylok sme pristupili
ku zhotoveniu takzvaného ,hustého mra¢na bodov* (dense point cloud). Prave pri
vytvarani hustého mra¢na bodov je dolezita vykonna pracovna stanica, ked’ze kvoli
¢o najkvalitnej$im vysledkom je vhodné zvolit’ vysoku kvalitu mra¢na bodov. Po
kontrole vytvoreného mracna bodov, ktorého velkost’ a cas zhotovenia zavisi od
poctu fotografii, resp. rozlohy povodnej formy reliéfu sme pristapili k vytvoreniu
digitalneho modelu relié¢fu (DMR) a ortorektifikovanej snimky. RozliSenie snimky
je velmi vysoké — jeden pixel je na skimanych formach 1,5 — 2 cm skuto¢nej
plochy povrchu. Kvalita je neporovnatene vy$$ia v porovnani so satelitnymi
snimkami. Prvy vytvoreny model povrchu (DSM) na nase Géely nepostacoval a tak
sme eSte na zaver pristapili ku klasifikacii tych bodov (tvoriacich husté mrac¢no
bodov) ktoré nepredstavovali reliéf. Touto klasifikaciou sme z modelu odstranili
vegetaciu a tak sme mohli pracovat’ so skutoénou vyskou povrchu (DEM).

Este vsoftvéri Agisoft je moznad praca s mraénom bodov v podobe
vytvorenia videa ¢i inej 3D vizualizacie nasnimaného reliéfu. Jednotlivé body
mracna totizto nesu aj udaj o farbe. Je tak kdispozicii replika krajiny uz po
zostaveni findlneho mra¢na bodov (dense point cloud). Exportom modelu reliéfu
Vv podobe spominaného DEM je znamy a vyuzivany format tiff, ktory je dalej
vyuzitel'ny v roznych GIS aplikaciach. Ako priklad uvadzame kameiiolom Olcnava
na obr. 4.

10
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Obr. 3: Prekrytie skenovanych miest fotografiami. Legenda udéava pocet
prekryvajucich sa fotografii. Prekrytie sa 2D obrdzkov z roznej perspektivy je
zakladom metody SfM.

m>9

Zdroj: Vlastné spracovanie

Obr. 4: Kamenolom Olcnava. A — detail mracna bodov v podobe etazi lomu, B —
pohl'ad na celt snimkovanu plochu, C — detail etazi uz ako DEM v prostredi QGIS,
D — detailny vyskovy profil lomu Olcnava

Zdroj: Vlastné spracovanie

11
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Vysledky a diskusia

Realizovany vyskum v lokalitach stredného SpiSa potvrdil, ze metdéda
fotogrametrie Structure from Motion (SfM) s vyuzitim bezpilotnych leteckych
prostriedkov (UAV) predstavuje vysoko efektivnu a presnti alternativu k tradi¢nym
geodetickym metodam, a v lokdlnom meradle dokaZze dopinat $tatne mapové diela
zalozené na leteckom laserovom skenovani (LiDAR). V oboch sledovanych
uzemiach, Markusovce a Olcnava, sme dosiahli digitalne modely reli¢fu (DMR) s
povodnym priestorovym rozliSenim 4 cm, ¢o poskytuje bezprecedentny detail
morfometrickych parametrov v porovnani s referenénym modelom DMR 5.0 s
rozlifenim 1 m leteckého laserového skenovania SR (UGKK SR, 2023).
Prezentovany metodicky postup tvorby DMR prostrednictvom SfM chapeme ako
pomerne lacnejSiu a efektivnu alternativu v porovnani s udajmi ziskanych
prostrednictvom LiDARu. Vysledné DMR sme porovnali s produktom DMR 5.0
(UGKK SR, 2023) z leteckého laserového skenovania (LiDAR) izemia SR v ramci
prvého cyklu. Obe uzemia spadaju do polygonu Poprad, kde skenovanie prebehlo
v case od 29.03.2021 do 05.05.2021. Nase snimkovanie prebehlo 27.09.2019
v lokalite MarkusSovce a 22.05.2021 v Olcnave.

Pre lokalitu MarkuSovce, reprezentujucu stabilntl startt banskt zataz, bola
zistena strednd kvadratickd chyba (RMSE) na trovni 0,7254 m, zatial ¢o v
dynamickom prostredi lomu Olcnava tidto hodnota narastla az na 1,5409 m.
Vedecka interpretacia RMSE vsak moze byt zavadzajuca, pretoze tato metrika je
mimoriadne citlivd na odl'ahlé hodnoty (outliery), ktoré v pripade kamenolomu
nereprezentuju chybu merania, ale readlnu zmenu reliéfu.

Z tohto dévodu sme v sulade s metodikou autorov Hohle a Hohle (2009)
implementovali robustmi metriku  NMAD (Normalized Median Absolute
Deviation). V lokalite MarkuSovce dosiahla hodnota NMAD 0,2013 m, c¢o
indikuje, ze na drvivej vacsine plochy (cca 68 % az 95 % podl'a typu rozdelenia)
dosahuje SfM model presnost’ okolo 20 cm. V lokalite Olcnava je hodnota NMAD
0,2866 m, ¢o napriek obrovskym rozdielom v metroch spdsobenych tazbou
dokazuje, ze SfM model je na stabilnych plochach (pristupové cesty, etaze) takmer
rovnako presny ako v lokalite MarkuSovce. Tento nepomer medzi vysokym RMSE
a relativne nizkym NMAD vedecky potvrdzuje pritomnost’ "geomorfologického
signalu" — teda realnej zmeny povrchu, ktora maskuje skuto¢ntl technicku presnost’
senzora. Systematicky posun (Bias) bol v oboch lokalitach zaporny (-0,12 m pre
Markusovce a -0,28 m pre Olcnavu), ¢o naznacuje mierne podhodnotenie vySok
SfM modelom, pravdepodobne v désledku vplyvu tiefiov alebo vegetacie, ktort
LiDAR na rozdiel od SfM dokaze penetrovat’.

Porovnanie modelov bolo realizované cez diferen¢ny model reli¢fu (DoD —
DEM of Difference; Wheaton et al., 2010), ktory vznikol odpocitanim
LiDARového modelu od resamplovaného SfM modelu. Pre minimalizaciu vplyvu
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Sumu spdsobeného objektami na skenovanom povrchu sme do vypoctu aplikovali
prah detekcie (LoD — Limit of Detection). Na zaklade tedrie propagacie chyb sme
stanovili hodnotu LoD = 0,31 m pre 958 % interval spol'ahlivosti. Vyber hodnoty
31 cm bol zalozeny na vypocte (Wheaton et al., 2010):

N o
Opop = \JIOZEEDAR + O55p

kde sme uvazovali s technickou neistotou LiDARu 0,15 m (poziadavka DMR 5.0)
a SfM 0,05 m. Ignorovanie vSetkych zmien v intervale +0,31 m nam umoznilo
ocistit’ vysledky od Statistického Sumu sposobeného napriklad nizkou vegetaciou
(trdva), drobnymi chybami v georeferencovani alebo generalizaciou 1 m mriezky
LiDARu, ktora nevyhnutne vyhladzuje mikroreliéf. Bez aplikacie tohto prahu by
do sedimentarnej bilancie vstupovali miliébny buniek s falo§nymi zmenami, ¢o by
viedlo k masivnemu skresleniu vyslednych objemov.

Komplexny pohl'ad na priestorovi distribiciu odchylok v lokalite
Markusovce (obr. 5) zobrazuje relativnu stabilitu izemia. Diferenény model (obr.
5A) je dominantne sivy, ¢o sved¢i o vysokej miere zhody medzi SfM (2019) a
LiDAR (2021). Modré linie v juhozapadnej Casti zachytdvaju mikrodepresie a
ryhy, ktoré su v LiDAR modeli vyhladen¢, ale SfM vd’aka 4 cm rozliSeniu ich
zachytava exaktne. Histogram vertikalnych odchylok AZ (obr. 5B) vykazuje vel'mi
ostry vrchol okolo nuly s normalnym (Gaussovym) rozdelenim, ¢o potvrdzuje
kvalitu fotogrametrického spracovania. Korelaény graf (obr. 5C) vykazuje takmer
linearnu zavislost’ s minimalnym rozptylom, ¢o potvrdzuje NMAD hodnotu 20 cm.

V pripade lokality Olcnava mdZzeme vidiet' Gplne iny charakter distribicie
chyb. DoD mapa (obr. 6A) odhal'uje vel'ké plochy rozdielov (sytomodré a Cervené
farby). Histogram ma vyrazne $ir§iu zakladiu a "dlhé chvosty" siahajtice od -15 m do
+10 m. Tato asymetria v histograme (obr. 6B) je dokazom, Ze rozdiely medzi
modelmi nie st ndhodnym Sumom merania, ale odrazaji antropogénne procesy —
tazbu horniny a tvorbu depodnii v aktivnom lome. Rozptyl v korelacnom grafe (obr.
6C) je podstatne vyssi, ¢o je priamym dosledkom fyzickych zmien v teréne medzi
jednotlivymi meraniami. Porovnanie SfM a LiDARu viedlo k zisteniu, Ze v tomto
$pecifickom pripade neporovnadvame len dva senzory, ale monitorujeme dynamiku
tazby v Case. Kedze SfM meranie v Olcnave prebehlo 22. 5. 2021 a LiDARové
snimanie v ramci polygoénu Poprad sa realizovalo v tesnom predstihu (marec — m4j
2021), detegované zmeny si mimoriadne aktudlne a reprezentuju intenzivnu ¢innost’
v lome prave v tomto jarnom obdobi. Tento fakt nas viedol k vypoctu sedimentarnej
bilancie (Sediment Budgeting) podl'a metodiky Wheatona et al. (2010), aby sme
kvantifikovali celkovy objem presunutého materidlu. Obr. 6a vizualizuje filtrované
DoD, kde siva farba maskuje vSetko pod prahom LoD 0,31 m. Sytomodré plochy
reprezentuji miesta extrakcie, kde objem odt’aZenej horniny dosiahol az 88 883 md.

13
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Cervené plochy identifikuja nové haldy materialu s celkovym objemom 39 232 m?,
Tato bilancia jasne ukazuje prevahu tazby nad navazanim materidlu v sledovanom
kratkom obdobi, ¢o kore$ponduje so zistenym zapornym Biasom (-0,28 m).

Obr. 5: Analyza presnosti DMR na lokalite odkaliska Markusovce. A — diferencny
model reliéfu, B — dlstrlbu01a vertikalnych odchylok, C — korela01a vysok

Diferentng model fefiéfu (00D} Distribd tikilinych odchyiok (62)

Zdroj: Vlastné spracovanie

Obr. 6: Analyza presnosti DMR na lokalite kameniolomu Olcnava. A — diferen¢ny
model reliéfu, B — dlstrlbu01a vertikalnych odchylok, C — korelama vySok
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Vysledky nasej prace demonstrujii, ze SfM fotogrametria je schopna
dosahovat’ porovnatelnt presnost’ s LIDARovymi datami Statneho Standardu DMR
5.0, pricom na stabilnych plochach bez vysokej vegetacie sa priemerna odchylka
pohybuje v rozmedzi 20 az 28 cm (NMAD). Ultravysoké rozliSenie SfM modelu (4
cm) prindSa zasadnu pridand hodnotu v moZnosti identifikacie mikro-formiem
reliéfu, ktoré LIDAR v 1 m rozliSeni nevyhnutne vyhladzuje.

Zaver

Vhodnost’ pouzitia takéhoto pristupu k ziskaniu priestorovych tdajov zavisi
od pristrojového vybavenia. Pozemné skenovanie (napr. laserové pomocou
pristroja FARO) nemusi byt vhodné ak ide o vicsie tizemie. Lidarové skenovanie
je vyhodnejsie pri vegetdcii, no zaroven je financne naroCnejsie. Predstavena
fotografickd metdoda okrem detailného modelu reliéfu umoziuje aj ziskanie
podrobnej ortorektifikovanej snimky. Jej pouzitie je vyhodné v pripadoch kedy
skimané izemie nepokryvaju velké a husté kusy vegetacie (Eltner et al., 2016),
pristup neblokuju napriklad elektrické stipy vysokého napitia, ¢ sa v oblasti
nevyskytuju hniezdiace chranené druhy vtakov, ktoré by vnimali dron ako hrozbu
a hrozil by kontakt pocas snimkovania. Jej presnost’ je taktieZ silne zavisla od
kvality georeferencovania. Pouzitie vlicovacich bodov (GCP) je nevyhnutné pre
eliminaciu systematickych chyb, ako je napriklad efekt "kupoly" (doming effect)
pri linearnom snimani (James a Robson, 2014). Podobné vyuzitie tejto metddy
napriklad pri fluvidlnej geomorfologii opisali Carrivick a Smith (2019),
pedogeografii Dobbs et al. (2023), Koco, Vil¢ek a Torma (2023), vyskume lavin
Salazar et al. (2020). Nami uskuto¢nené vyuzitie snimkovanie antropogénnych
tvarov reliéfu poskytuje moznost’ ziskania kvalitnych a podrobnych priestorovych
udajov pri d’alSom vyskume aj pri rozhodovacich procesoch vzhl'adom na to, ze
tieto lokality su environmentalnymi zat’azami, ktoré budd potrebovat’ v budicnosti
najst’ rieSenie ich zabezpecenia, odstranenia alebo rekultivacie. Metoda SfM
potvrdila svoje vyuzitie aj pri tychto Specifickych banskych a priemyselnych
formach reliéfu. Z hladiska praktického vyuzitia v geovedach je klucovym
zistenim nevyhnutnost’ pouzivania robustnych Statistik (NMAD) a prahu detekcie
(LoD), najmi v dynamickych prostrediach ako si kamenolomy. Aplikacia LoD =
0,31 m sa ukazala ako kriticka pre validny vypocet sedimentarnej bilancie, pricom
v lokalite Olcnava sme uspesne kvantifikovali objemy tazby, ktoré by inak boli
skreslené Sumom merania. SfM tak predstavuje nielen nizkonakladovi nahradu
LiDARu, ale v kombinacii s nim tvori vykonny nastroj pre 4D monitoring (priestor
+ Cas) antropogénnych zmien krajiny. Zaroven, navrhnuty postup harmonizacie dat
Vv prostredi Python s vyuzitim kniznic rioxarray a rasterio (Gillies, 2013; Hoyer a
Hamman, 2017) je plne automatizovany a replikovatelny pre podobné Stadie
zamerané na detekciu zmien digitdlnych modelov reliéfu.
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ANTHROPOGENIC GEOMORPHOLOGY MODELS USING
STRUCTURE FROM MOTION

Summary

The article focuses on the use of the photogrammetric method Structure
from Motion (SfM) in anthropogenic geomorphology. We demonstrate this by
obtaining a 3D model of anthropogenic landforms. We compare the creation of a
relief model with other methods such as ground scanning or lidar scanning. Each of
these methods has its advantages and disadvantages, which we describe in the
relevant places. We conducted our research in the region of central SpiS. It is a
region with a rich history of mining and ore processing, and therefore many
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anthropogenic landforms are found there. We focused on the larger ones and as an
example in the article we present the model of the MarkuSovce mine tailings pond,
which is a remnant from the processing of ores mined in this region and today
represents an environmental burden on nature. Today it is no longer used for its
original purpose. The second location from which the SfM demonstration comes is
a still active Olcnava quarry. The SfM is based on taking pictures from multiple
angles and using GNSS position sensing. When compiling 3D models, we used the
DJI Phantom 4 Pro drone with an ultra HD camera to obtain basic images with
spatial information. To refine the obtained models and transform them into the
SJTSK coordinate system used in our country, we also used an RTK GNSS device.
Specifically, it was the HIPER HR from Topcon together with the Topcon FC-
5000 field computer with high accuracy and resistance to the elements. We
subjected the scanned locations to a preliminary field survey to determine the
suitability of using the drone (so that there were no no-fly zones, high-voltage
pylons, bird nesting sites that could have contact with the drone). We placed
targets for ground control points (GCP) on the scanned area and chose a suitable
flight height, so that there would be no collisions and these GCPs were still
identifiable. We processed the acquired images using Agisoft software, created a
dense point cloud, removed vegetation and other obstacles, and thus obtained a
digital elevation model (DEM). The entire process of creating a relief model is
continuously shown in the attached figures 1-4, as well as the outputs in the form
of TIFF format usable in GIS software. In the chapter "Results and Discussion™ we
compare the obtained relief models with the available LiDAR scanning of the
territory of the Slovak Republic. We explain the use of the Normalised Median
Absolute Deviation method, which shows the high accuracy of the SfM method.
By subtracting the LiDAR relief model from the resampled SfM model, we
obtained a comparison of both models. We also graphically displayed a
comprehensive view of the spatial distribution of deviations in both locations in
Figures 5 and 6. As a result, SfM is not only comparably accurate as LIiDAR
scanning, but also allows the study of microforms of the relief due to its high
resolution. The obtained relief models represent an excellent alternative to
terrestrial laser or lidar scanning. They are a good basis for further research or
decision-making processes in the landscape management.
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SPATIAL TEMPERATURE DIFFERENCES AT VARIOUS LOCATIONS
IN THE CITY OF NITRA

Zuzana Pucherova, Lucia Jamrichova, Regina MiSovi¢ova
Abstract

The city, as a component of the cultural landscape, can be perceived as an
open and dynamic system whose development is conditioned by the relationship
between natural processes, urban structure, and human activity. These
relationships lead to the continuous transformation of the spatial organization of
the territory. Using the example of the city of Nitra, we evaluated spatial
temperature differences in six locations. The analysis was based on data from
monitoring stations collected between 1 November 2024 and 31 October 2025,
covering temperature measurements in six time intervals during day. For each
monitoring location, within a 200 m buffer around the station, we determined the
proportion of built-up, permeable, and impermeable surfaces based on land-use
patterns. Each monitoring station was classified into a local climate zone within
the city of Nitra, and the results indicate differences in the thermal regime of the
urban environment. The temperature patterns observed during the evaluated
period highlight the influence of urban structure, degree of built-up area, and
vegetation cover at the individual locations. The aim of the paper is to point out
temperature differences in relation to landscape cover and in terms of the
proportion of vegetation at the evaluated locations within the climatic zones of the
city of Nitra over a period of one year.

Keywords: urban environment, temperature, land use, climate zone, urban heat
island, Nitra

Introduction

In recent years, cities have become increasingly involved in processes
aimed at mitigating the impacts of climate change and adapting to them. Their
vulnerability to climate change arises from a combination of high population
density, specific geographic and environmental conditions, and extensive technical
infrastructure.

The urban heat island (UHI) is a climatic phenomenon associated with
urbanization. In the context of climate change, municipalities must adapt to the
increasing occurrence of heat waves by managing the UHI (Foissard et al., 2019).
The Urban Heat Island (UHI) effect is characterized by elevated air temperatures in
urban and industrialized areas compared to adjacent rural regions (Jabbar et al.,
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2023). This phenomenon is mainly attributed to urban buildings and paved surfaces
that absorb and retain heat, as well as additional heat emissions from human
activities. Depending on factors such as the size of the city and the physical
properties of the surface materials, the temperature difference between urban and
rural environments can range from 1 °C to 7 °C (Akbari et al., 2001). The urban
heat island (UHI) effect manifests itself as differences in air temperature near the
ground (the tree canopy layer) due to different cooling patterns in urban and rural
areas (Mandjoupa et al., 2025). The combined effects of city size, geographic
setting, temporal variability, and the structural and functional properties of urban
areas contribute to elevated urban temperatures.

Urban design plays an important role in shaping the UHI effect, with factors
such as urban canyon dimensions, aspect ratio, building height, ventilation
corridors, building density, site planning, and the extent of greenery influencing
microclimate dynamics (Yang et al., 2021). Vegetation cover has a significant
impact on surface temperature distribution, as there is a relationship between land
cover structure and urban area materials with increasing temperature in urban areas
(Gorgani et al., 2013). The relationship between land cover structure and urban
area materials with increasing temperature in urban areas is becoming increasingly
important for understanding the impacts on the environment as well as on human
health (Stone, Rodgers, 2001). Marzban et al. (2018) state that it is important to
understand the relationship between land cover and surface temperature, which
allows for a better understanding of the magnitude and pattern of the UHI and how
different land cover types contribute to its formation.

The aim of the contribution is to evaluate temperature differences in 6
locations in the city of Nitra over a period of one year (1.11.2024 — 31.10.2025)
and to point out the relationship between temperature and landscape cover, or the
proportion of vegetation in the given locations within the climatic zones of the city
of Nitra.

Materials and Methods

When determining temperature differences, we used data from 10 SOFTEC
R-Enviro (REN) monitoring stations, model from 2020, located in the city of Nitra.
The monitoring itself is part of the operation of the 10T (Internet of Things)-based
meteorological data collection system within the project "Comprehensive smart
solution for air monitoring in Nitra". For the purposes of our contribution, we used
results from only 6 stations: 1. Hviezdoslavova trieda/Dolnocermanska; 2.
Stefanikova/Stirova; 3. Staré mesto - Svitoplukovo ndmestie; 4. Svitourbanska
Zobor; 5. Detské dopravné ihrisko Chrenové; 6. Novozamocka/R1 Horné Krskany
(Figure 1, Table 1). The reason for selecting only 6 stations was the significant
amount of missing measurement data at the remaining four stations.
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For individual monitoring stations, we used available data regarding daily
temperatures in 6 time intervals: 1. morning (6:00-9:00 a.m.), 2. afternoon (9:00-
11:00 a.m.), 3. lunch (11:00-1:00 p.m.), 4. afternoon (1:00-3:00 p.m.), 5. evening
(6:00-10:00 p.m.) and 6. night (10:00 p.m.-6:00 a.m.). The temperatures in these
time intervals were averaged and the resulting temperature was given for the entire
monitoring time interval. For the purposes of our case study, we chose a time series
of complete data from November 1, 2024 to October 31, 2025. Buffers ranging
from 100 m to 500 m are most commonly used to characterize the immediate
environment of each monitoring station (Ju et al., 2024; de la Iglesia Martinez,
Labib, 2023; Jimenez et al., 2022) depending on the density of development and
the proportion of vegetation. Lower buffer values (100 m — 300 m) better capture
immediate residential greenery and higher density of development, while higher
buffer values (500 m and more) better capture neighbourhood-level access and
lower density of development. Following the methodological procedure of Foissard
et al. (2019) and for the purposes of this study, we have allocated a circular buffer
with a radius of 200 m from each monitoring station. We performed an analysis of
land use in individual buffers and expressed the share of built-up areas (buildings),
permeable areas, i.e. areas with vegetation cover (vegetation), and impervious
areas with non-vegetation cover (paved surfaces, e.g. sidewalks, roads, parking
lots, etc.). The share of built-up areas was derived from a vector layer of buildings
obtained from the freely available OpenStreetMap database and these were
subsequently updated from orthophotomaps from 2020 in the 5514 coordinate
system, with a number of channels of 4 (RGBN 8-bit), with a resolution of 20 cm/1
pixel. The individual orthophotos were multispectral and contain a near infrared
band, based on which we were able to derive and classify NDVI value indices
(vegetation areas). Areas with NDVI values indicating vegetation cover were
included in the vegetation category. The proportion of impervious areas was
subsequently determined indirectly as the remaining part of the circular buffer area
after subtracting built-up and vegetation areas. The percentage representation of
individual surface types thus obtained was used to interpret differences in the
temperature regime between the monitored locations. We assigned each of the
monitoring stations to a local climate zone (Figure 2).
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Figure 1: Distribution of monitoring stations in the city of Nitra
i | "
Jigpue

® |ocation of monitoring station

[ nitra

Number | Location of monitoring station
1 Hviezdoslavova trieda / Dolnofermanska - Klokocina
2 Stefanil / Stdrova - Staré mesto
3 Svétoplukovo ndmestie - Staré mesto
4 Svatourbanské - Zobor
L .*_,3: 4 5 Detské dopravné ihrisko - Chrenové
B L . v 6 Novozamockd / R1 - Horné Krékany
Author: Jamrichova, L. (2026)
Table 1: Locations of meteorological stations
Location name Place of installation
1 HVIGZ(!QSI&Vova trieda/Dolno¢ermanska — 48°18'07.6"N 18°03'45.9"E
Klokocina
2 | Stefanikova/Sturova — Staré mesto 48°1828.6"N 18°05'08.0"E
3 | Svitoplukovo ndmestie — Staré mesto 48°18'51.6"N 18°05'15.3"E
4 Svitourbanska — Zobor 48°19'53.0"N 18°05'51.1"E
5 | Detské dopravné ihrisko — Chrenova 48°18'51.4"N 18°05'57.2"E
6 | Novozamocka/R1 — Horné Krskany 48°17'00.9"N 18°0521.1"E
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Figure 2: Monitoring stations, 200 m buffers and local climate zones in the city of
Nitra
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Author: Jamrichova, L. (2026)
Results

The evaluation of air temperature measurements in six locations in the city
of Nitra points to significant spatial differences in the thermal regime of the urban
environment. The temperature trend also indicates a significant influence of the
urban structure, the degree of building, vegetation covers and traffic load.

From the daily temperature measurements in six locations in the city of
Nitra, the average daily temperature trend was evaluated for the period from 1
November 2024 to 31 October 2025. For each location, the average daily
temperature was calculated as the average of six daily intervals (morning,
forenoon, lunch, afternoon, evening, night) (Graph 1). Subsequently, the basic
characteristics of the temperature regime (average, minimum, maximum) between
individual locations were compared. The results show that the temperature course
during the year shows similar seasonal dynamics in all locations - with minima
during the winter months (December to February) and maxima during the summer
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period (June to August). However, differences between locations are identifiable
mainly in the level of average temperature and the range of extremes.

Graph 1: Average daily temperature trend (from 1.11.2024 to 31.10.2025) at 6
locations in the city of Nitra

30

ka - Kiokocina

2024-11 2025-01 2025-03 2025-05 2025-07 2025-09 2025-11
Date

The highest average daily temperature was recorded in Location 2
(Stefanikova/Starova — Old Town), which indicates a more pronounced urban
character of the area (built-up area, paved surfaces, lower proportion of
vegetation), and thus a potentially higher impact of the urban heat island effect
(UHI). The lowest average daily temperature was observed in Location 5
(Children's Traffic Playground — Chrenova), which may be more influenced by
vegetation elements and more favorable microclimatic conditions. In terms of
temperature extremes, the highest maximum temperature was recorded in Location
3 (Svitoplukovo namestie — Old Town), which may be related to intense
overheating of the central area with a higher proportion of paved surfaces and high
heat accumulation. On the contrary, the lowest minimum values were recorded at
Location 4 (Svitourbanska — Zobor), which indicates a higher susceptibility to
cooling (e.g. due to relief, openness of space, vegetation or local circulation
conditions).

Overall, it can be stated that locations in the central zone of the city (Old
Town) show higher temperatures especially during the warm period of the year,
while peripheral or vegetationally more favourable locations show lower average
temperatures and a different course of extremes. This result supports the
importance of green infrastructure and surface structure in regulating the local
temperature regime of the city. In graph 2, it is possible to see the seasonal course
of temperatures at all locations. The highest seasonal averages in the summer
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months (June, July, August) are achieved by Location 2 — Stefanikova/Sturova
(Old Town), which together with Location 3 Svétoplukovo namestie (Old Town)
maintain higher averages especially in warm periods. The coldest location for the
winter months (December, January, February) is Location 6 — Novozamocka/R1
(Horné Krskany), and Location 4 — Svitourbanska (Zobor) is also very close. This
location has an interesting seasonal pattern, as it is the warmest in the spring
months, which is probably related to the relief and faster overheating of the more
southerly exposed/deforested areas (Graph 2).

Graph 2: Seasonal temperature averages in 6 locations in the city of Nitra
(1.11.2024 — 31.10.2025)

wa triedal ka - Kiokocina
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Winter (DJF) Spring (MAM) Summer (JJA) Autumn (SON)
Season

The highest average difference between day (morning, forenoon, lunch,
afternoon) and night (evening, night) is at Location 5 Detské dopravné ihrisko -
Chrenova ~ +1.88 °C and just behind it is Location 3 Svitoplukovo namestie —
Staré mesto ~ +1.85 °C. The lowest difference between day and night, ie. a
relatively more balanced temperature regime between day and night, is at Location
4 Svitourbanska (Zobor) ~ +1.19 °C. A higher difference between day and night
means stronger overheating during the day (exposed surfaces) or weaker heat
retention at night. A lower difference between day and night may indicate higher
night heat retention (urbanized core) or a stabilizing effect of relief or vegetation
(graph 3).

In the 200 m buffers around each of the monitoring sites, there are
differences in the representation of built-up areas, permeable areas with vegetation
cover and impermeable areas with non-vegetation cover (Figure 3). The largest
shares of built-up areas are in the areas of the Old Town Stefinikova/Starova
(44.20%) and Svitoplukovo namestie (34.81%). The smallest share of built-up
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areas is in the site 4 Svitourbanskd — Zobor (9.74%). The highest share of
permeable areas with vegetation cover is in the sites Detské ihrisko Chrenova
(49.71%) and Svitourbanska — Zobor (40.38%), and conversely the lowest share of
such areas is in the Stefinikova/Sturova (Old Town) site 4.13%. Impermeable
surfaces are most represented at the Hviezdoslavova tryda/DolnoCermanska
(Klokoc¢ina) location (74.10%) and least at the Detské dopravné ihrisko (Chrenova)
location (37.11%) (Table 2).

Graph 3: Monthly average temperature difference day vs. night (AT) in 6 locations
of the city of Nitra (1.11.2024 — 31.10.2025)

—— Lok1 Hviezdeslavova trieda/Dolnotermanska - Kiokotina
Lok2 Stefénikova/Strova - Staré mesto

2024-11 2025-01 2025-03 2025-05 2025-07 2025-09
Month

Table 2: Built-up areas, areas with vegetation and non-vegetation cover in 200 m
buffers of six monitoring sites in the city of Nitra

200 buffer BA PA 1A
Location name

(ha) | (%) | (ha) | (%) | (ha) | (%) | (ha) | (%)

Hviezdoslavova

1| trieda/Dolnogerménska 1255|100 | 1,70 | 1356 | 1,55 | 12,34 | 9,30 | 74,10
(Kloko¢ina)

2 ﬁfgﬁc‘;)lk"va/smmva (Staré 1555|100 | 555 | 4420 | 053 | 422 | 6.47 | 51,58

3 :feitt‘c’gl“k"“’ ndmestie (Star¢ |15 55| 100 | 437 | 3481 | 155 | 12.36 | 6,63 | 52,83

4 | Svitourbanska (Zobor) 12,55/ 100 | 1,22 | 9,74 | 507 | 40,38 | 6,26 | 49,88
Detské dopravné ihrisko

5 ! 12,55| 100 | 1,65 | 13,18 | 6,24 | 49,71 | 4,66 | 37,11
(Chrenova)

6 | Novozamockd/R1 (Homé 12,55| 100 | 2,01 | 16,04 | 413 | 32,89 | 6,41 | 51,07
Krskany)

Notes: BA = built-up areas; PA = permeable areas; |A = impermeable areas
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Figure 3: Built-up, permeable and impermeable areas at monitoring sites in the city
of Nitra

Number | Location of monitoring station
Hviezdoslavova trieda / Dolnodermanska - Kiokotina ® Iocation of monitoring station
Stefanikova / Stirova - Staré mesto [ 200m buffer

Svétoplukovo ndmestie - Staré mesto - .
SSourbonaid - Zobor [ building surface fraction
Detské dopravné ihrisko - Chrenova impemous surface fraction
Novozamocka / R1 - Horné Krékany Il pervious surface fraction

Autor: Jamrichova, L. (2026)
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Discussion and conclusion

The urban environment is a dynamic system characterized by constant
change. Due to climate change, cities are under increased pressure and face
growing adaptation challenges. The increase in urban temperatures caused by
urbanization (Oke et al., 2017) has profound implications for public health
(M’endez-L’azaro et al., 2018), energy consumption (Radhi et al.,, 2015),
greenhouse gas emissions (O’Malley et al., 2015) and heat generated by human
activities in cities (Rao et al., 2021). Urbanization leads to significant changes in
land use/land cover (LU/LC) in urban areas, including the expansion of impervious
surfaces, loss of vegetation and wetlands, etc. (Asabere et al., 2020; Wnek et al.,
2021). These changes can significantly alter land surface temperatures (LST) in
built-up areas (Li et al., 2016; Zhou et al., 2022).

The evaluation of air temperature measurements from six locations in the
city of Nitra for the period from 1 November 2024 to 31 October 2025 shows
significant spatial differences in the thermal regime of the urban environment. The
temperature course shows the influence of urban structure, building density,
vegetation covers and traffic load. In the local climatic zones of the city of Nitra,
there were visible differences in temperatures when comparing the six locations.
The results confirm the importance of greenery and urban design in regulating
microclimatic conditions in the city. One of the effective tools for mitigating the
impacts of climate change in the urban environment is vegetation.
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JUZNOSLOVANSKA VINOHRADNICKA OBLAST - VYSLEDKY
TERENNEHO VYSKUMU V OBLASTI VINOHRADNICTVA,
VINARSTVA A VINARSKEHO TURIZMU

Jana Némethova, Filip Gabris§
Abstract

The South Slovakia Wine-Growing Region is one of Slovakia’s major wine-
growing regions, characterized by favorable natural conditions for growing grapes
and a rich winemaking tradition. The aim of this study was to analyze the South
Slovakia wine-growing region through field research in the context of viticulture,
winemaking, and wine tourism. The results of the questionnaire survey highlighted
the diverse structure of wine-producing entities in terms of vineyard area and year
of establishment. Wine sales by wineries are primarily directed at private
customers and businesses, with a significant portion of production sold in wine
shops or directly at the winery. Wineries consider wine tourism an important tool
for promoting their wines and building brand awareness. The most common
activities include wine tastings, participation in wine festivals, and promoting
wineries through social media. The research also identified several barriers to the
development of wine tourism, particularly the region’s inadequate infrastructure
and lack of government support, as well as weak cooperation among wineries and
insufficient marketing support. Respondents also expressed interest in more
intensive cooperation within wine routes and winemakers’ associations, which
could help increase the region’s appeal and support the further development of
wine tourism.

Keywords: South Slovak Wine-Growing Region, viticulture, winemaking, wine
tourism, field research

Uvod

Vinohradnictvo a  vinarstvo  patria medzi tradicné  odvetvia
pol'nohospodarstva, ktoré vyznamne ovplyviuji hospodarsky, kultirny a krajinny
charakter mnohych regionov. Okrem svojej produkénej funkcie zohravaju délezita
ulohu aj pri zachovavani kultirneho dedi¢stva, regiondlnej identity a rozvoji
cestovného ruchu. V poslednych desatroCiach sa Coraz vécSej pozornosti tesi
vinarsky turizmus, ktory predstavuje vyznamnu formu Specialneho cestovného
ruchu zalozeni na spozndvani vinohradnickych oblasti, vinarskych tradicii a
lokalnych vin ainych produktov. Slovensko disponuje priaznivymi prirodnymi
podmienkami pre pestovanie vinica a produkciu vina, pricom jednotlivé
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vinohradnicke oblasti sa vyznacuju Specifickymi prirodnymi, historickymi a
socioekonomickymi charakteristikami. Na tzemi Slovenskej republiky sa v rAmci
Slovenského vinohradnickeho regionu nachddza 6 vinohradnickych oblasti:
Juznoslovenska, Malokarpatska, Nitrianska, Stredoslovenskd, Vychodoslovenska
vinohradnicka oblast’ a vinohradnicka oblast’ Tokaj. VSetky vinohradnicke oblasti
okrem vinohradnickej oblasti Tokaj sa dalej ¢lenia na vinohradnicke rajony,
ktorych je na Slovensku 40. Juznoslovenska vinohradnicka oblast’ s poctom 8
vinohradnickych rajénov je tretou v poradi, po Malokarpatskej a Nitrianskej
vinohradnickej oblasti. Podla poctu vinohradnickych obci, ktoré patria
do vinohradnickych oblasti, je Juznoslovenska vinohradnicka oblast’ Stvrtou
najpocetnejSou so 132 vinohradnickymi obcami. Celkovy pocet vinohradnickych
obci na Slovensku je podla vinohradnickeho ¢lenenia od 1. 8. 2023 714 obci
(UKSUP, 2026a). Juznoslovanska vinohradnicka oblast’ patri medzi vyznamné
vinohradnicke oblasti Slovenska, je zndma vhodnymi prirodnymi, najmi
klimatickymi podmienkami, rozvinutou vinohradnickou a vinarskou tradiciou a
rasticim potencialom pre rozvoj vinarskeho turizmu.

Cielom prispevku bolo prostrednictvom terénneho vyskumu analyzovat
Juznoslovanska vinohradnicku oblast’ v kontexte vinohradnictva, vinarstva a
vinarskeho turizmu.

Teoreticko-metodické vychodiska

Vinohradnictvo a vinarstvo na Slovensku komplexne legislativne riesi
Zakon ¢. 313/2009 Z. z. o vinohradnictve a vinarstve z 30. juna 2009. Vydanie
zakona bolo potrebné vzhl'adom na novu eurdpsku legislativu a nové podmienky
a postupy vo vinohradnictve a vinarstve, ktoré vytvorili nové prostredie po vstupe
Slovenska do Eurdpskej unie (EU), pricom povodny zakon bol nedostadujuci.
Zakon ustanovuje napr. podmienky pestovania vini¢a na registrovanych plochach,
podmienky vyroby vinarskych produktov aich uvaddzania na trh, podmienky
fyzickych a pravnickych osob, ktoré vini¢ pestuju alebo vykon kontroly nad
vinohradnictvom a vinarstvom a vedenie vinohradnickej a vinarskej evidencie
(Zakon ¢. 313/2009 Z. z.). Vedenie vinohradnickej a vinarskej evidencie, tzv.
vinohradnickeho registra, urcuje eurdpska legislativa, pricom kazdy clensky stat
EU, na tizemi ktorého sa pestuje vini¢, je povinny viest vinohradnicky register.
Sklada sa z registra pestovatel'ov a ich vinohradnickych ploch a registra o vyrobe.
Na Slovensku vedie vinohradnicky register Ustredny kontrolny a skugobny tstav
polnohospodarsky (UKSUP) — Odbor vinohradnictva a vinarstva. Zakon &.
313/2009 Z. z. vymedzuje vinohradnicku regionalizaciu na 5 urovni (UKSUP,
2026a):

— Slovensky vinohradnicky region — je ¢ast’ izemia Slovenskej republiky,
ktord je vysadena viniCom,
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— vinohradnicka oblast’ — je Cast’ Slovenského vinohradnickeho regionu,
ktora sa vyznacuje relativne homogénnymi prirodnymi podmienkami,
ovplyvilujucimi charakter a kvalitu vina. V stucasnosti sa Slovensky
vinohradnicky region ¢leni na 6 vinohradnickych oblasti,

— vinohradnicky rajon — je cast’ vinohradnickej oblasti, ktora sa vyznacuje
vysSim stupfiom homogénnosti ovplyviujucim kvalitu a charakter vina.
V stcasnosti je sucastou 6 vinohradnickych oblasti 40 vinohradnickych
rajonov,

— vinohradnicka obec — je obec vo vinohradnickom rajone, na ktorej izemi
sa nachddzaju vinohradnicke plochy. Na Slovensku ich je v sGcasnosti
714,

— vinohradnicky hon — je ucelend Cast vinohradnickej plochy, ktord sa
vyznacuje vysokou mierou homogénnosti prirodnych podmienok
ovplyvitujucich charakter a kvalitu vina.

Vsetky tieto vymedzenia nam predurcuju miesta nielen s vyskytom
vinohradnictva a vinarstva ale samozrejme aj miesta vzniku a rozvoja vinarskeho
turizmu. Vinohradnictvo a vinarstvo st typickou stcastou kultirnej krajiny,
pri¢om ich utilitdrna funkcia je stale najdolezitejSia. Zaroven st doélezitym prvkom
kultarneho dedi¢stva vidieckych oblasti. Okrem toho zohravaji vyznamnt ulohu
socialno-kultarneho charakteru (Jezierska-Thole et al., 2025). Produkcia hrozna na
vyrobu vina postupne na Slovensku klesd a je to najmd v dosledku poklesu
pestovatel'skych ploch vinic, pricom podiel vina, ktoré je vyrobené z domaécej
suroviny, sa znizuje a predstavuje zhruba 50 %. Z toho nam jasne vyplyva, zZe
vinarsky priemysel Slovenska nie je vo vyrobe mustového hrozna ako vstupnej
suroviny sebestacny (Rogovskd, 2018). Napriek tejto skutoCnosti ziskavaji
slovenské vina, po roku 1989, ocenenia a prestiz v medzinarodnej konkurencii,
ked’ze otvorenie sa svetu umoznilo mlad$ej a modernej generacii vinarov ziskat
mnozstvo novych poznatkov, technik a vyrobnych postupov v zahranici.
Vzhl'adom na charakter vinohradnictva v podmienkach Slovenska sa preto vinari
Coraz viac orientuju na produkciu zameranti na kvalitu namiesto kvantity. To Si
vyZzaduje okrem modernych technologickych postupov, najnovsich vedomosti,
marketingovych aktivit aj zvladnutie technik precizneho pol'nohospodarstva, ¢o v
tomto pripade znamend presna a aktudlna databaza vinohradnickych ploch a
samozrejme aj aktualne informacie o terroire, ktory predstavuje suhrn prirodnych a
Pudskych faktorov, ktoré davaji vinu jeho jedine¢ny charakter (Karlik a kol.,
2017).

Vinarsky turizmus je v sGcCasnosti povazovany za vyznamny nastroj
regionalneho rozvoja, ktory podporuje tvorbu pracovnych miest, zvySuje
atraktivitu vidieckych oblasti a prispieva k zachovaniu miestnych tradicii a
identity. Jeho rozvoj je podmieneny kvalitou vinarskej produkcie, existenciou
vhodnej turistickej infraStruktiry, marketingom destindcie a spolupracou
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jednotlivych aktérov vuzemi (Némethova, Civan, 2018). Vinarsky turizmus
predstavuje  Specificki  formu cestovného ruchu zaloZzen na navsteve
vinohradnickych oblasti jej vinic, vinarstiev, vinnych pivnic a stivisiacich podujati
s cielom spoznavania vinohradnickej krajiny, vyroby vina, regionalnej kultiry a
degustacie vin. Hall et al. (2000) vinarsky turizmus definuju ako navstevu vinic,
vinarstiev, vinnych festivalov a vinarskych vystav, pri ktorych su ochutnavka
hroznového vina a spoznavanie atributov hroznového vina hlavnymi motiva¢nymi
faktormi navstevnikov. Bruwer (2003) uvadza, Ze vinarsky turizmus je formou
cestovného ruchu so Specidlnym zameranim. Ide o segment zazitkového a
gastronomického cestovného ruchu, ktory prepéja pol'nohospodarsku produkciu,
kultarne dedicstvo a turistické aktivity, pricom vyznamne prispieva k diverzifikacii
vidieckej ekonomiky. Hunter (2017) vinarsky turizmus chape ako navstevu
vinohradov, vinarstiev, vindrskych festivalov a vindrskych vystav za tcelom
rekredcie. Tato definicia zdoraziuje, ze aktivita je uréena na rekreacné ucely.
Matlovi¢ova a kol. (2015) vinny turizmus (enoturizmus) radia medzi najstarSie a
zaroven najrozsirenejSie subvarianty kulinarskeho turizmu. Tvrdia, Ze turistické
navstevy vinohradov maji v Europe dlhu tradiciu, pricom sucastou
organizovaného turizmu su prakticky uz od ¢ias Grand Tours, ale ich prvopociatky
siahaju pravdepodobne este hlbsie do historie a to do obdobia antického Grécka a
Rima avS$ak navsteva vinohradnickych oblasti za i¢elom degustovania uslachtilych
odrdd vina sa datuje az od polovice 19. storo¢ia. Podl'a Jezierskej-Thole et al.
(2025) vinarska turistika je znama aj ako enoturistika (z gréckeho oinos — vino), je
od zaciatku 21. storocia ddlezitym a rychlo rastucim odvetvim cestovného ruchu.
Ma osobitny vyznam vo vidieckych oblastiach, okrajovo umiestnenych vo vztahu
k velkym mestskym centrdm a charakterizovanych nizkou uroviiou socialno-
ekonomického rozvoja. Vyroba vina a stivisiaca vinarska turistika mézu prispiet’ k
vytvaraniu novych pracovnych miest, znizovaniu odlivu mladych Tudi a
zvySovaniu prijmov vidieckeho obyvatel'stva. Podla autorov Trigo, Silva (2022)
vinarska turistika je zazitkova turisticka aktivita, ktora spaja vino, jedlo, kultiru a
zazitok z vina a spdsobu jeho vyroby, a ma obrovsky potencidl pre vinarske
oblasti.

Vyznamna cast’ dat, ktoré sme v prispevku spracovali a analyzovali
pochadzala z databaz Ustredny kontrolny a skuSobny ustav polnohospodarsky
(UKSUP) a Statisticky trad Slovenskej republiky (SU SR). Klu¢ova vyskumni
metodu predstavoval terénny vyskum, ktory umoznil ziskanie udajov priamo v
skimanom tzemi. Kartografické vystupy boli spracované v softvérovom prostredi
ArcGIS 10.2. Pri interpretacii skimanej problematiky a syntéze poznatkov z
odbornej literatiry bola aplikovana metoda vysvetl'ujuceho opisu. Ziskané udaje
boli nasledne spracované pomocou Statistickych metdd, pricom vysledky boli
prezentované prostrednictvom grafickych vystupov. Na systematizaciu a logické
usporiadanie ziskanych poznatkov bola vyuzita systémova metoda.
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Charakteristika vinohradnickej oblasti

Vinohradnicke obce zregionu juzného Slovenska sa tiahnu od hranic
s Mad’arskom — z miest v okoli Sturova, kde sa vlievaju rieky Hron a Ipel’ do
Dunaja apokracuju dalej cez urodné vinohradnicke pahorkatiny s juzne
orientovanymi vinohradmi v okoli Muzle, Belej, Gbeliec, Svodina, d’alej cez Novi
Viesku, Strekov, Rubaii, Dvory nad Zitavou az po Nové Zamky a okolie a druhym
smerom na Bu¢, Batorove Kosihy, Modrany, Svity Peter, Hurbanovo az po
Komérno. Zaujimavé vinohradnicke obce sa nachiddzaji aj v oblasti Zitného
ostrova — Samorin, Dunajskd Streda aokolie. Vroku 2024 bola vymera
zaregistrovanych vinohradov v tejto oblasti 3 870 ha, ¢o ju rozlohou vinohradov
zarad’uje na druhé miesto po Malokarpatskej vinohradnickej oblasti S vymerou
vinohradov 3 878 ha (UKSUP, 2026a).

Jedineénost’ tejto vinohradnickej oblasti spociva v dostatku tepla a maxima
slne¢ného svitu, ktoré ju preduruji na dopestovanie hrozna s najvysSou
cukornatost'ou a na vyrobu vin vynimo¢nej kvality. Je najteplejSou oblastou na
Slovensku so suchym podnebim a miernymi zimami. Rozprestiera sa
v najteplejSich lokalitach Podunajskej niziny s mierne zvlnenym terénom a na Gpéti
nizkych pahorkatin. Juznoslovenska vinohradnicka oblast’ sa rozdel'uje na zaklade
vhodnosti prirodnych podmienok pre pestovanie vini¢a na dve odlisné podoblasti —
zapadnu a vychodnu (Lipka a kol., 2006). Zapadna Cast’, hlavne v okoli mesta
Dunajska Streda, sa rozprestiera na fluvialnych sedimentoch Dunaja a poskytuje
podmienky predovSetkym vhodné na produkciu vin nizSej kvality. Do tejto
zapadnej Casti patria tri rajony — Dunajskostredsky, Samorinsky a Galantsky (mapa
1). Vychodna cast, hlavne severne, severozapadne a severovychodne od mesta
Starovo poskytuje vhodné podmienky na dopestovanie odréd naroénych na teplo a
slneCny svit. Vinice su vysadené na kvalitnych spraSovych pahorkatinach
Podunajskej niziny. Tato Cast’ je tvorena piatimi vinohradnickymi rajonmi —
Palarikovskym, Komériianskym, Hurbanovskym, Strekovskym a Starovskym
(vino.sk, 2026).

V sortimente odrod prevladaju odrody najmé Rizling vlassky a Rizling
rynsky, d’alej pre hlboké pody s typické Silvanske zelené a Tramin cerveny,
z modrych odréd Frankovka modra. Pestovanie novych slovenskych odrdod vinica
hroznorodého, ako aj d’alsich novoslachtencov, je typické najmi pre Strekovsky
a Stirovsky rajon, kde sa nachadzajti nielen vo viésich vysadbach, ale i v mensich
pridomovych viniciach. Zname odrody st Devin, Dunaj, Breslava, Aromina,
Hetera, Nitra, Vah, Hron a mnohé d’alSie. Juznoslovensky vinohradnicky rajon ma
eSte jedno Specifikum a tym su stolové odrody, ktorym sa tu dobre dari (Lipka
a kol., 2006).
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Mapa 1: Rajonizécia Juznoslovenskej vinohradnickej oblasti
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Zdroj: UKSUP, 2023a, spracované v ArcsGIS 10.2

Vinohradnicke a vinarske spolky a organizacie pésobiace vo vinohradnickej
oblasti

V Juznoslovenskej vinohradnickej oblasti posobia Styri organizacie, resp.
spolky tohto charakteru: Obcianske zdruzenie SZEGAB (obr. 1) bolo zalozené
sikromnymi osobami v roku 2003 v Batorovych Kosihdch. Ciel'mi ob¢ianskeho
zdruzenia je zachovat’ miestne tradicie pestovania hrozna a vyroby vina;
organizovat’ sttaze a prednasky; podporit’ vinarsky turizmus v tomto regione
(batorovekosihy.sk, 2026). Spolok vinohradnikov a vinarov Strekov (obr. 2) je to
miestny vinohradnicky a vinarsky spolok (zaujmové zdruzenie), ktorého ¢lenmi je
22 vinarstiev. Usporadiivaju najmé podujatie Strekovské otvorené pivnice a rozne
mensie podujatia, na ktorych sa spolupodielaju vinarstva z obce Strekov.
Zameriavaju sa na zdruzovanie miestnych vinarov, vymenu skusenosti a poznatkov
0 pestovani hrozna a vyrobe vin a ide im predovsetkym o reprezentaciu vinarskeho
regionu (viavinum.strekov.sk, 2026). Spolok vinarov svitého Urbana vo Svitom
Petre (obr. 3) je zdruzenie pestovatel'ov vini¢a a vyrobcov vin. Sanctus Urbanus je
komunita, kde sa stretavaji vinohradnici a milovnici vina, aby spoloc¢ne udrziavali
tradicie vinarstva vo Svitom Petre. Hlavnou tlohou zdruzenia je d’al§i rozvoj
pestovania hrozna avinarstva na urovni sucasnych odbornych poznatkov
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(vinarisvatypeter.sk, 2026). Dalou organizaciou je obé&ianske zdruzenie Udolie 3
riek - 3 folyo volgye (obr. 4). Je to regidn, ktory sa nachadza medzi rickami Dunaj,
Hron a Ipel, ktory je vyznamny uz od stredoveku najmi svojou mikroklimou
ovplyvnenou blizkostou troch riek a vulkanickym podlozim (vilagiwinery.sk,
2026).

Obr. 1: Logo Ob¢ianskeho zdruzenia Obr. 2: Logo Spolku vinohradnikov
SZEGAB a vinarov Strekov

'~ BATOROVE KOSIHY ™%

Zdroj: facebook.com, 2026a Zdroj: facebook.com, 2026b

Obr. 3: Logo Spolku vinarov svitého Obr. 4: Logo zdruzenia Udolie troch
Urbana vo Svidtom Petre riek

' @
SZENT ORBAN /
BOROSGAZDAK TARSULASA
SZENTPETEREN
Zdroj: vinarisvatypeter.sk Zdroj: facebook.com, 2026¢

Podujatia vinarskeho turizmu organizované vo vinohradnickej oblasti

Najznamejsie podujatia vinarskeho turizmu, ktoré sa kazdoroc¢ne organizuji
v JuZnoslovanskej vinohradnickej oblasti si napr. podujatie Nevinne o vine
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Vv Novych Zamkoch je to degustacia vin, ktord sa konala 28. 3. 2026, bola
organizovana obéianskym zdruZzenim Nevinne o vine; Dni vina Bdtorove Kosihy je
verejna degustacia vin v obci Batorove Kosihy, ktoré 11. 4. 2026 organizovalo
obcianske zdruzenie Szegab; velkym podujatim bol Festival vin vo vinohradoch
v Batorovych Kosihach, ktory sa konal 8. — 9. 5. 2026, ide uz o 18. ro¢nik tohto
vinarskeho podujatia, organizuje ho obéianske zdruZenie Szegab; Vinne korzo vo
Svitom Petre je verejna ochutnavka vin, ktora sa konala vo Svdtom Petre 23. 5.
2026 a organizuje ju Spolok vinarov svdtého Urbana vo Svitom Petre; Strekovské
otvorené pivnice (obr. 5) je podujatie, ktoré sa kona vo vinohradoch v obci Strekov
je naplanované na 18. 7. 2026, organizatorom tohto podujatia je Spolok
vinohradnikov a vinarov — Strekov; Festival Pomlé (obr. 6) uzavrie letné prazdniny
Vv termine 28. — 29. 8. 2026 v meste Samorin, ktoré je aj organizatorom tohto
podujatia (vinari.sk, 2026).

Obr. 5: Plagat podujatia Strekovské Obr. 6: Plagat Festivalu Pomlé v roku
otvorené pivnice v roku 2026 2025
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Zdroj: strekov.sk, 026 Zdroj: kdeco.sk, 2026

Vysledky terénneho vyskumu
Metodika vyskumu

Sucastou terénneho vyskumu bol dotaznikovy vyskum zamerany na
vinarske subjekty, scielom ziskat, o najviac poznatkov o sledovanej
vinohradnickej oblasti. Celkovy pocet vyrobcov vinarskych produktov
v Juznoslovenskej vinohradnickej oblasti bol k 9. 3. 2026 spolu 151 subjektov
(UKSUP, 2026b). Dotaznikovy vyskum bol realizovany v obdobi od 20. 1. 2026
do 17. 3. 2026. Pomocou evidencie vinohradnickeho registra vedenym
a spracovanym Ustrednym kontrolnym a skugobnym tstavom polnohospodarskym
sme oslovili vinohradnikov a vindrov tejto vinohradnickej oblasti. Osobne
apisomne sme oslovili 40 vinohradnikov a vindrov z Juznoslovenskej
vinohradnickej oblasti. Informacie sme ziskali od 24 vinarskych subjektov, Co
predstavuje navratnost 60 %. Dotaznik sme vytvorili v dvoch jazykovych
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variantoch, okrem slovenskej verzie sme si pripravili aj mad’arska verziu, nakol’ko
vel'ka cast’ vinarov z tejto oblasti komunikuje viac mad’arsky. Z 24 dotaznikov sme
mali az 11 vyplnenych prave v mad’arskom jazyku. Zo subjektov, ktoré nam
odpovedali na dotaznik bolo 14 spolo¢nosti s ru¢enim obmedzenym, 2 druzstva, 6
fyzickych osob a 2 akciové spolocnosti. Tri vinarske subjekty boli z Galantského
vinohradnickeho rajonu, 6 vinarskych subjektov z Hurbanovského rajonu, 1
vinarsky subjekt bol z Komarnanského rajonu, 2 vinarske subjekty patrili do
Palarikovského rajonu, 8 vinarskych subjektov bolo zo Strekovského rajonu a 4
vinarske subjekty boli zo Sturovského vinohradnickeho rajonu.

Spracovanie vysledkov dotaznikového vyskumu

Dotaznikovy vyskum bol zamerany na 23 otazok, pricom forma odpovedi
bola rézna. Dotaznik obsahoval otvorené aj uzavreté otazky s vopred definovanymi
moznostami odpovedi. V otazke 1 bolo treba uviest nazov a sidlo vindrskeho
subjektu. Nakolko nie vSetky subjekty uviedli adresu sidla museli sme si ju
vyhladat v databaze registrovanych vinarskych subjektov  z Ustredného
kontrolné¢ho a skisobného ustavu pol'nohospodarskeho, ktory spracuva databazu
vinarskych subjektov Slovenska. Otazka 2 bola zamerana na rok vzniku vinarskeho
subjektu. Stretli sme sa tu s velkym ¢asovym rozptylom vzniku jednotlivych
vinarskych subjektov, najstars$i podnik uviedol ako rok vzniku rok 1958 a najnovsi
vznik podniku sa datuje do roku 2022, priCom najvyssi pocet novovzniknutych
podnikov bol vroku 2010. V otazke 3 mali vinarske subjekty oznalit’ spravny
interval vymery vinic, ktora obhospodarovali kroku 2025. NajcastejsSie
oznacovanym intervalom bolo 6 — 10 ha, priCom tento interval oznacilo 9
vinarskych subjektov. Vo vinohradnickej oblasti posobia aj dva vinarske subjekty,
ktoré obhospodaruju viac ako 51 ha, ¢o bol najvyssi nami poskytnuty interval. Na
opacnej strane 4 vinarske subjekty uviedli, Ze neobhospodaruji Ziadne vinice.
Otazka 4 sa tykala predaja vin, ktoré vinarstva vyrabaja, resp. akym spésobom
prebicha tento predaj, mali moznost volby viacerych odpovedi. Najviac
zastipenou bola odpoved’, Ze predaj prebicha najma privatnym klientom a firmam,
uvedent moznost’ si vybralo 15 vinarskych subjektov. Druha najcastejsia odpoved
bola, ze predaj uskutoéniuji vo vinotékach a tito odpoved” zvolilo 13 vinarskych
subjektov. Jedenast subjektov oznaCilo moznost’ predaj vin v reStauraciach.
Najmenej vinarskych subjektov uviedlo predaj do velkoobchodov pricom tuto
moznost’ oznacili 4 vinarske subjekty. Niektoré subjekty uvadzali aj predaj vin vo
vlastnych predajniach. V otazke 5 sme sa pytali aka Cast’ produkcie je predavana
priamo Vv mieste sidla vinarstva (graf 1). Respondentom boli poskytnuté
percentualne intervaly na vyjadrenie odpovede, pricom najcastejSie bol zvoleny
interval 21 — 40 %, ktory oznacilo 10 vinarskych subjektov. Najmenej po dve
odpovede maju intervaly 41 — 60 % a81 — 100 %. Otazka 6 bola zamerana na
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vnimanie dolezitosti vinarskeho turizmu pre ich podnik (graf 2). Bola to otazka,
kde sa dalo oznadit' viacero odpovedi, ¢o respondenti aj vyuzili. Najviac
oznacovana bola moznost, Ze vinarsky turizmus je dolezity najmé pre propagaciu
vin a podniku, tito moznost’ oznacilo az 20 vinarskych subjektov. Osemndst
vinarskych subjektov oznacilo moznosti, Ze vinarsky turizmus je dolezity pre zisk
novych odberatelov vin apre odbyt vin. DOdlezity je aj financny zarobok
z vinarskeho podujatia a to pre 17 vinarskych subjektov. Naopak jeden subjekt
uviedol, Zze vinarsky turizmus nepovazuju za dolezity.

Graf 1: Odpovede vinarskych subjektov — percentualny predaj vin priamo v mieste
vinarstva

0-20% 5(217 %)
21-40% 10 (43,5 %)
41-60 % 2(8,7 %)
61-80% 4(174%)
81-100% 2(87 %)
0 2 4 6 8 10

Zdroj: dotaznikovy vyskum, 2026

Graf 2: Odpovede vinarskych subjektov — dolezitost’ vinarskeho turizmu pre
vinarstvo

zisk novych odberatelov vin 18 (75 %)
finanény zarobok z vinarskeho... 17 (70,8 %)
propagacia vin a padniku 20 (83,3 %)
odbyt vin 18 (75 %)
spolupraca s inymi vinarstvami... 9 (37,5 %)
ziskavanie novych skisenosti . 8(333%)
vymiefianie a porovnavanie odr... 3 (12,5 %)
vinarsky turizmus nepovazujem... 1(4,2 %)
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Zdroj: dotaznikovy vyskum, 2026

Vinarske subjekty mali votizke 7 uviest ¢&i je podnik stcastou
vinohradnickeho alebo vinarskeho zdruZenia, spolku, cechu a pod. Medzi
najCastejSie uvadzané vinarske zdruzenia patrili Cech vinohradnikov a vinarov
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Slovenska, Obcianske zdruzenie mad’arskych vinarov na Slovensku a Zviz
vinohradnikov a vinarov Slovenska. Na tuto otdzku nadvidzovala otazka 8,
prostrednictvom ktorej sme zist'ovali, ¢i je vinarsky subjekt zapojeny do niektorej z
vinnych ciest. V pripade kladnej odpovede boli respondenti poziadani o uvedenie
presného nazvu prislusnej vinnej cesty. Vacésina vinarskych subjektov uviedla, Ze
nie su sucastou ziadnej vinnej cesty. Ale napriek tomu niekol’ko vinnych ciest sa tu
nachadza, konkrétne respondenti uvadzali Vinnu cestu Muzla, Podunajsku vinnu
cestu a Svitopeterskl vinnu cestu. Ide o vinne cesty, lokalneho charakteru, ktoré
organizuju vybrané vinarstva regionu. V otazke 9 oznacCovali vinarske subjekty,
ktoré podujatia organizuji v ramci vinarskeho turizmu. V tejto otazke mali
moznost’ volby viacerych odpovedi a taktiez bola moznost’ uviest’ aj iné podujatie,
ktoré nebolo v dotazniku uvedené. Az 21 subjektov uviedlo, Ze organizuju
degustacie vin adni otvorenych dveri, resp. pivnic organizuje 11 vinarskych
subjektov. Vel'mi oblibenym podujatim je aj usporiadanie letného pikniku vo
vinohradoch, ktoré organizuje az 8 vinarskych subjektov. Otazka 10 sa tykala
poctu navstevnikov, ktoré vinarstva pocas roka privitaju (graf 3). Opat boli na
vyber nami zostavené intervaly navStevnosti vinarstiev. Pricom az 11 vinarstiev
uviedlo, ze celkovy pocet navstevnikov za rok je do 300 I'udi. A len jeden vinarsky
subjekt navstivi za rok viac ako 1 500 navstevnikov.

Graf 3: Odpovede vinarskych subjektov — ro¢na navstevnost’ vinarstva

do 300 11 (45,8 %)
300 - 600 7 (292 %)
600 - 900 2(8,3%)

900 - 1200 3(12,5 %)

1200 - 1500 0 (0 %)

viac ako 1500 1 (4,2 %)

0,0 25 5,0 75 10,0 12,5
Zdroj: dotaznikovy vyskum, 2026

Otazka 11 nadvédzovala na predchadzajticu a pytali sme sa aka je sezonnost
navstevnikov vo vinarstvach (graf 4). Jedenast' vinarskych subjektov odpovedalo,
ze vacsina navstevnikov prichadza najmé v letnych mesiacoch a ten isty pocet
vinarskych subjektov oznacilo moznost’ — celoro¢ne vyrovnana navstevnost.

Graf 4: Odpovede vinarskych subjektov — sezéonnost’ navstevnikov
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Celoroéne 'vy'rovnana 11 (45,8 %)
navitevnost
Vacsina navitev je v letnych 11 (45,8 %)
mesiach
Vaésina navstev je potas

o
vinobrania 3(12,5 %)

nemame Ziadnych navitevnikov 1(4,2 %)

od maja do oktdbra 1(4,2 %)

0,0 25 50 7.5 10,0 12,5

Zdroj: dotaznikovy vyskum, 2026

Otazka 12 bola zamerand na marketingové ndastroje vyuzivané na
spolupracu vinarstva s regionalnymi organizaciami (graf 5). Respondenti mali
moznost’ oznacit’ viacero odpovedi. NajcastejSie vyuzivanym nastrojom propagacie
boli socidlne siete, pricom tito moznost’ uviedlo 20 vinarskych subjektov. Druhou
najfrekventovanejSou formou propagacie bola ucast’ na festivaloch a vel'trhoch,
ktort oznacilo 19 vinarskych subjektov.

Graf 5: Odpovede vinarskych subjektov — vyuzivané marketingové nastroje na
spolupracu s regionalnymi organizaciami

webova stranka 16 (66,7 %)
socidlne siete: 20(83,3 %)
spolupracu s regionalnymi orga.... 9 (37,5 %)
Gcast na festivaloch, veltrhoch 19 (79,2 %)
online rezervacné portaly 4 (16,7 %)

rozhlas, resp. lokalna televizia 2 (8,3 %)

e-shop 1(4,2 %)

0 5 10 15 20
Zdroj: dotaznikovy vyskum, 2026
V otdzka 13 mali vinarske subjekty oznacit ako hodnotia vyznam
vinarskeho turizmu pre ich podnikanie (graf 6). Na vyber boli 4 mozZnosti a najviac

zvolenou bola, ze je skor vyznamny v celkovom pocte 12 vinarskych subjektov.
Jeden subjekt oznacil, Ze je vinarsky turizmus pre ich podnikanie nevyznamny.
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Graf 6: Odpovede vinarskych subjektov — hodnotenie vyznamu vinarskeho turizmu

Velmi vwyznamny 7 (29,2 %)
Skér vyznamny 12 (50 %)
Menej vyznamny 5(20,8 %)
Nevyznamny 1(4.2 %)
0,0 25 50 7.5 10,0 12,5

Zdroj: dotaznikovy vyskum, 2026

V ¢om jednotlivé vinarske subjekty vidia hlavné prinosy vinarskeho turizmu
pre ich podnikanie sme skumali v otazke 14. Pontkli sme na vyber Styri moznosti
a taktieZ aj moznost’ uvedenia vlastnych prinosov. Znova vyber nebol obmedzeny iba
na jednu odpoved’, respondenti mali moznost’ vyberu viacerych moznosti. Najviac
bol oznaCovany prinos propagacie znacky vinarstva, ktord oznacilo 21 vinarskych
subjektov. Devétnast’ vinarskych subjektov oznacilo rozvoj regionu, osemnast
vinarskych subjektov oznacilo udrziavanie kontaktu so zdkaznikmi a 14 vinarskych
subjektov vnima prinos vinarskeho turizmu aj vo zvyseni predaja vin. Aké prekazky
rozvoja vinarskeho turizmu vnimaji vinarske subjekty Vv ich regione sme sa pytali
v otazke 15. Opit’ ako v predoslom pripade sme pontkli nami vytvorené prekazky
a dali moznost’ tvorby aj vlastnych prekdzok a moznost’ poétu vyberu odpovedi nebol
ohrani¢eny. Najcastej$ie vnimanou prekazkou je nedostato¢na infrastruktira regionu,
pri¢om tito moznost’ oznacilo 18 vinarskych subjektov. Nedostato¢nii podporu zo
strany $tatu ako prekazku rozvoja vinarskeho turizmu oznaéilo 17 vinarskych
subjektov. Ako menej vyznamné zponukanych prekdzok vnimali subjekty
administrativne prekazky, pricom tato moznost’ si zvolilo 8 vinarskych subjektov. V
otazka 16 nas zaujimalo aké ciel'ové skupiny navstevnikov do vinarstiev prichadzaju
najcastejSie. V grafe 7 mozeme pozorovat vsetky pontknuté cielové skupiny
anajviac odpovedi dostala skupina milovnikov vina a az 21 vinarskych subjektov
uviedlo prave tito moznost. Opdt to bola otazka, kde mali mozZnost vyberu
viacerych odpovedi. V otazke 17 oznaCovali vinarske subjekty podujatia, ktorych sa
ich vinarstvo zucastfiuje vramci vindrskeho turizmu. Vindrske subjekty mohli
oznacit' viacero podujati, ktorych sa zcastiuji pripadne mali moznost’ aj uviest
vlastné podujatia, ktoré sme neuviedli. Vinnych festivalov sa zucastiiuje 21
vinarskych subjektov, degustacii vin sa zucastiuje 20 subjektov a velmi Castym
podujatim, ktoré vinarske subjekty oznacovali bolo eSte dni otvorenych pivnic, resp.
dveri, konkrétne 16 vinarskych subjektov oznacilo aj toto podujatie.
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Graf 7: Odpovede vindrskych subjektov — najcastejSie cielové skupiny
navstevnikov vinarstva

domaci turisti 17 (70,8 %)
zahraniéni turisti 15 (62,5 %)

milovnici vina 21 (87,5 9%)

odbornici 10 (41,7 %)
rodiny s detmi 2(8,3 %)
firemni klienti 15 (62,5 %)
Ziadny 1{4,2 %)
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Zdroj: dotaznikovy vyskum, 2026

Slovné odpovede sme ocakavali v otazke 18, v ktorej sme pozadovali
od vinarskych subjektov, aby uviedli plany vinarstva do budtcnosti. Vel'mi ¢astou
bola odpoved, Ze sa budu snazit' hladat’ novych odberatel'ov vin, taktiez maja
Vv plane organizovat nové podujatia spojené s vindrskym turizmom, dalej
organizovat’ degustacie vin. Niekol'ko vinarskych subjektov uviedlo, ze by chceli
roz$irit' vymeru vinic, pripadne aj zalozit’ nové vinice. V zadmeroch do buducnosti
je aj propagacia vinarstva v zahrani¢i, ¢im by sa zvySil aj pocet novych
odberatelov zo zaujimavych krajin. Naopak v otazke 19 nas zaujimalo, aby sa
vinarske subjekty vratili pohl'adom spit’ do minulosti a uviedli nam aké plany sa
im podarilo zrealizovat za posledné dva roky. Viacerym subjektov sa podarilo
zvysit povedomie o vindrstve pomocou socidlnych sieti alebo zorganizovat’ nové
podujatia, ktoré pomohli vinarskemu turizmu v ich vinarstve. Niektoré vinarstva
dokonca uviedli, Ze sa im podarilo rozsirit’ plochu obhospodarovanych vinic. Co by
pomohlo rozvoju vinarskeho turizmu v regione sme sa pytali vinarskych subjektov
v otazke 20. Odpovede boli rozne, nakolko sme vinarstvam dali priestor na
vyjadrenie vlastnych nazorov bez poskytnutia nami vytvorenych odpovedi.
Objavovali sa odpovede ako Ilepsi marketing, Stitna podpora, zlepSenie
a vybudovanie infrastruktiry, vac¢sia komunikacia medzi vinarmi, zvySeny zaujem
zo strany Statu, uprava finanénych prispevkov a dotacii, resp. lepSie ich
prerozdelovat, v neposlednom rade by privitali aj vytvorenie vinnej cesty,
pripadne cyklotrasy, ktora by poprepajala jednotlivé vinarstva tohto regionu.

Pri odpovediach s jednou moznost'ou odpovede nas zaujimalo v otazke 21,
¢i by jednotlivé vinarske subjekty mali zaujem o spolupracu v ramci vinnej cesty,
resp. zdruzenia vinarov. VacSina opytanych by tento zdujem mala (16 vinarstiev;

69,6 %) (graf 8).
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Graf 8: Odpovede vinarskych subjektov — vyjadrenie zaujmu na spolupracu
V rdmci vinnej cesty, resp. zdruzenia vinarov

® Ano
® Nie
@ Zvézilla by som podfa podmienck

Zdroj: dotaznikovy vyskum, 2026

Dalsou s otdzok s uzatvorenou odpovedou bola otazka 22, v ktorej sme
zistovali ako vindrstva vnimaju perspektivu vinarskeho turizmu v regiéne pocas
nasledujucich 5 rokov. Graf 9 vyjadruje, Ze prevaha odpovedi, na ktorej sa zhodlo
11 vinarstiev (45,8 %) predpoklada stagnaciu vinarskeho turizmu. No na druhej
strane 8 vinarstiev (33,3 %) uviedlo mierny rast.

Graf 9: Odpovede vinarskych subjektov — vnimanie perspektivy vinarskeho
turizmu

® Vyrazny rast
@ Wierny rast
@ Stagnacia
® Pokles

Zdroj: dotaznikovy vyskum, 2026

V poslednej otazke 23 sme sa pytali na hodnotenie spoluprice medzi
vinarmi, obcami a vinarskymi organizaciami. V grafe 10 modZeme pozorovat
prevahu jednej odpovede az 14 vinarskych subjektov (58,3 %) odpovedalo na tito
otazku, Ze spolupraca je slaba.
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Graf 10: Odpovede vinarskych subjektov — hodnotenie spoluprace medzi vinarmi,
obcami a vinarskymi organizaciami
@ Velmi dobra
® Dobra
Slaba
® Ziadna

el
‘

Zdroj: dotaznikovy vyskum, 2026
Zaver

Na zéklade vyhodnotenia dotaznikového vyskumu realizovaného medzi 24
vinarskymi subjektmi pdsobiacimi v jednotlivych vinohradnickych rajonoch
Juznoslovenskej vinohradnickej oblasti boli identifikované viaceré vyznamné
zistenia charakterizujuce stiCasny stav vinohradnictva, vinarstva a vinarskeho turizmu
v regione. Z hladiska historického vyvoja skimanych podnikov bol najstarsi
vinarsky subjekt zaloZzeny v roku 1958, zatial’ ¢o najmladsi vznikol v roku 2022, ¢o
poukazuje na existenciu etablovanych vinarstiev aj novych podnikatel'skych
subjektov vstupujucich na trh s vinom. Najcastejsie zastupenou kategoriou z pohl'adu
vymery obhospodarovanych vinic boli vinarstva s rozlohou 6 az 10 hektarov, pricom
tito moznost’ uviedlo devat respondentov. V oblasti odbytu produkcie dominoval
predaj vina privatnym zakaznikom a firemnym klientom, ¢o potvrdilo 15 vinarskych
subjektov. Priamy predaj v priestoroch vinarstva predstavuje vyznamny distribu¢ny
kanal, pricom desat’ respondentov uviedlo, Zze tymto spésobom realizuji 21 az 40 %
svojej celkovej produkcie vina. Vysledky vyskumu zaroven potvrdili vyznam
vinarskeho turizmu pre rozvoj samotnych vinarstiev. Az 20 vinarstiev oznacilo za
jeho najdélezitejsi prinos moznost’ propagacie vlastnych vin a budovania povedomia
o znacke vinarstva. Vacsina skiimanych subjektov je zaroven zapojena do réznych
vinohradnickych zdruzeni, spolkov a cechov, pricom najcastejSie zastipenou
organizaciou bolo Ob¢ianske zdruzenie Udolie 3 riek. V ramci aktivit vinarskeho
turizmu organizuje degustacie vin 21 z 24 oslovenych vinarskych subjektov. Rocna
navstevnost’ vinarstiev sa najcastejSie pohybuje do 300 navstevnikov, priCcom tuto
hodnotu uviedlo 11 respondentov. Z pohl'adu sezonnosti navstevnosti boli vysledky
vyrovnané, jedendst’ vindrstiev zaznamenava rovnomernu navstevnost’ pocas celého
roka a rovnaky pocet respondentov uviedol koncentraciu navstev vindrstiev najmi
pocas letnych mesiacov. Marketingova komunikacia vinarstiev je vo vyraznej miere
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zaloZena na vyuzivani socialnych sieti, ktoré ako najddlezitejsi marketingovy néstroj
oznacilo 20 respondentov. Vinarsky turizmus povazuje za skor vyznamny faktor
svojho podnikania 12 vinarskych subjektov, pricom za jeho najvacsi prinos oznacuju
najmé zvySovanie povedomia o znacke a propagaciu vinarstva. Za najvyznamnejsiu
prekazku rozvoja vinarskeho turizmu respondenti oznacili nedostato¢ne rozvinuti
regionalnu infrastruktGru. Hlavna cielova skupinu navstevnikov  tvoria
predovsetkym milovnici a nadSenci vina, ktori pravidelne navStevuji vinarstva
regionu. Z hladiska ucasti na podujatiach sa vinarske subjekty najcastejSie zapajaju
do vinnych festivalov, pricom tiito formu prezentacie uviedlo az 21 respondentov. Za
respondenti najmé realizadciu novych vinarskych podujati a zvySenie povedomia o
svojom vinarstve prostrednictvom marketingovych aktivit na socidlnych sietach.
Pozitivanym zistenim je, Ze 16 vinarskych subjektov deklarovalo zdujem o spolupracu
v ramci potencialne vytvorenej vinnej cesty alebo spolo¢ného zdruZzenia vinarov. Na
druhej strane, 11 respondentov predpoklada v najbliz§ich rokoch stagnaciu rozvoja
vinarskeho turizmu a 14 vinarskych subjektov vnima sucasnu spolupracu medzi
vinarmi, obcami a organizaciami posobiacimi v oblasti cestovného ruchu ako
nedostato¢nul.

Respondenti sa zaroven zhodli, ze d’alSiemu rozvoju vinarskeho turizmu Vv
Juznoslovenskej  vinohradnickej  oblasti by napomohlo  zefektivnenie
marketingovych aktivit, vy$S$ia miera S$tatnej podpory, zlepSenie dopravnej a
turistickej infrastruktary, ako aj intenzivnejSia komunikacia a spolupraca medzi
jednotlivymi vinarmi vo forme spolo¢ného marketingu, organizovania spolo¢nych
podujati a degustacnych akcii, vytvarania spolo¢nych vinarskych tras, prepojenia
cyklotras medzi vinarstvami, zdielania skusenosti a budovania spolocnej
regionalnej znacky. Celkovo mozno konstatovat,, Ze vinarsky turizmus predstavuje
pre vinarske subjekty Juznoslovenskej vinohradnickej oblasti vyznamny nastroj
marketingu a rozvoja podnikania. Jeho dals§i rozvoj vSak bude podmieneny
predovSetkym posilnenim vzajomnej spoluprace vinarstiev a efektivnejSou
propagaciou regionu ako atraktivnej vinarsko-turistickej destinacie.
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THE SOUTH SLOVAKIA WINE-GROWING REGION - RESULTS OF
FIELD RESEARCH IN VITICULTURE, WINEMAKING, AND WINE
TOURISM

Summary

Based on the evaluation of the questionnaire survey conducted among 24
wine-producing enterprises operating in the individual vineyard districts of the
South Slovak Wine-Growing Region, several significant findings were identified
that characterise the current state of viticulture, winemaking, and wine tourism in
the region. From the perspective of the historical development of the surveyed
enterprises, the oldest winery was established in 1958, while the youngest was
founded in 2022, indicating the coexistence of long-established wineries alongside
new businesses entering the wine market. The most frequently represented
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category in terms of vineyard area comprised wineries cultivating between 6 and
10 hectares of vineyards, with nine respondents selecting this option. Regarding
sales channels, the sale of wine to private customers and corporate clients was the
dominant form of distribution, as confirmed by 15 wineries. Direct sales at winery
premises represent an important distribution channel, with ten respondents stating
that between 21% and 40% of their total wine production is sold in this manner.
The research findings also confirmed the importance of wine tourism for the
development of wineries themselves. As many as 20 wineries identified the
promotion of their wines and the enhancement of winery brand awareness as its
most significant benefit. At the same time, the majority of the surveyed enterprises
are members of various wine-growing associations, societies, and guilds, with the
Civic Association Valley of Three Rivers being the most frequently represented
organisation. Within the scope of wine tourism activities, 21 of the 24 surveyed
wineries organise wine tastings. Annual visitor numbers most commonly remain
below 300 visitors, as reported by 11 respondents. In terms of seasonality, the
results were evenly balanced: eleven wineries experience a steady flow of visitors
throughout the year, while an equal number reported that visits are concentrated
primarily during the summer months. The marketing communication of wineries
relies heavily on social media, which was identified as the most important
marketing tool by 20 respondents. Wine tourism is considered a rather significant
factor in business operations by 12 wineries, which regard increased brand
awareness and winery promotion as its greatest benefits. Respondents identified
insufficiently developed regional infrastructure as the most significant obstacle to
the further development of wine tourism. The principal target group of visitors
consists primarily of wine enthusiasts and connoisseurs who regularly visit
wineries within the region. In terms of participation in events, wineries are most
frequently involved in wine festivals, with as many as 21 respondents indicating
this form of presentation. The greatest achievements accomplished during the past
two years were identified by respondents as the organisation of new wine-related
events and increased awareness of their wineries through marketing activities on
social media platforms. A positive finding is that 16 wineries expressed interest in
cooperation within a potential wine route or a joint association of winemakers. On
the other hand, 11 respondents anticipate stagnation in the development of wine
tourism in the coming years, and 14 wineries perceive the current level of
cooperation among winemakers, municipalities, and tourism organisations as
insufficient.

Respondents also agreed that the further development of wine tourism in the
South Slovak Wine-Growing Region would be supported by more effective
marketing activities, a higher level of state support, improvements in transport and
tourism infrastructure, and more intensive communication and cooperation among
individual winemakers. Such cooperation could take the form of joint marketing
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initiatives, the organisation of shared events and tasting activities, the creation of
common wine routes, the interconnection of cycling routes between wineries, the
sharing of knowledge and experience, and the development of a common regional
brand. Overall, it can be concluded that wine tourism represents an important
marketing and business development tool for wineries in the South Slovak Wine-
Growing Region. However, its future development will depend primarily on
strengthening cooperation among wineries and on the more effective promotion of
the region as an attractive wine tourism destination.
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POVODNOVE RIZIKO V PLANOVANYCH PRIEMYSELNYCH
AREALOCH V BLIZKOSTI RIEKY HRON

Adam Caplak, Henrich Grezo
Abstract

Flood risk represents a significant factor influencing spatial planning,
particularly in areas with intensive industrial development. The aim of this paper
is to assess the potential threat to planned industrial zones in the vicinity of the
Hron River and the town of Ziar nad Hronom under a simulated 100-year flood
discharge Qoo (980 m%/s). The research focuses on the territory of the Banska
Bystrica Region, specifically on the cadastral areas of Dolnd Trndvka, Horné
Opatovce, Ladomer, Lovéa, Vieska, and Ziar nad Hronom. Hydrodynamic
modelling was carried out using the MIKE+ software in combination with a digital
elevation model (DEM) DMR 5.0 with a spatial resolution of 1 m. The modelling
was performed in a 2D environment using an unstructured triangular mesh and
calibrated using Manning’s roughness coefficient. The findings indicate a high
level of flood risk and highlight the necessity of incorporating hydrological risks
into the process of spatial and urban planning.

Keywords: flood, Hron, industry area, MIKE+
Uvod

Povodnové riziko je kombinacia pravdepodobnosti vyskytu povodne a jej
potencialnych nepriaznivych désledkov na Tudské zdravie, zivotné prostredie,
kultirne dedi¢stvo a na hospodarsku ¢innost’ (Zakon ¢. 7/2010 Z. z., 2024).

Problematika povodni a minimalizacie povodiovych §kod je aktualnou
témou, ktorti je potrebné riesit vzhladom na Coraz castejsi vyskyt niCivych
povodni (Vojtek, Boltiziar, 2011). V roku 2020 bolo zaznamenanych 119 dni s
vyskytom 1. az III. stupiia povodiiovych aktivit, 2013 to bolo 140 dni a v roku 2010
az 282 dni (SOSZPSR, 2020). K ochrane pred povodiami je nevyhnutné
pristupovat ako k sucasti integrovaného manazmentu prirodzenych procesov a
antropogénnych ¢innosti v povodiach riek (MINZP 1, 2024).

Planovaci proces manazmentu povodiovych rizik pozostava z predbezného
hodnotenia povodnového rizika, zo spracovania map povodnového ohrozenia a
map povodiového rizika, zo spracovania planov manazmentu povodnového rizika
a z naslednej realizicie vhodnych opatreni (SOSZPSR, 2020). Ochrana pred
povodiiami je nekoneény proces, ¢o sa v sulade s cyklom manazmentu
povodiiovych rizik predpokladd priamo v smernici 2007/60/ES, ktora ustanovuje,
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ze predbezné hodnotenie povodiiového rizika, povodiiové mapy a plany
manazmentu sa musia prehodnotit a podla potrieb aktualizovat’ pravidelne
kazdych Sest’ rokov. Len takto sa bude dat’ v buducnosti dosiahnut’, aby sa systémy
ochrany pred povodinami priebezne zdokonalovali v sulade s aktudlnymi
poznatkami o realnych povodiiovych rizikach (MINZP 1, 2024).

Stredné Slovensko ma najvyssi potencial rieénych povodni, tieto oblasti
maju velmi nizke alebo nizke hodnoty priepustnosti hornin, vysoké hodnoty
priemerného roéného maxima 5-diiovych zrazok, vyssiu hustotu riek, typy podnej
textury s nizSou infiltraciou ako aj relativne vysoky pocet povodinovych udalosti
(Vojtek a kol., 2022). Vysledky autorov Zeletidkova a kol. (2025) ukazali Ze
rozmery rieky Hron pre dané povodie su dostatocné len na bezpecny prenos
jednorocnej Spickovej hodnoty prietoku. Ich vystupy ukazali, Ze Studovana oblast
(Ziar nad Hronom — rieka Hron) nie je bezpetna v pripade desatroéného
maximalneho prietoku ariziko povodni dosiahne najvy$Siu Uroven v pripade
storo¢ného maximalneho prietoku.

V ramci nasho vyskumu sme sa zamerali na simulaciu 100-ro¢ného prietoku
(980 m3/s) v blizkosti rieky Hron a mesta Ziar nad Hronom. Pri¢om sme po¢itali
mozny rozsah povodne (zo simulacie), ktory by zasiahol planované priemyselné
arealy v komplexnom urbanistickom navrhu.

Teoreticko-metodické vychodiska

Na ucely modelovania prezentovaného v tomto clanku bol vyuzity
softvérovy nastroj MIKE+. Prvym krokom pri zostavovani modelu bola
digitalizacia rieCnej siete na zéaklade topografickej zakladnej mapy a udajov
digitalneho modelu reliéfu (DMR). V sulade s metodikou hydraulického
modelovania bol smer pridenia v riecnej sieti definovany ako pozitivny (Tehrani et
al., 2020). Riecna siet’ urena pre modelovanie v prostredi MIKE+ bola vytvorena
pomocou nastrojov geografického informaéného systému QGIS. KIta¢ovym
vstupnym dajom bol digitalny model relié¢fu, ktory umoznil detailnt reprezentaciu
morfoldgie izemia a identifikaciu hydrologickych charakteristik vodnych tokov.
Tento model pomohol vytvorit’ rie¢nu siet’ s cielom minimalizovat’ nepresnosti,
ktoré by mohli ovplyvnit’ simulacie.

Parametre riecnej siete ako smer a sklony boli najskér vytvorené v softvéri
QGIS a nasledne bol digitalny model reliéfu importovany do MIKE+, kde posluzil
ako zaklad pre simulaciu a analyzu hydrologickych procesov. Tento pristup
zabezpecil vysoku presnost vstupnych dat, o je klGcové pre spolahlivé
hodnotenie spravania vody a predpovedanie povodni alebo analyzu odtoku.

V tejto Studii sme pouzili DMR 5.0 (1. cyklus projektu leteckého laserového
skenovania 2017 — 2023) vo formate TIFF + TFW, stradnicovy referenény systém
S-JTSK[JTSKO03] — kod EPSG:8353, vy§kovy systém: Baltsky vyskovy systém po
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vyrovnani (Bpv (1957)) — kéd EPSG: 8357, priestorové rozliSenie rastra: 1m/pixel
(LLS, 2024). Nasledne sme mohli pomocou topografickych udajov a tiefiového
reliéfu (hillshade) odhadnut’ rozsah povodni, vytvorili sme vektorovll vrstvu linie
vodnych tokov a nastavili okrajové podmienky (hornu a dolnt).

Pri 2D modelovani sa vypocty realizujit na zaklade nepravidelnej
trojuholnikovej siete, ktora umoziuje detailnl reprezentdciu priestorovej
variability modelovaného tuzemia (Chen, 2023). ZvySenie hustoty siete, a teda
poctu vypocétovych elementov, spravidla vedie k vysSej presnosti simulacie, ked’ze
umoziuje podrobnejsie zachytit’ morfologické charakteristiky terénu a hydraulické
procesy.

Hodnoty batymetrie vodnych tokov a nadmorské vySky jednotlivych
vypoctovych bodov boli odvodené z DMR zaujmového uzemia. Pouzitie prili§
hrubého priestorového rozliSenia vypoctovej siete by mohlo viest k
nedostatoénému zachyteniu terénnych nerovnosti a k skresleniu vySkovych
pomerov uzemia, ¢o by nasledne negativne ovplyvnilo vysledky hydraulickej
simulacie. Z tohto dovodu bola vypoftova doména definovana tak, aby
zodpovedala rozsahu analyzovaného povodia a zarovenn zabezpelila efektivne
fungovanie modelu MIKE+ (Ansarifar et al., 2024).

Hydrodynamicky model moze byt kalibrovany pomocou Manningovho
koeficientu drsnosti (Tehrani et al., 2020). Vstupné parametre, vratane koeficientu
drsnosti (Manningovo n - ,,maly manning®) pre rieky, boli nastavené v rozmedzi
0,01 az 1 v zavislosti od charakteru rie¢neho koryta, typu sedimentov, vegetaéného
pokryvu, zastavanosti Uzemia a okolia. Tieto hodnoty boli dblezité pre realisticku
simuldciu hydraulickych pomerov a zabezpecenie spolahlivosti modelovych
vystupov. Pri uréovani hodnét boli vyuzité odporii€ania uvedené v praci Chow
(1959) (tab. 1).

Pri zadavani okrajovych podmienok sme vychadzali z udajov vodomernych
stanic. Horna okrajova podmienkah rieky je definovana ako ,,vypustaci® typ s
hodnotou Qigo = 980 m?¥s. Dolnd okrajova podmienka, hranica po pride pre
vypustanie vody, je nastavena ako ,,vztah Q/h®. Tato hranica zabezpecuje spravnu
simuléaciu pradenia v riecnej sieti.

Tab. 1: Vstupné parametre modelu

Vstupné parametre (jednotka)

Prietok (m®/s) 980
Manning (n) 0,01-1
Casovy krok (s) 10

Zdroj: SVP, 2025; Chow, 1959; vlastné spracovanie

Po vytvoreni a kalibracii hydraulického modelu bol v prostredi GIS
georeferencovany komplexny urbanisticky navrh zaujmového uzemia. Nasledne
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bola vytvorena samostatna vrstva potencidlnych priemyselnych areédlov, na zdklade
ktorej bola v prostredi QGIS vykonana priestorova analyza rozsahu ich mozného
zaplavenia. Vysledkom analyzy bolo urcenie potencidlne ohrozenych ploch a
kvantifikacia rozsahu ich zasiahnutia povodiovou udalostou simulovanou
hydraulickym modelom.

Ziaujmové uzemie

V ramci zaujmového Gizemia sme sa venovali planovanym priemyselnym
arealom v blizkosti rieky Hron a mesta Ziar nad Hronom (mapa 1). Konkrétne v
Banskobystrickom kraji, okrese Ziar nad Hronom a v katastralnych tizemiach
Horné Opatovce, Hronska Dubrava, Jalna, Ladomer, Lehdtka pod Brehmi, Lovca,
Pitelova, Sasovské Podhradie, Trnava Hora, Vieska a Ziar nad Hronom.

Mapa 1: Zaujmové uzemie

[ Skovenski republika

[ Hranica kraja

"] Hrumica okresu

___| Hranica zaujmového tzemia

[ Hrmica katastrilnych fizemi v zdujmovom fzemi

S0 T km
L —

|| Hranica zdujmovéha fizemia
~— Rieka llron

Zdroj: GOV - hranice, 2025; vlastné spracovanie QGIS
Vysledky

V nami sledovanom tzemi sa celkovo vyskytuji priemyselné aredly s
rozlohou 302,1 hektarov. Podla komplexného urbanistického navrhu je mozné
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planované rozsirenie priemyselnych arealov v celkovej rozlohe 216,35 hektarov
(mapa 2).

Mapa 2: Sucasné a navrhované priemyselné arealy

/A

Hranica zaujmového tzemia

— Ricka Hron
Vi iemysel podla kemplexnéha wrbanistickéhe ndvehu

B Siénsné priemyselné arcily a 1 2km

Zdroj: GOV - hranice,2025; OSM, 2025; Komplexny urbanisticky navrh, 2025;
vlastné spracovanie

Integraciou vysledkov priestorovych analyz sGfasnych a navrhovanych
priemyselnych arealov, vystupov hydraulického modelovania realizovaného v
prostredi MIKE+ a dostupnych geopriestorovych udajov  Slovenského
vodohospodarskeho podniku sme vytvorili mapu potencidlneho rozsahu
zéaplavového tizemia pri scendri storoéného prietoku Qo0 = 980 m?/s (mapa 3).

Analyza navrhovaného uzemného rozvoja identifikovala potencialne
roz§irenie priemyselnych arealov o celkovi vymeru 216,35 ha (mapa 4). Vysledky
hydraulickej simulacie naznacuju, Ze pri povodiovej udalosti zodpovedajucej
prietoku Qoo = 980 m%/s by mohlo dobjst k zaplaveniu 122,4 ha tychto
navrhovanych ploch (tab. 2). Uvedena hodnota predstavuje 56,55 % celkovej
vymery planovanych priemyselnych arealov.
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Mapa 3: Modelované uzemie zaujmovej oblasti

A

| Ziwimové fizemic

Ustilend neravnomerné privdenie Q100D podfa SVP
~— Ustdlené nerovnamerné pradenie Q100 podfa $VP
—— Utilené neravnamemné priidenic Q10 podTa SVP
—— Vodng tok | lron

0 1 2km Navhruty pricmyscl podla komplexného urbanistického nivrbu
[ — B Siidasné priemyselné areily
(77 Mozne zasiahnute pri aredly v

urhanistivkom nivrin) povediou
Vska nasimulovane pavadne Q100 v metrach
602

0,01

Zdroj: GOV - hranice, 2025; SVP, 2025; LLS, 2024; Chow, 1959; vlastné
spracovanie

Mapa 4: Rozsah mozného ohrozeného planovaného priemyslu

/A

[ Hranica zdujmového zemia

— Ricka Hron
Navrhnuty pricmysel podTa komplexnéha urbanistického névrhu
[ Mozné zasiahnuté pricmysclné arcaly év i névrhu) pri

[ 1 2km
[ S—

Zdroj: GOV - hranice, 2025; SVP, 2025; LLS, 2024; Chow, 1959; vlastné
spracovanie
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Tab. 2: Rozloha navrhovaného priemyselného arealu
Zasiahnuty priemyselny areal %
podl'a simulacie (ha)
216,35 1224 56,55
Zdroj: OSM, 2025; KUN, 2025; vlastné spracovanie

Navrhovany priemyselny areél (ha)

Zaver a diskusia

Zelenakova a kol. (2025) aplikovali pri modelovani n-roénych prietokov
hydraulické modely MIKE+ a HEC-RAS, pricom vysledky ziskané oboma
modelovacimi pristupmi vzidjomne porovnali. Predmetom ich vyskumu bolo
Gizemie mesta Ziar nad Hronom, ktoré predstavuje aj zaujmovi oblast’ analyzovani
v tejto $tadii. Vysledky uvedenych autorov preukazali, Ze kapacita koryta rieky
Hron v skimanom useku je postacujuca iba na bezpeéné prevedenie jednoroéného
prietoku (Q1). Simulacie zarovefi poukazali na zvySené povodiové riziko pri
desatro¢nom prietoku (Q1o), priCom najvyssia miera ohrozenia bola identifikovana
pri storo¢nom prietoku (Q1oo).

V nadvidznosti na tieto zistenia sa predkladany vyskum zameral na
simuldciu povodiiovej situdcie reprezentovanej prietokom Qoo = 980 md/s.
Vysledky priestorovych analyz ukazali, ze podla komplexného urbanistického
navrhu by mohlo ddjst’ k rozsireniu priemyselnych aredlov o celkovi vymeru
216,35 ha. Z tejto plochy by sa vSak az 56,55 % nachadzalo v izemi potencialne
ohrozenom povodniou pri scenari Q1oo.

Ziskané vysledky poukazuji na vyznam integracie hydraulického
modelovania do procesov uzemného planovania a strategického rozvoja
priemyselnych zon. Identifikacia potencidlne zaplavovanych uzemi predstavuje
dolezity podklad pre rozhodovanie o lokalizacii buducich investicii, optimalizaciu
priestorového usporiadania priemyselnych arealov a implementaciu vhodnych
protipovodiovych opatreni s cielom minimalizovat’ rizika suvisiace s extrémnymi
hydrologickymi udalostami.
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FLOOD RISK IN PLANNED INDUSTRIAL AREAS NEAR THE HRON
RIVER

Summary

Flood risk combines the probability of flood occurrence with its potential
adverse effects. These risks concern human health, the environment, cultural
heritage, and economic activities. Flood-related issues and the minimisation of
flood damage are highly relevant, given the increasing frequency of destructive
floods.

The flood risk management planning process includes several stages. First is
the preliminary flood risk assessment. This is followed by the preparation of flood
hazard and flood risk maps. Next comes the development of flood risk
management plans, and then the implementation of appropriate measures. This
approach ensures continuous improvement of flood protection systems, keeping
them aligned with current knowledge of real flood risks.

Central Slovakia faces the greatest river flood risk due to low permeability,
high 5-day precipitation, and a dense river network. Zeletiakova et al. (2025) found
that the Hron River is only sufficient to accommodate a one-year peak discharge,
making the area unsafe for ten-year and especially hundred-year peak flows. This
underscores major risks for Ziar nad Hronom during 100-year floods (980 m?%/s).
Our research simulated such peak discharge, revealing significant flood extents
threatening planned industrial areas.

We applied the MIKE+ software for the modelling in this article. For the model
setup, we first digitised the river network using a topographic base map and DEM
data. The river network for MIKE+ modelling was created using QGIS tools. We
used the digital terrain model DMR 5.0 from the first cycle of the airborne laser
scanning project (2017-2023). The data were in TIFF + TFW format (TIFF World
File, providing georeferencing). The coordinate reference system was S-JTSK
[JTSKO03] (EPSG code: 8353). The 2D modelling uses an irregular triangular mesh
for computation. For boundary conditions, we relied on data from gauging stations.
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The upstream boundary condition of the river was defined as a “discharge” type
with a value of Q10 = 980 m%/s.

Within the area of interest, we focused on planned industrial zones near the
Hron River and the town of Ziar nad Hronom, specifically in the Banska Bystrica
Region, Ziar nad Hronom District, and the cadastral areas of Dolna Trnavka,
Horné Opatovce, Ladomer, Lovéa, Vieska, and Ziar nad Hronom.

The study area currently includes 302.1 hectares of industrial zones. Expansion
plans propose an additional 216.35 hectares. By merging the results from creating
layers of existing and potential industrial zones with the MIKE+ simulation, we
produced a map of potential flooding at the Q100 discharge (980 m?/s). Within the
monitored areas, the proposed expansion of industrial zones totals 216.35 hectares.
According to our findings from the modelled simulation with discharge Qigo (980
m?/s), up to 122.4 hectares, representing 56.55%, may be at risk.

These findings highlight that 56.55% of the planned 216.35 hectares for
industrial zone expansion could be at risk from Q100 flooding. This information
provides an important basis for further planning, expansion, and construction
decisions.
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EVALUATING LAND COVER-BASED ROUGHNESS SCENARIOS
FOR FLUVIAL FLOOD INUNDATION MODELLING

Matej Vojtek, Jana Vojtekova, Petra Hackova, Zuzana Jakabova
Abstract

Land cover and the derived surface roughness are important parameters
affecting the accuracy of hydraulic flood inundation models, as they control flow
resistance, depth, and velocity. This study evaluates the impact of land cover-based
roughness scenarios on fluvial flood inundation modelling for an 8.8 km reach of
the Kysuca River in northern Slovakia. A two-dimensional MIKE+ hydraulic
model was developed using a 1 m resolution LiDAR-derived digital elevation
model and detailed land use/land cover data from 2023. Manning's roughness
coefficients were assigned to individual land cover classes using reference values
from the literature and two alternative scenarios representing a 20% decrease and
a 20% increase in roughness. Model outputs were compared in terms of flood
extent, flow depth, and flow velocity for a 100-year flood event. The results
demonstrate that decreasing roughness increases flow velocities while reducing
flood depths and inundation extent, whereas increasing roughness produces
deeper, more extensive flooding and lower flow velocities. Although the overall
spatial pattern of flooding remained similar across all scenarios, notable
differences occurred along the main river channel and adjacent floodplain. The
findings highlight the importance of accurate land cover-based roughness
parameterization for improving hydraulic model reliability and reducing
uncertainty in flood hazard assessments.

Keywords: fluvial floods, land cover, surface roughness, hydraulic modeling,
scenarios

Introduction

Flooding is one of the most frequent and devastating natural hazards
worldwide, affecting millions of people each year and causing substantial
economic, environmental, and social losses. Flood events account for the largest
proportion of natural disasters, with their frequency and severity increasing over
recent decades. This trend is attributed to a combination of factors, including
climate change, rapid urbanization, deforestation, population growth, and
alterations in land use/land cover (LULC) (Albano et al., 2024). As extreme
precipitation events become more common and human settlements continue to
expand into flood-prone areas, the need for accurate flood hazard assessment and
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reliable flood inundation modelling has become increasingly important for disaster
preparedness, infrastructure planning, and sustainable water resources
management.

Fluvial flooding, including riverine and flash flooding, occurs when the
discharge of a river exceeds the capacity of its channel, resulting in water spilling
onto adjacent floodplains (Vojtek, 2014). Such flooding may result from prolonged
rainfall, intense storm events, rapid snowmelt, dam failures, or upstream catchment
runoff exceeding the river's carrying capacity (Vojtek and Vojtekova, 2026). Flood
inundation modelling has become an indispensable tool for understanding the
spatial distribution, depth, velocity, and duration of floodwaters (Dimitriadis et al.,
2016). It integrates hydrologic inputs, topographic data, channel geometry, and
hydraulic characteristics to simulate how floodwaters propagate across river
channels and surrounding floodplains (Vozinaki et al., 2016). Hydraulic models,
such as MIKE+, HEC-RAS, or TUFLOW, have significantly improved the
capability to simulate complex flood processes using high-resolution terrain data
and computational techniques (Teng et al., 2017). The outputs generated from
these models support flood hazard mapping, emergency response planning,
evacuation strategies, infrastructure design, insurance risk assessments, and climate
adaptation policies.

Despite the considerable advancements in hydraulic modelling, the accuracy
of flood simulations remains highly dependent on the quality and representation of
model input parameters (Petroselli et al., 2019). Among these parameters, surface
roughness is widely recognized as one of the most influential sources of
uncertainty (Vojtek et al., 2019). Surface roughness represents the resistance
exerted by the land surface on flowing water and directly affects flow velocity,
water depth, travel time, and the overall extent of flood inundation. Hydraulic
models commonly represent this resistance using Manning's roughness coefficient
(n values) (Horritt and Bates, 2002). Accurate estimation of Manning's roughness
coefficient is challenging because natural landscapes exhibit considerable spatial
variability and temporal changes. Moreover, roughness values may change
seasonally due to vegetation growth, harvesting activities, sediment deposition, or
changes in water depth. Consequently, assigning a single roughness value across
large modelling domains often oversimplifies the complex interactions between
flowing water and surface features, potentially reducing model accuracy
(Papaioannou et al., 2017).

To address this challenge, LULC datasets have become an important source
of spatially distributed roughness information. Advances in remote sensing
technologies, satellite imagery, airborne LiDAR, and geographic information
systems (GIS) have enabled detailed mapping of land cover at increasingly finer
spatial resolutions. These datasets can be converted into Manning's roughness
maps by assigning representative roughness coefficients to each land cover class

65



Geografické informdcie / Geographical Information 30/2026/1

based on published literature, field observations, or expert judgement. Although
land cover-based roughness mapping has become standard practice in hydraulic
modelling, substantial uncertainties remain regarding the selection of appropriate
Manning's n values for different land cover categories (Liu et al., 2019). Numerous
studies have reported varying roughness coefficients for identical land cover types
due to differences in local environmental conditions, vegetation density,
topography, hydraulic conditions, and measurement techniques (Pappenberger et
al., 2005; Merwade et al., 2008). Furthermore, different land cover classification
systems may represent the same landscape differently, resulting in inconsistencies
in roughness parameterization, which ultimately affects flood simulation results.

Previous studies has consistently identified Manning's roughness coefficient
as one of the dominant factors influencing hydraulic model performance (Apel et
al., 2004; Vojtek et al., 2019). Consequently, evaluating alternative land cover-
based roughness scenarios has become an important research area aimed at
improving model reliability and reducing uncertainty (Liu and Merwade, 2018).
Rather than relying on a single roughness map, scenario-based approaches
investigate how different roughness assignments influence simulated flood
behaviour. These comparative analyses provide valuable insights into model
sensitivity and help identify robust roughness parameterization strategies suitable
for different river systems and floodplain environments.

This study aims at evaluating land cover-based roughness scenarios for
fluvial flood inundation modelling. The derived LULC classes were assigned
different Manning's roughness coefficients, i.e. reference values, 20% increased
values, and 20% decreased values, which were incorporated into the MIKE+
hydraulic model to examine their influence on simulated flood extent, water
surface elevation, flow depth, and flow velocity.

Study area

The studied domain was represented by 8.8 km section of the Kysuca River,
which is located in northern Slovakia. The bed slope of the studied Kysuca River is
0.004 m/m. The buffer zone of 600 m was created around the studied Kysuca
River, having an extent of 13.6 km?. The elevation in the studied domain ranges
from 432 to 654 m a. s. |. (Map 1). The studied river section was selected due to its
inclusion into critical river sections for the occurrence of fluvial floods in all cycles
of the Preliminary Flood Risk Assessment (ME SR, 2024), which were carried so
far based on the EU Floods Directive (2007). The last fluvial flood affected the
studied river section in September 2024. Four municipalities are located along the
studied reach of the Kysuca River: Turzovka, Podvysoka, Olesna, and Staskov.
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Map 1: Studied Kysuca domain and elevations
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Data and methods

The primary data for hydraulic modeling was created by s a high-resolution
DEM (DMR 5.0) obtained from airborne laser scanning. The DEM has a spatial
resolution of 1 m and was provided by the Geodetic and Cartographic Institute in
Bratislava. Surface roughness was incorporated into the hydraulic models through
Manning’s roughness coefficients (n values), which were assigned based on land
use/land cover (LULC) data. These data were obtained from the 2023 Basic
Database for the Geographic Information System (ZBGIS) and provided by the
Geodetic and Cartographic Institute in Bratislava. The derived LULC classes are
presented in Map 2. Each LULC class was then assigned a reference roughness
value according to Chow (1959), 20% increased value, and 20% decreased value,
which both represent the possible scenarios of LULC change (Table 1). For LULC
class of buildings, the maximum possible Manning’s roughness value of 1 was
adopted because buildings act as nearly complete obstructions to flow, producing
very high flow resistance and substantially reducing flow velocity.
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Map 2: LULC classes in the studied Kysuca domain
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Table 1: LULC classes and the assigned Manning roughness n values

LULC class Reference case Scenario 1 Scer_1ario 2
(Chow, 1959) (20% decrease) (20% increase)
Arable land 0.035 0.028 0.042
Building 1 1 1

Built-up area 0.04 0.032 0.048
Channel 0.04 0.032 0.048
Forest 0.15 0.12 0.18
Grassland 0.05 0.04 0.06
Material/waste dump 0.03 0.024 0.036
Orchard/garden 0.07 0.056 0.084
Railway 0.02 0.016 0.024
Road 0.02 0.016 0.024
Urban greenery 0.05 0.04 0.06
Water body 0.04 0.032 0.048

As for the hydraulic modeling, we used a two-dimensional MIKE+ model
(version 2024). The computational domain was discretized using a flexible mesh.
The floodplain areas were represented by triangular elements, while the river
channels were modeled using quadrangular elements, with a maximum
longitudinal element length of 5 m and a maximum transversal length of 2 m, to
better capture flow dynamics within the channel. The resulting mesh consisted of
2,906,690 elements. Simulations were carried out under steady-state conditions to
represent peak discharge associated with the return period of 100-year flood event.
The design discharge value of 270 m®s was obtained from the Slovak
Hydrometeorological Institute (SHMI) for the Turzovka gauging station, which is
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located at the starting point of the studied Kysuca River reach. The downstream
boundary condition was set the water level (435.5 m). Initial conditions were set as
uniform water level (432.5 m). The simulation time step was set to 10 seconds, as
this is a common and recommended value by DHI for detailed yet efficient
simulations aiming to achieve numerical stability in the model.

Results and discussion
Flood inundation under the reference case

The total flood extent for the reference case was 1.10 km?. Map 3a shows
that flood depths are predominantly shallow to moderate (0.0 — 1.5 m) across the
studied reach, covering about 69% of the inundated area (29.45%, 27.63%, and
11.80%, respectively). Deeper water (2.0 — 4.92 m) is mainly confined to the river
channel and a few localized sections, accounting for 25.20% of the flooded area.
The mean flood depth is 1.30 m. Map 3b indicates that low velocities (<1.0 m/s)
dominate the flooded area, representing approximately 70.6% of the total flood
extent (38.49% and 32.09%). Moderate velocities (1.0-2.0 m/s) occur mainly
along the main channel, while high velocities (2.0< m/s) are limited to narrow
channel sections, comprising 19.6% of the inundated area. The mean flow velocity
is 0.96 m/s, suggesting generally low-energy flood conditions across most of the
study area.

Map 3: Flood inundation under the reference case: a) flow depths and b) flow
velocity
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Flood inundation under scenario 1

The total flood extent for the scenario 1 was 0.98 km?. Map 4a indicates that
shallow flooding (0.0 — 0.5 m) is the most widespread, accounting for 35.37% of
the inundated area. Moderate depths between 0.5 and 1.5 m comprise 32.46%,
while deeper flooding (1.5< m) is largely confined to the main river channel and
localized depressions, representing 32.17% of the flood extent. The mean flood
depth is 1.24 m, which is caused by the decrease in Manning’s roughness values.
On the other hand, the mean flow velocity value increased to 1.11 m/s, indicating
slightly more energetic flow conditions than in the previous case. Map 3b shows
that low flow velocities (<1.0 m/s) dominate the flooded area, covering 66.34% of
the inundation extent (37.40% and 28.94%). Moderate velocities (1.0-2.0 m/s)
account for 14.55%, whereas high velocities (2.0< m/s) are concentrated along the
main channel and represent 19.11% of the flooded area.

Map 4: Flood inundation under the scenario 1: a) flow depths and b) flow velocity
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Flood inundation under scenario 2

The total flood extent for the scenario 2 was 1.18 km?. Map 5a shows that
shallow to moderate flood depths (0.0 — 1.5 m) dominate the inundated area,
accounting for 67.77% of the flood extent (22.57%, 28.88%, and 16.32%,
respectively). Deeper flooding (1.5< m) is primarily restricted to the main river
channel and a few localized areas, representing 32.34% of the inundated area. The
mean flood depth is 1.39 m, indicating deeper overall flooding than in the previous
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scenarios. Map 5b indicates that low flow velocities (<1.0 m/s) are predominant,
covering 73.25% of the flood extent (37.68% and 35.57%). Moderate velocities
(1.0-2.0 m/s) account for 14.01%, while high velocities (>2.0 m/s) are confined to
limited sections of the main channel, comprising 12.74% of the inundated area.
The mean flow velocity is 0.89 m/s, reflecting generally low-energy flood
conditions across most of the study area.

Map 5: Flood inundation under the scenario 2: a) flow depths and b) flow velocity
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To sum up, higher roughness increases hydraulic resistance, reducing flow
velocities and causing water to remain in the channel and floodplain for longer
periods. Consequently, Scenario 2 (mean velocity = 0.89 m/s) exhibits the highest
mean flood depth (1.39 m) and the largest proportion of moderate-to-deep
inundation, as the increased friction slows the flow and promotes water
accumulation. In contrast, Scenario 1, which has the highest mean velocity (1.11
m/s) and the lowest mean depth (1.24 m), is consistent with lower roughness
values. Reduced friction allows water to move more rapidly through the channel,
resulting in shallower inundation over much of the floodplain but larger areas of
high-velocity flow (2.0< m/s). The reference case resulted in moderate flow depths
(1.30 m) and velocities (0.96 m/s).

Differences in flood inundation between reference case and scenarios

Map 6 shows that changing Manning's roughness mainly affects flow depth
rather than the spatial pattern of flooding. Compared with the reference case,

71



Geografické informdcie / Geographical Information 30/2026/1

Scenario 1 (20% lower roughness) produces shallower water depths, while
Scenario 2 (20% higher roughness) results in deeper flooding, especially along the
main river channel and adjacent floodplain. Most of the flooded area remains
unchanged, indicating that roughness primarily influences flood magnitude rather
than flood extent.

Map 6: Difference in flow depths: a) between the reference case and scenario 1 and
b) between the reference case and scenario 2
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Map 7 illustrates the expected inverse relationship between roughness and
flow velocity. Compared with the reference case, scenario 1 shows higher flow
velocities due to reduced hydraulic resistance, whereas scenario 2 exhibits lower
velocities because increased roughness slows the flow. The largest velocity
changes occur within the river channel, while differences across the floodplain are
relatively small, confirming that roughness mainly modifies flow dynamics rather
than inundation patterns.
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Map 7: Difference in flow velocities: a) between the reference case and scenario 1
and b) between the reference case and scenario 2
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Conclusion

In this paper, we demonstrated that the comparison of the reference case
with the two land cover-based roughness scenarios confirms that land cover-based
Manning's roughness significantly influences hydraulic characteristics of flood
inundation. First, lower roughness decreased the total flood extent from 1.10 km?
(reference case) to 0.98 km?, while higher roughness values increased the total
flood extent to 1.18 km?2. Moreover, lower roughness values (scenario 1) increased
flow velocities, reduced flood depths, and slightly decreased the total inundated
area, whereas higher roughness values (scenario 2) decreased flow velocities,
increased water depths, and expanded the flood extent. The difference maps further
demonstrate that the most pronounced changes occur along the main river channel
and adjacent floodplain, while the overall spatial pattern of inundation remains
largely unchanged. These findings indicate that surface roughness primarily affects
the magnitude of flood depth and flow velocity rather than the general distribution
of flooding. Therefore, accurate parameterization of Manning's roughness based on
land cover is essential for improving the reliability of hydraulic flood models and
reducing uncertainty in flood hazard assessments.

These findings highlight the sensitivity of hydraulic flood models to the
parameterization of Manning's roughness and emphasize the importance of using
reliable, spatially distributed land cover information when assigning roughness
coefficients. Scenario-based evaluation of roughness provides a practical approach
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for quantifying modelling uncertainty and improving the robustness of flood hazard
assessments. Future research should focus on evaluation of seasonal and temporal
variations in surface roughness and testing additional land cover and climate change
scenarios to further enhance the reliability of fluvial flood inundation modelling.
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