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What are the key factors for designing? 
An example how develop the landscape architectural proposal 

 
Martina Verešová, Mária Bihuňová 

Abstract  
Green and blue infrastructure provides the tools how to revitalized our cities and villages with 
supporting their ecological, environmental, social and recreational potential. During the educational 
process at Faculty of Horticulture and Landscape Engineering SUA in Nitra, there is an intention to 
overlap theoretical base with praxes. Elaboration of four landscape-architectonical proposals of 
chosen localities in Bošany village is one of the great examples of this kind of cooperation. All 
necessary analyses were done by field research, the history and uniqueness of the village was 
introduced by the Mayer of the village. During the design process following methods were applied: 
methods developing analytical and critical thinking, methods developing conclusion process, methods 
supporting the creative process, methods of concept creation and methods of presentation. The Paper 
presents four final design proposals, which have been categorised by the main concept ideas: 
Continuity, Interaction, Land art and Sustainability. 
 
Key words: public open space design, green infrastructure, landscape architecture, creative process, 
Bošany 
 
 
Introduction 
The uniqueness of each city is related to its 
localization, symbols of identity, conditions of 
establishment, self-sufficiency and its further 
development. People perceive their 
environment very sensible – consciously but 
also subconsciously. Hence universal solutions 
could not be applied. Every concept has to be 
well considered and should be adapted to the 
needs and specifics of a particular place, using 
local resources and characteristics. 
Meiss (2018) considered place as potential for 
identity support, personal or public identity. He 
points out a choice of three strategies, which 
help in design process: 1. Interpretive strategy, 
through which the author (landscape architect) 
tries to understand and specify the locality, 2. 
Participatory strategy - where future users are 
involved into the process of designing and 3. 
Strategy, which supports the symbols of 
identity, the genius loci of the place. 
Implementation and realization is done by 
residents. 
Shcherbina and Gorbenkova (2020) describe 
that guidelines for spatial planning and 
sustainable innovative development are 
important for planned regional development of 
the cluster. The term cluster as an aggregation 
or group of similar elements within the rural 
region. The guidelines should include 
functional structure of four resources=target 
subsystems: Population, Infrastructure, 
Manufacturing and Environment/Heritage.  
Local development according to Boisier (2003) 
is a comprehensive, axiological, 
multidimensional (economic, political, social, 
and territorial), qualitative, intangible and 
endogenous transdisciplinary phenomenon 

that has to be developed on the municipal level 
reflecting regional and national strategy. For 
the same reasons, it represents multiscalarity, 
which means connection between the local 
territory and the regional and national 
intentions (city-region-state). This labelling was 
elaborated to counteract the negative effects of 
globalization and as a questioning of the role of 
national state, laws and decentralization 
policies.  
Thus, contemporary public spaces often follow 
an uncritical replication of global market and 
commercial processes. In this context, green 
infrastructure, when considered as a planning 
approach, provides tools to address 
environmental, social, and economic 
challenges at the same time and makes 
thereby urban planning and open space design 
more conceptual, sustainable and resilient 
(Tóth and Timpe, 2017). 
Carmona (2019) recommends establishing two 
rules: 1. critical planning considerations for the 
development and regeneration of public 
spaces and 2. Open space design based on 
quality assessment and detailed 
considerations. 
The responsible departments at the Municipal 
offices are the main initiators for revitalization 
of public spaces in chosen localities, according 
to the local and spatial development and urban 
growth of the city. 
 
Second, the representatives at municipal 
offices are responsible how public spaces will 
be constructed and which regulations have to 
be followed. It is necessary to consider three 
key factors: 
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1. What are the processes the public open 
spaces are planned and how the other 
regulations influence them. 
2. What types of public open spaces should be 
provided, for whom and where. 
3. How will be public open spaces managed 
and maintained or protected. 
 
Materials and Methods 
Bošany village with 4300 inhabitants is located 
8 km northeast of Topoľčianky in the upper 
part of the Nitra loess hills, on the right-hand 
floodplain of the Nitra river near the confluence 
with the Bebrava river. The village is located in 
the Trenčín region, in the district of 
Partizánske, from which it is 10 km away. The 
altitude of the village ranges from 168 m above 
sea level. m. - Nitra river valley, up to 240 m 
above sea level. m. - the highest point of the 

village Baňa.  The area of the village is 1,446 
ha.  
The village belongs to road villages according 
to the typology, it has not any central public 
space(square). The village is characterized by 
low-rise street development of family houses 
and development of high apartment buildings - 
J. Kráľ housing estate. 
Bossányi manor house, where the Bossányi 
family had its original seat from Romanesque 
times, belongs to the main dominants of the 
village. Another dominant building is Roman 
Catholic Church of St. Martin Bishop, first 
mentioned in 1332. The White and Red private 
houses colony is a great memory of the 
greatest time of the village, when entrepreneur 
Tomáš Baťa started his business here. 
 
 

 
 

 
 
Fig. 1: Bošany - aerial view and localisation of the village in the agricultural landscape. The river Nitra 

is strong phenomenon (source: www.google.sk) 
 
 
Chosen methodology was verified during the 
educational process at several Design studios. 
During the field research in 2018, students 
mapped current equipment of the sites, paths, 
roads, parking plots, access and entrances. 
The trees were inventoried in 4 chosen 
localities and general composition of the 
greenery was evaluated. They determined the 
potential and weaknesses of the locality. The 
rich history of the village has been presented 
by the mayor of the village.  
 
During the design process following methods 
were applied:  

a.) methods developing analytical and critical 
thinking: identifying genius loci and specific 
local identity, SWOT analyses, 
b.) methods developing conclusion process: 
creation of diagrams, graphs, movement, 
collision points, shape solutions (finding the 
most suitable shape, contrast and opposites),  
c.) methods supporting the creative process: 
imagination, searching for inspirations and 
associations to the key words, history, current 
functions, etc. 
d.) methods of concept creation, concretization 
of feelings, moods, expression of attitudes, 
functional and spatial solutions, details, 
constructions,  
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e.) methods of presentation: students learn to 
interpret their ideas through images, sketches, 
auxiliary graphic, 3D visualizations, drawing in 
photos (speak in simple language), including 
the final oral and Power Point presentation or 
video presentation for representatives of the 
Municipal office and public etc. 
Field research and discussion with the mayor 
and stakeholders of the village led to the 
formulation of the general intent of the 
landscape-architectural proposal. One of the 
effective and commonly used tools in the 
preliminary stages of decision-making process 
is SWOT analysis, which allows to identify the 
best strategies to maximized strengths and 
opportunities and minimized weaknesses and 
threats. Students worked at chosen localities in 
central part of the village.  
 
Results 
There have been designed four localities in 
village Bošany. First one was in front of the 
Municipal office and Park Garbiarov (Tanners 
park), Second in front of the Cultural house, 
Third was the riverfront of the Nitra river, which 
is a potential recreational background of the 
village. The last localities were 2 main streets 
in the village (M.R.Štefánika  and SNP).  
During the Design studio several landscape 
architectural concepts have been elaborated. 
The main goal was to search for uniqueness of 
the locality (history, genius loci, famous 
inhabitants,…) and use it in the final landscape 
design proposal with consideration the main 
function of the locality (recreation, transport, 
meeting place). Changing climate conditions 
and necessity to support the biodiversity in 
urban areas were also taken into account. The 
design proposals are categorised by the main 
concept ideas. 
 
DESIGN_1: CONTINUITY 
The continuity was interpreted by two 
dimensions:1. time continuity and 2. spatial 
continuity. 
The design of logo and benches were inspired 
by time continuity. Time continuity as a 
reference trace of the past in a new design. 
The main source of inspiration was very 
famous entrepreneur Tomáš Baťa, who started 
his business in Bošany in 1927. He was one of 
the largest entrepreneurs of his time, 
introducing original methods of production, 
trade management and system of employee 
motivation (Baťa's management system). His 
practices were revolutionary at that time, but 
also nowadays they are still used as examples 
of top management. His statement is timeless: 
“Only by experience, the skill could arise. Only 

those who look at things by their own point of 
view, they have a chance for success”. 
The concept of spatial continuity is inspired by 
the river Nitra. It unifies and interconnect urban 
and landscape units, cities and nature, people 
and activities. It represents: flow, dynamics, 
variability, which is designed in different paths, 
with various surfaces and different functions. 
Some of them are linked with the surrounding 
at the local scale (interconnection between 
recreational site, Tanners park, housing estate, 
streets, river and industrial area), but also the 
area is interconnected with landscape via cycle 
roads. The strips/lines are supported by flower 
beds, shrubs and tree alleys.  
Another way to characterize this proposal 
would be words as: openness, proximity, 
similarity, repetition, expansion, orientation, 
distribution. 
 
DESIGN_2 INTERACTION  
The concept of design solutions focuses on 
invitation of inhabitants to participate in the 
community life and local events. Chosen 
elements are attractive for interaction, 
education and experience in open public 
spaces. They invite and motivate to observe, 
search and try. Positive social involvement is 
implemented. 
The support of interest, participation in events, 
attraction of public space is reached by 
different natural materials (wood, rock, 
rope,…), steel and corten and a lot of green 
elements. There is a place for interaction with 
different people and with different age 
categories. Everyone will find his own place of 
interest.  The landscape architectural proposal 
defines active zones, social zones and also 
quiet – resting zones. The area includes 
overview of the space, possibilities for 
recreational, sport and social involvement. 
 
DESIGN_3     LAND ART  
Land art is an effective and temporary art form 
that primarily uses natural material for 
interpretation. Objects are made of organic and 
anorganic materials and exhibited outdoors, 
especially in the natural environment. They 
mainly use the intensity of sensory perception 
and the natural experience of observers with 
the effects of nobility in nature and work with 
simple forms. The land art elements, which are 
proposed in this area are welcoming to use, to 
touch, to feel, to take part at the performance.  
Land art also utilise visually catching elements, 
an attractive way of natural resources 
presenting, implementing the creativity, humor, 
symbols, natural condition and sources and 
actual atmospheric climate conditions. 
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Fig. 2: CONTINUITY. Case study of recreational park at river bank (students: M. Kyšeľová 

(logo_design),E. Mužilová, A.Barillová, K. Markovičová, Ľ. Slavkovský, J. Konečný teacher: M. 
Verešová, M. Bihuňová, 2018) 

 
Fig. 3: INTERACTION. Case study of recreational park at river bank (students: P. Mezej; J. Melišková;  

teacher: M. Verešová, 2018) 
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Fig. 4: LAND ART. Case study of recreational park at riverbank (students: E. Mužilová, N. Magová, E. 

Rosíková, M. Rožeková, teacher: M. Bihuňová, 2018) 
 
 
DESIGN_4   SUSTAINABILITY 
The concept of sustainability is based on 
detailed field research ( include terrain, 
greenery and materials analyses), followed by 
SWOT analyze and searching solution for 
adaptation to climate change. Landscape 
design proposals of selected areas present 
variabilities of green – blue infrastructure 
implementation, rainwater management, 
increasing the biodiversity and application of 
permeable materials (in parking plots, 
pedestrian paths, sport and recreational areas 
and children playgrounds). Rainwater is 
collected from the surfaces into rain gardens or 
special drainage slopes, which allow longer 
evaporation and infiltration. 
Vertical construction for climbing plants are 
proposed at several walls of Cultural house.  
 
Discussion    
Carmona (2010), draws upon different 
scholarly traditions to highlight the key tensions 
at the heart of the contemporary public space 
debate. Critiques of public space can broadly 
be placed into two camps, those who argue 

that public space is over-managed, and those 
who argue that it is under-managed.  
Several researches and Papers have been 
published, which confirm, that confirmed that 
successful public spaces are those, which are 
designed for the different interest groups that 
create them and the specific range of uses 
they suit (Kratochvíl, 2015, Supuka, Bihuňová, 
2018, Verešová, Tóth, 2020, ). Some spaces 
are lively and commercial, others focus on 
games (for children and / or adults), others are 
serious and civic or peaceful and relaxing 
(recognizing the diversity of lifestyles, 
preferences and needs of the urban population 
and that through the design of their In the 
public sphere, there is an opportunity for urban 
areas to offer something for everyone in the 
right place, although not everywhere for 
everyone (Carmona, 2019). Green urban 
riverfronts can for instance serve as 
backbones of urban green infrastructure, while 
providing a healthy and attractive space for 
social interaction and recreation close to urban 
centres (Piliarová, 2012, Čibik et al, 2019). 
The main trends for sustainable rural 
development according to Shcherbina and 
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Gorbenkova (2020) identified as: advances in 
technology; forming the comfortable living 
environment; housing, social, engineering and 
transport infrastructure. According our site 
research we think that sustainable rural 
development will be comprehensive when the 
system of green blue infrastructure is stable, 
the open space are well designed and clean 
and when the genius loci of the site (interesting 

history) is preserve and presented. The village 
could become strong element I the cluster or 
microregion, which could lead to the higher 
attractiveness not only for inhabitants but also 
for visitors. This could lead to the increasing of 
the  
 
 

 

 
 
Fig. 5: SUSTAINABILITY. Case studies of square in front of Culture house and M.R. Štefánika street 
(students: P. Mezej; M. Laktišová;  E. Balážová, Z.Bollová, L. Marejková, M.Ježeková, teacher: M. 

Verešová, M. Bihuňová, 2018) 
 
 
Conclusion 
The method of case studies can be highly 
useful in the design process, they involve 
students in the difficult process of problem 
identification and solutions. The case study 
approach according to Deming and Swaffield 
(2011) and Raducan, Culescu (2010) build on 
knowledge and skills acquired in education, 
research and practice and it leads to building 
new theories through creative work, critical 
thinking, communication and exchange. 
The methodology followed by this case study 
consisted of two main steps – 1) research for 
design: field works and mapping, thematic 

landscape analyses and defining key problems 
of selected areas and 2) design: elaboration of 
different design scenarios and solutions. The 
aim of the case study was to discover the 
potential of selected locations and propose 
more effective measures enhancing the 
attractivity and sustainability of open spaces. 
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Sustainability principles of public city park design 
 

Mária Bihuňová, Attila Tóth, Denisa Halajová  
  

Abstract  
Climate change is visibly perceived in open landscape and urban environment. According to the 
scientific research the world´s climate temperature has been continuously increasing since second half 
of 20th century. Urban environment notices very high and long period of tropical days and strong storm 
water. Open green areas could eliminate the heat islands and improve the microclimate of the 
environment, but it is necessary to have sufficient amount of compact green spaces, accessible for 
pedestrians. At least 60% of these green areas has to be covered by trees. Not only the greenery is a 
tool for climate change adaptation, but also presents of water surfaces and water elements and 
application of permeable materials on paths, children playgrounds, squares, parking plot, etc. The 
Paper present landscape-architectural design solutions for urban park in Martin (Slovakia). The aim 
was to increase the recreational, social and environmental quality of the public park and implement 
several solutions for harvesting rainwater, improve the microclimate conditions and support the 
biodiversity. 
 
Key words: sustainable design, urban city park, landscape architecture, climate change adaptation 
 
 
Introduction 
Green spaces enrich the quality of life in many 
ways: they form a contrast to built 
environment, they provide space for recreation, 
improve mental and physical health, well being 
and enable social contacts (Ring, Reinwald, 
Damyanovic, 2020). During the planning and 
design process of leisure activities and 
facilities in the environment, it is always 
necessary to include all target groups (Bell, 
2008; Supuka, Bihuňová, 2018; Verešová, 
Tóth, 2020). Thomson (2010) says about 
places of plurality which integrate different 
users, people from different ages and 
background.  Not only in term of access, but 
also the provision of information. Appropriate 
sharing of information can purposefully 
influence the behaviour of people, their 
awareness of the space and educate them 
(Fialová, Kotásková, Marková, 2014).  
Nowdays, the planning process is more 
focused on resilient planning approach, which 
tries to re-connect built up areas with nature 
elements, with aim to restore sustainable 
ecological networks (Picuno, Cills, Statuto, 
2019), improve the biodiversity and climate-
sensitive urban open spaces (Ring, Reinwald, 
Damyanovic, 2020).  
Many requirements and design considerations 
according to Rehan (2013) have to be taken 
into account in sustainable urban design. He 
describes four main principles of sustainable 
streetscape: 1. Urban principles (Legibility, 
Comfort and safety, Attractiveness), 2. Social 
principles (Liveliness, Supports healthy urban 
communities), 3. Economic principles 
(Sustainable materials, Reduce consumption 
of material resources), 4. Environmental 

principles (Reduce impacts on environmental 
resources, Improve water quality, Reduce 
energy consumption, Reducing light pollution). 
Each urban environment causes changes in 
rainwater runoff. The water from large drainage 
areas can be used for accumulation, further 
retention, and its regulated drain into the 
recipient (Havlík et al., 2007) 
Paper presents the design proposals, which 
were elaborated during the Design studio at 
the Faculty of Horticulture and Landscape 
Engineering, SUA in Nitra in cooperation with 
the representatives from the Martin´s 
Municipality office. The proposals of the city 
park show the possibilities how could design 
solutions, chosen materials, equipment and 
management of the greenery lead into 
improving the recreational and educational 
quality of the park and support the biodiversity 
of the site and apply rain water retention.  
 
Material and methods 
City of Martin lays in the northern part of 
Slovakia and has up to 55 000 inhabitants. 
Until 1945 the city was named as Turčiansky 
Svätý Martin. Nowdays it is center of Turiec 
region and regional capital. Since 1863 it is 
also the seat of Matica Slovenská (Slovak 
National Cultural Institution). During the 19th 
century the town became a centre of Slovak 
culture. In the first half of the 20th century 
many Slovak scientists, writers and artists lived 
in Martin. In 24th of August 1994 the city of 
Martin was declared by law a national cultural 
center of Slovaks.  
P. O. Hviezdoslav park is named for famous 
Slovak Writer, who lived in Martin and in 1919 
was elected as the Chair of Matica Slovenská. 



 Journal of Landscape Management (2020) Vol.: 11 / No. 2 

   

15 

The park lays few meters from city pedestrian 
zone and is surrounded by block of houses, 
cinema and hotel. It has rectangle shape with 
many accesses from each side. The birch alley 
and shrub hedges make visual barrier from 
motor road. Along the one side is a big parking 
plot. The site analyses, inventory of the trees, 
shrubs and mobiliar were done in October 
2019. Collected data research and syntheses 
of the terrain analyses were elaborated at 
Design Studio according the guidelines: 
Design studio methodology for landscape 
architecture published by Halajova et all. 
(2018). Landscape design proposal was 
focused on implementation of permeable 
materials, using the water features, flower 
meadows and trees resistant to urban 
conditions.   
 
Results 
Park P.O. Hviezdoslava has 18 830 m². There 
have been inventoried 226 trees and 64 
shrubs. 67 of trees were coniferous and 159 
deciduous. The most common species were: 
Acer pseudoplatanus L., Acer platanoides L., 
Carpinus betulus L., Fraxinus excelsior L., 
Ulmus glabra Huds., Tilia cordata Mill., Betula 
pendula Roth. and Thuja occidentalis, Picea 
pungens G.E., Picea abies L., Picea omorica 
Purk.. 
There were proposed 34 trees and 60 shrubs 
to cut down due to insufficient health 
conditions and due to new concept of 
revitalization proposal (Betula pendula Roth., 
Picea omorica Purk and Thuja occidentalis). 
According to the side analyses, discussion on 
potentials and limits of the area were 
elaborated 2 proposals, which included 
principles of sustainability and adaptation of 
urban environment to climate changes. Both 
proposals count with representative – main 
entrance area with coffee house and small 
square, children playground, educational path, 
music pavilion and a lot of benches for rest. 
The water element is proposed as a shallow 
pool in first proposal, in second there are 
multifunctional water jets in the ground. The 
main promenade has flower beds, which 
collect the rainwater on the sides or in the 
middle as an island with perennials and 
benches. The children playground is situated in 
the lawn with pergolas and climbing plants and 
edible plants on the sides (Amelanchier, Ribes, 
Aronia). All surfaces are permeable. The lawn 
is divided into recreational lawns and flower 
meadows with different management of cutting 

to support the biodiversity. City park offers 
open – sunny – active zone and quiet – 
shadow part under the tree crowns. Several 
types of the paths are proposed: main 
promenade, paths on the sides offering the 
rest, interactive elements, or sensory trail. 
Several tree species were proposed to add: 
Tilia cordata 'Greenspire', Fagus sylvatica 
'Dawyck Gold', Prunus avium 'Cordia', 
Crataegus laevigata ´Paul 's Scarlet´, 
Koelreuteria paniculatea Laxm. The concrete 
pavement of parking plot, at the eastern part of 
the park, was changed into permeable 
alternative and rainwater is directed into the 
grass depression on the park lawn.  
 
Discussion and Conclusion 
At the present days is necessary to redesign 
and revitalise urban open spaces with 
emphasis on high quality of landscape 
architectural design principles, but also with 
emphasis on environmental, ecological, 
microclimate function, which greenery and blue 
green solutions could bring to the side. 
Thwaites et al (2007) set environmental factors 
that can influence needs´ satisfaction and 
hence environmental perception and 
evaluation of the urban design. These factors 
are as follows: diversity of people, diversity of 
functions, diversity of urban detail, social and 
physical accessibility and management and 
regulation of the space. These factors are very 
similar as Placemaking strategy elaborated by 
PPS (www.pps.org).   
There are plenty of the great examples of 
modifying microclimate conditions by greenery, 
supporting the water collection and its slow 
retention, implementation of new solution for 
vegetation into urban areas in Vienna, 
Copenhagen, Prague, Katowice, Hamburg, 
Budapest, Oslo and many other European 
cities. In Slovakia, there are only few cities with 
active approach on notable climate changes of 
urban environment. Many of the Slovakian 
cities implement local solutions, but the 
general urban strategy to climate change 
adaptation absent (except few cities as Trnava, 
Nitra, Zvolen, Košice, Bratislava). The 
municipal plans present future development of 
the cities, regulation of maximum built up areas 
and its compensation with greenery. The 
appropriate amount and quality of greenery is 
not sufficient and implementation of blue green 
infrastructure has not obligatory legal 
background, it is only on recommendation 
level.  

 



 Journal of Landscape Management (2020) Vol.: 11 / No. 2 

   

16 

 
 

 
Fig.1, 2: Two alternatives of landscape architectural design proposal of the park. Both proposals deal 
with water features, rainwater management, flowers and biodiversity of the site, using the permeable 
materials, increasing the attractiveness of the places and its recreational and educational functions 

(Authors: students of SUA Nitra, 2019) 



 Journal of Landscape Management (2020) Vol.: 11 / No. 2 

   

17 

 

 
 

Fig. 3: Visualization of chosen spaces: pool with the water jets and coffee house, flower beds as a rain 
gardens, climbing plants and edible plants at the children playground and flower meadow for 

supporting the biodiversity of the side (Authors: students of SUA Nitra, 2019) 
 
 
Faculty of Horticulture and Landscape 
Engineering, SUA in Nitra offers students the 
real experience with terrain analyses, 
elaboration of landscape architectural 
proposals of the sites, communication, 
discussion, and presentation on academic but 
also municipal level. This type of cooperation is 
profitable for both sides. The Municipality will 
get new fresh ideas for landscape architectural 
revitalisation of chosen places and students 
will obtain new experiences and skills. 
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Technical possibilities for Managed Aquifer Recharge (MAR): the Rye Island pilot area 
 

Michaela Červeňanská, Jakub Mydla, Andrej Šoltész 
 
Abstract 
Fast water transfer to rivers during flood situations causes a water deficit during dry periods. For long-
term retention of water in aquifers and its subsequent use in drier or heavier demand periods, the 
Managed Aquifer Recharge (MAR) techniques are studied and implemented in 4 pilot areas of the 
DEEPWATER-CE project funded by the Interreg CENTRAL EUROPE programme. In Slovakia, the 
area is located in the Rye Island and is bounded by irrigation channels providing background for 
technical possibilities for water flow control, i.e. creating Recharge Dam MAR. This MAR type will be 
investigated using the numerical modelling technique implemented by the Department of Hydraulic 
Engineering of the Slovak University of Technology in Bratislava in cooperation with the Water 
Research Institute 
 
Key words: DEEPWATER, Gabčíkovo-Topoľníky channel, MAR, Rye Island 
 
Introduction 
The natural frequent phenomenon of 
interlacement of dry periods and heavy 
rainfalls causes droughts and floods, both of 
which harm the economy and have a general 
adverse effect on the quality of living. The 
current management of floods, which 
concentrates on the fast water transfer to rivers 
and, finally, to the sea, causes a water deficit 
during dry periods (Stachniak, 2020). 
Therefore, the project focused on the potential 
storage of surplus water from heavy rainfalls 
and from the snow melt and for retention of 
river water to store it for dry periods, was 
funded by the Interreg CENTRAL EUROPE 
programme. Its name is DEEPWATER-CE: 
Development of an integrated implementation 
framework for managed aquifer recharge 
solutions to facilitate the protection of Central 
European water resources endangered by 
climate change and user conflict. The idea of 
the funded project consists of balancing water 
resources and flows using man-made 
measures, which replenish natural 
groundwater resources from short-lasting 
surface water surpluses, serve for long-term 
retention and use them in drier or heavier 
demand periods (Stachniak, 2020). 

The project aims to build a joint resource 
management strategy for Managed Aquifer 
Recharge (MAR) solutions (Fig. 1) to facilitate 
the protection of Central European water 
resources endangered by climate change and 
user conflict. The focus is on the retention of 
excess water from rainfall and surface water 
that can be used to recharge groundwater. The 
recharged water can then be harvested at 
times of need and used for drinking or 
irrigation. The project includes four pilot sites 
(Island of Vis, Croatia; Maros alluvial fan, 
Hungary; Podunajska lowland, Slovakia and 
Tarnów Waterworks, Poland) to investigate the 
potential of MAR in Central Europe. 
The Slovakian pilot area, the Rye Island, is 
located in the Podunajska lowland, in the 
southwestern part of the country. The local 
geology is characterized by fluvial Quaternary 
sediments, which determine the 
hydrogeological conditions. The hydrological 
conditions are also strongly affected by the 
construction of the Gabčíkovo water structure. 
The pilot area consists of a vast network of 
irrigation channels. Irrigation channels provides 
background for technical possibilities for water 
flow control, i.e. creating Recharge Dam MAR 
type (Fig. 1) (Stachniak, 2020).
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Fig. 1: MAR types verified in the framework of the ongoing research of the DEEPWATER-CE project 
 
 
Materials and Methods 
The pilot area is bounded by the Gabíkovo-
Topoľníky channel (S VII), Vojka-Kračany 
channel (A VII) and the Gabčíkovo supply 
channel, respectively by its seepage channel. 
After construction of the Gabčíkovo water 
structure, decrease of ground water level in the 
adjacent area of the Danube was observed. 
Groundwater regime as well as the water level 
regime in drainage channels changed. To 
improve and to control the groundwater regime 
in the floodplain area, a water supply structure 
situated on the left-hand side of the seepage 
channel was constructed. This structure allows 
an artificial water supply into the branch 
system and consequently into the groundwater 
(Sikora, Slota, 1992; Šoltész, 2002; 
Červeňanská et al., 2016). 
For retention of surface water in aquifers and 
for recharge of groundwater and its 
subsequent using for irrigation during dry 
periods, the Recharge Dam MAR type will be 
investigated using the numerical modelling 
technique. This technique will be implemented 
by the Department of Hydraulic Engineering of 
the Slovak University of Technology in 
Bratislava in cooperation with the Water 
Research Institute, the main DEEPWATER-CE 
project partner from Slovakia. 
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Extensive Green Roofs Using Species of Stonecrops (Sedum L., Crassulaceae) - Part of the 
Green Infrastructure and Urban Landscapes 

 
Roberta Štěpánková, Miroslav Čibik, Ľubica Feriancová 

 
Abstract 
Vegetative roofs, also known as green roofs, are thin layers of living vegetation that represent the 
possibility of creating a natural element even in urban structures, which can be an effective tool for a 
sustainable urban ecosystem. Their design therefore requires a special attention. The aim of this 
paper is to present the importance of green roofs in the local, but also in a broader understanding. 
Their valuable asset and benefits are directly related to the green infrastructure, which is more 
specified in this work. The research itself deals with the suitability of flowering herbaceous plants for 
extensive vegetative roofs. The study also focuses on the interpretation of the results from 
measurements of specific perennials as representatives of different perspectives on the overall quality 
of extensive green roofs. The next phase of the research focuses on a group of stonecrops which, 
thanks to their metabolic abilities, stimulated the establishment of an experimental roof garden. The 
planting of Sedum acre, Sedum album, Sedum sexangulare, Sedum spurium and Sempervivum 
tectorum species was realized in Fiľakovo (Central Slovakia). All layers that need to be made during 
the implementation of the vegetative roof are defined, as well as a description of the implementation of 
segmental planting of stonecrops. The last part of the experimental part of the paper is the general 
procedure of implementation and maintenance of green roofs. The results reveal how it is possible to 
efficiently and easily create a functional element of the green infrastructure at the regional level and in 
urban landscapes. 
 
Key words: green infrastructure, urban greenery, extensive planting, extensive green roofs, stonecrops 
 
 
Introduction
Recently, environmental problems have 
become so acute that new, ecologically 
motivated criteria for living in built-up areas are 
becoming necessary. Buildings, streets and 
squares are dominant elements of the urban 
landscape, and therefore it is most necessary 
to integrate them into the green concept. 
Vegetative roofs represent the possibility of 
creating a natural element even in a 
considerably built-up area. The urban 
environment of large cities does not provide 
enough space for classic areas of greenery 
with large trees. An alternative solution is the 
application of vegetation on roof structures, 
which are not otherwise used. These green 
areas can fulfill all the functions provided by 
the commonly used greenery in cities. The use 
of such roof gardens allows a significant 
expansion of areas in the city organism and in 
the open country and also to integrate building 
into the surrounding environment. Due to 
extreme conditions for greenery, such 
modifications are most often established as 
extensive or very simple intensive roof 
gardens. With the adoption of the Global 
Strategic Plan for Biodiversity Protection for 
2011-2020, the Slovak Republic was obliged to 
update the National Strategy, on the basis of 
which we proceeded to adopt the Updated 
National Strategy for Biodiversity Protection 
until 2020 (approved on the 8th of January 

2014, decision No. 12/2014). The aim is to 
create a policy framework for halting the trend 
of biodiversity loss and its recovery to the 
greatest practicable extent, transition to a 
green economy and reflecting all adopted 
strategies that focus on the protection and use 
of biodiversity (MoE SR, 2014). 
 
Theoretical departures 
The presented article thematically focuses on 
the issue of green roofs, as well as the search 
for their interconnection with green 
infrastructure and urban structures with the 
intention of preserving the idea of a 
sustainable multifunctional part of the 
urbanized space. Green infrastructure (GI) is 
defined as a network of natural or semi-natural 
features, areas and green spaces in both rural 
and urban areas and their role is to improve 
the condition of ecosystems, contribute to the 
protection of biodiversity and bring benefits to 
people by providing ecosystem services 
(Naumann et al., 2011). We can consider it as 
an ingenious, mainstream term that, from the 
point of view of the public, politics and the 
economy, gives a new meaning to traditional 
activities aimed at nature protection and the 
creation of the environment (Miklós, 2018). It is 
a part of many European strategies and 
policies dealing with the protection of 
biodiversity, climate change, protection of 
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water resources, flood prevention, etc. 
(Zaušková, 2015). According to Hudeková 
(2018) in Slovakia, however, it is still possible 
to talk about a new concept, which has not 
been established in our conditions so far, both 
due to a non-uniform definition, but also due to 
the lack of methodology to clarify the concept 
of green infrastructure. Green infrastructure is 
an important cross-cutting mitigation and 
adaptation measure for climate change for all 
sectors (SAŽP).  Hudeková (2018) considers 
these elements of green infrastructure: 
 
- green areas created by human activity in 
settlements (public greenery - parks, squares, 
accompanying greenery - alleys, roadside, 
street greenery, greenery of residential 
complexes, private greenery, reserved 
greenery - cemeteries, etc.) 
- natural ecosystems valuable in terms of 
nature and landscape protection (NATURA 
2000, territorial system of ecological stability, 
forest and wetland communities, etc.) 
- artificial elements of greenery (often grade-
separated) (green roofs, roof gardens 
(ornamental or production), green walls and 
facades, wildlife crossings) 
- line elements of greenery (wildlife corridor, 
avenue, alleys, green belts, etc.) 
- natural and semi-natural water and wetland 
elements in settlements (watercourses and 
areas, rain gardens, elements intended for the 
capture and precipitation of rainwater, etc.). 
 
Due to the wide range of the issue, an 
important part and important element is the 
application of vegetation on roofs in connection 
with the ability to regulate water management, 
positively influence climatic conditions or 
cultivate the environment. Wider application of 
just such plantings is a question of realizing the 
need for real fulfillment of the European Union 
Strategy (2013) in the field of biodiversity until 
2020, namely its 2nd goal, which is focused on 
ecosystem services of green infrastructure 
(Tóth, 2018). This also represents the 
expansion of green spaces in alternative areas 
in the built-up environment, as these can play 
an important role in mitigating the negative 
effects of climate change. Doubts about the 
duty to prepare for climate change are voiced, 
but experts declare the impossibility of 
stopping or reversing it - only slowing it down. 
However, this slowdown requires bold 
solutions. The already fully developed theory of 
"green infrastructure" in the world shows new 
modern approaches, where water 
management through the expansion of green 
areas on the roofs of buildings and the 

application of water retention measures has 
already become one of the key solutions in the 
long-running fight against climate change. 
Materials and methods 
We have been researching the suitability of 
flowering herbaceous plants for extensive 
vegetative roofs since 1997. We assumed that 
many of our domestic xerophytic perennial 
species with good vitality are suitable for 
extensive vegetative roofs. Due to the fact that 
perennial herbaceous plants are the largest 
ecological-growing group of ornamental 
herbaceous plants, which includes species 
from geographically and ecologically different 
habitats, we focused this selection only on 
horticulturally important, our domestic, seldom 
planted, or introduced perennial xerophytic 
herbaceous plants. The reason for choosing 
this ecological-growing group of perennial 
herbaceous plants is a certain analogy of 
climatic, pedological and hydrological 
conditions of the technogenic environment of 
roofs with conditions of natural occurrence of 
arid herbaceous plants, originating from 
prominent stony slopes and borders. The basic 
literature background for defining the range of 
xerophytic Central European herbaceous 
plants was the work of Ellenberg et al. (1991). 
From the seven ecological characteristics 
given by Ellenberg for each herb, we selected 
249 species of herbaceous plants that can be 
considered as xerophytic herbaceous plants 
based on its ecological demands on humidity, 
light and temperature. This range includes both 
ornamental and ruderal herbs, regardless of 
their aesthetic value. The given number of 
selected species cannot be considered as final 
one. It could be supplemented by interfering 
species, e.g., into mesophytic communities, or 
seldom infertile in our environment, etc., which 
would significantly expand the range of 
monitored herbaceous plants. However, the 
aim was to point out their basic ecological and 
cultivation principles in the possible application 
on extensive roof plantings. Herbaceous plants 
with xerophytic character represent a wide 
range of plants growing in habitats with a small 
and unevenly distributed amount of 
precipitation and even a high intense 
proportion of sunlight. In their natural habitats, 
they are associated with xerophytic plant 
communities, or species with a wider 
ecological amplitude. Some merge into plant 
communities of a mesophytic character, or into 
communities of southern oreophytes. It is 
practically impossible to determine the exact 
boundary between the ecological-growing 
group of oreophytes, xerophytes and 
mesophytes. Within the research (1997 to 
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2000), the types of xerophytic herbaceous 
plants for extensive vegetation roofs were 
investigated. By comparing 249 xerophytic 
herbs with other authors, Dostál, Jurko, 
Kuťková, Ondřej, Marhold & Hindák, 153 
species of herbs were selected in the territory 
of the Slovak Republic of original, wild-
growing, xerophytic herbs (Feriancová, 2000). 

We consider selected taxa to be able to 
provide the desired color effect during the 
entire growing season. These perennial 
xerothermic herbs are potentially suitable and 
usable for planting in extensive roof gardens. 
Subsequently we focused on 33 selected 
species (2015-2018) (Feriancová, Štěpánková, 
Mňahončáková, 2019). 

 
Tab. 1: Selection of xerophytic herbaceous plants processed in the publication. 
 

n. BOTANICAL NAME FAMILY 
1 Adonis vernalis L. Ranunculaceae 
2 Achillea millefolium L. Asteraceae 
3 Alyssum montanum L. Brassicaceae 
4 Anthericum liliago L. Liliaceae 

5 
Armeria maritima (Mill.) 
Willd. Plumbaginaceae 

6 Aurinia saxatiis (L.) Desv. Brassicaceae 
7 Carlina acaulis L. Asteraceae 
8 Cerastium arvense L. Alsinaceae 
9 Coronilla coronata L. Fabaceae 
10 Cota tinctoria (L.) Gay Asteraceae 
11 Dianthus deltoides L. Caryophyllaceae 
12 Festuca ovina L. Poaceae 

13 Filipendula vulgaris 
Moench Rosaceae 

14 Geranium sanguineum L. Geraniaceae 

15 
Globularia  punctata 
Lapeyr. Globulariaceae 

16 Inula hirta L. Asteraceae 
17 Linum perenne L. Linaceae 
18 Potentilla arenaria Borkh. Rosaceae 
19 Potentilla argentea L. Rosaceae 
20 Salvia pratensis L. Lamiaceae 
21 Sedum acre L. Crassulaceae 
22 Sedum album L. Crassulaceae 
23 Sedum sexangulare L. Crassulaceae 

24 
Sedum spurium Marsch.-
Bieb. Crassulaceae 

25 Sempervivum tectorum L. Crassulaceae 
26 Senecio doria L. Asteraceae 
27 Stachys byzantina K.Koch Lamiaceae 
28 Teucrium chamaedrys L. Lamiaceae 
29 Teucrium montanum L. Lamiaceae 
30 Thymus serpyllum L. Lamiaceae 
31 Thymus vulgaris L. Lamiaceae 

32 
Tithymalus cyparissias 
(L.) Scop.  Euphorbiaceae 

33 
Tithymalus epithymoides 
L. Klotzsch et Garcke Euphorbiaceae 

 
 
The next phase of research is focused on a 
group of stonecrops, because new findings, 
e.g., about their metabolism led us to establish 
an experimental roof garden (IV / 2020), where 
the growth rate, intensity of vegetation 

involvement and its vitality will be monitored 
and evaluated. The genus Sedum is an 
extensive genus of flowering succulent plants 
in the family Crassulaceae. We assume that 
they are predestined for extensive green roofs 
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in terms of their ability to store water as well as 
in terms of their resistance to drought and 
wind. Another benefit is that they are available 
in different color varieties. 
Research background 
From the published report processed within the 
EU LIFE program, project of the LIFE17 
GIC/CZ/000107 LIFE TreeCheck: Green 
Infrastructure Minimizing the Urban Heat Island 
Effect (Horváthová, 2019) results that the 
ability of stonecrops to survive in extreme 
conditions lies on their metabolism. Stonecrops 
show the so-called crassulacean acid 
metabolism (CAM). CAM is an important 
elaboration of photosynthetic carbon fixation 
that allows chloroplast-containing cells to fix 
CO2 initially during the night using 
phosphoenolpyruvate carboxylase in the 
cytosol. As the stomates of the CAM plants are 
closed during the day, gases are exchanged at 
night, reducing water loss during transpiration. 
The author of the Report summarized the 
researches in the years 1996-2018, done by 
several well-known authors from around all the 
world who dealt with the issue and based on 
the findings the author presents that the 
stonecrop Sedum spp. maintained an active 
photosynthetic metabolism even after 4 
months without water and that the stonecrop 
Sedum rubrotinctum survived even two years 
without water. Some types of stonecrops can 
even switch from C3 to CAM in response to the 
amount of available water. During periods of 
water-rich growth, stonecrop grows faster (C3 
metabolism), while during periods of drought it 
may change to CAM metabolism. Horváthová 
(2019) refers to the authors' findings that the 
ability to switch between CAM photosynthesis 
and C3 is the reason for its successful growth 
on green roofs. Differences in the metabolism 
of low grasses (applied to extensive vegetative 
roofs) and stonecrops also affect other 
properties of these plants, e.g., ability to store 
carbon. Table 2 offers a comparison of the 
main characteristics of stonecrops and low 
grasses. 
 
Table 2 shows that the advantages of 
stonecrops for survival in dry conditions turn 
into disadvantages in some aspects. For 
example, the stonecrop has a lower 
precipitation retention rate and the potential to 
improve air quality because it closes stomates 
during the day. In addition to stonecrops, some 
other species have the CAM metabolism, e.g., 
from the family Portulacaceae, Crassulaceae 
and Euphorbiaceae, which are equally suitable 
for growing on green roofs. The Report also 
states that the retention potential of green 

roofs is influenced by evaporation (water 
enters the atmosphere from the soil) and 
transpiration (water is released into the 
environment through leaf stomates). Retention 
potential further depends on the type and 
thickness of the substrate, the slope of the 
roof, the type of drainage elements, the type of 
vegetation, the amount of rainfall and the 
length of the previous no-precipitation period. 
Grasses are more effective than stonecrops in 
the case of water retention, due to their 
different metabolisms (C3 and C4 - grasses 
against CAM - stonecrop). Stonecrops retain 
less water because they are slow-growing, 
succulent species with a lower leaf area index, 
so they have a lower rate of transpiration and 
thus water retention. It has also been found 
that certain grass species have a higher 
potential to reduce rainwater runoff from large 
green roofs than stonecrops. Stonecrop 
surfaces had even higher water runoff than 
exposed soil in the research, and also higher 
plant species reduced water runoff more. Soil 
water retention is also affected by root growth, 
which is greater in the case of grasses than in 
stonecrops. The Report states that further 
research from 2010 confirmed the greatest 
water retention by grasses, less tall broadleaf 
plants, creeping broadleaf plants and 
succulents. Although some of the 2007 studies 
mentioned in the Report indicate that runoff 
from stonecrop surfaces is higher than runoff 
from grass surfaces. The fact is that 
stonecrops use water faster when it is 
available but reduce water consumption during 
the dry season. Stonecrops are therefore able 
to significantly reduce runoff. One of the 2008 
studies presented in the Report states that 
green roofs retained the entire volume of small 
rainfall (less than 10 mm) and for rainfall of 12 
mm, the retention rate is ranged between 88%   
 
and 26%. There is also declared a reduction in 
runoff from green roofs in the range from 50% 
to 100%. This was written in research from 
2011 and 2018. The amount of retained 
precipitation depends on the type of green 
roof, the composition of the substrate, its 
depth, humidity, the slope of the roof, the plant 
species, the intensity and duration of the 
precipitation. These studies were more 
detailed described following the previous ones 
in 2005 and 2006, which found that vegetative 
roofs reduce and slow down maximum runoff 
and contribute to mitigating rapid floods. 
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Tab. 2: Differences between low grasses and stonecrops (Horváthová, 2019). 
 
 GRASSES STONECROPS 

Best adapted to life 
in the environment 

Grasses C3 – cold, wet  
Grasses C4 – hot, sunny in a very hot and dry 

Opening of stomates  during the day during the night 

Water retention higher lower – lower transpiration 

 - evaporation 0 0 

 - transpiration higher lower – stomates are closed 
during the day 

Impact on rainwater 
quality 

the possibility of deterioration due to 
fertilization  

Impact on air quality 
 

minor effects – stomates are 
closed during the day 

Carbon storage 
 

lower potential - slower growth 
rate 

Albedo no difference was noted between grasses and stonecrops 

 
Notes: 0 - no difference; evaporation - a physical process in which water enters the atmosphere from 
the soil; transpiration - a physiological process of plants in which water is released through stomates 
into the environment (Horváthová, 2019). 
 
 
 
Practical background of the research 
 
1. Technical parameters of the vegetative roof 
with a description of the roof layers. 
 

 
 
Fig. 1: Section of the vegetative roof (authors) 

 
 
Fig. 2: Plan of the vegetative roof (authors) 
 
2. Implementation of segmental planting of 
stonecrops. 
 
The planting of the species Sedum acre, 
Sedum album, Sedum sexangulare, Sedum 
spurium and Sempervivum tectorum was 
carried out on the 8th – 9th of April 2020 in the 
locality of Fiľakovo, Tehelná 14.  
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Fig. 3: Segment planting and placement of 
mats (Feriancová, the 10th of April 2020). 
 

 
 
Fig. 4: Planting detail Sempervivum tectorum, 
Sedum acre, Sedum spurium (Feriancová, the 
10th of April 2020). 
 
The pre-grown plants were planted in a 
lightened lava substrate (8 cm thick), intended 
by AGRO CS for extensive roof gardens. Its 
choice was determined by the optimal bulk 
density, resistance to wind and water erosion, 
hydroaccumulation ability ensuring sufficient 
aeration at full water saturation and at the 
same time sufficient water permeability. Its 
advantage is also the low proportion of clay 
particles that could clog the drainage layer. As 
it is a substrate with a lower proportion of 
organic components, it is necessary to take 
into account its supplementary nutrition during 
planting. In addition to planted individuals of 
stonecrops, 4 mats (1m x 0,8m) consisting of 
the same species were placed on the roof. 
After planting, the plants were watered as 
needed and according to the current weather, 
and on the 3rd day we also applied nutrition 
(fertilizer) with a component to suppress weed 
growth. 
 
3. Maintenance and care of the vegetative roof. 
 
In this phase of the development of an 
extensive vegetative roof, we assume care 
until 90% of the area is covered by stonecrops 
by the method of foundation planting chosen 
by us for 2-3 years. The dynamics of the roof 
covering will be closely monitored. 

 
 
Fig. 5: Appearance of the vegetative green roof 
(Feriancová, the 6th of July 2020). 
 
Care represents: 
- supply of nutrients with coated long-term 
fertilizer - NPK in a dose corresponding to 
5g.m-2 nitrogen per year 
- irrigation of the area during prolonged 
drought, because the roof is sloping and is 
exposed to strong sunlight 
- removal of undesirable vegetation 
- addition of stonecrop cuttings, or their 
planting at the site of major outages 
- substrate replenishment in case of erosion. 
 
Conclusion 
This paper provides a review on green roofs, 
extensive vegetative roofs, green infrastructure 
and green urban landscape solutions with a 
focus on extensive planting. Based on the 
provided review and the Global Strategic Plan 
for Biodiversity Protection for 2011-2020, we 
define that together with various other 
elements suitable to achieve greater 
biodiversity, as well as the protection and use 
of biodiversity, can be roof gardens very useful 
to achieve the main goal. The prevention of the 
main problems and conflict situation that 
appear in urban areas with regard to greenery.  
The established experimental green roof is an 
example of the solution of roofing areas of 
smaller buildings. It can be used in urban and 
rural settlements as well as in public spaces as 
well as on private land. It is a simple, fast and 
inexpensive example of how to ensure the 
development of green infrastructure in an 
urban environment. Green roofs are also a 
suitable solution for various smaller types of 
buildings, such as bus stops, carports, sheds 
for bins and other similar elements. The 
presented solution is an example of how to 
secure and create a functional element of the 
green infrastructure of the urbanized area.  
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Possibilities of flood protection of the Trebišov City 
 

Andrej Šoltész, Peter Leško, Jakub Mydla 
 
Abstract 
The goal of the contribution is to review the possibilities of flood protection of the county city Trebišov 
against flood situation which can occur on the Trnávka stream flowing along the city. The analysis was 
performed by mathematical modelling using HEC-RAS software.  Based on Trnávka drainage basin 
reconnaissance, own measurements in situ and study literature relating thereto a proposal of several 
technical measures for safe run-off in the Trnávka river bed has been elaborated and consequently 
evaluated from hydraulic point of view. Mitigation of flood discharges was ensured through lateral 
spillway structures directed the excessive water flow towards existing drainage system connected with 
Hraň pumping station to Ondava River. Presented contribution includes the evaluation of flood 
situation in 2010 and recommendation for mitigation of the flood wave. 
 
Key words: Flood protection measures, mathematical modelling, HEC-RAS software, drainage system 
 
 
Introduction 
The Trnávka stream is a 36,6 km long right-
hand tributary of the Ondava River. Both 
streams are situated in the region of East 
Slovak Lowland (ESL) close to the Trebišov 
city (Fig. 1). First water management 
modifications were carried out after 
establishing institution called Water society for 
the Ondava River in 1848 (Kundrát et al, 
1998). Activities of the Water society were 
closely connected with the development of the 
run-off conditions on the Trnávka stream. The 
main problem was that flood situation occurred 
mostly in the period of simultaneous flood 
situation on the Ondava River. It has caused 
backwater and no possibility for the Trnávka 
stream to drain the flood wave. For this 
purpose, a three field flood gate (1886) on the 
Trnávka stream was built up in front of the 

mouth into the Ondava River (Fig. 2) and 
excessive water was released through system 
of culverts and lateral spillways into drainage 
area of adjacent lowland towards the pumping 
station in Hraň (Šoltész, 2006). 
There were several floods during last 150 
years in this region, example for such critical 
situation was the flood in May 2010 when all 
neighboring rivers and streams have reached 
their maximum records of water levels and 
discharges, as well. Critical situation during 
this flood occurred mainly on the Ondava River 
(dam breach of right-hand protection dyke (rkm 
10,100 and left-hand protection dyke (rkm 
12,800) as well as on the Trnávka stream 
(number of dam breaches of left-hand 
protection dyke in rkm 5,500; 8,970; 9,030 and 
16,100), (Fig. 3).  
 

 

 
Fig. 1: The area of interest – the Trnávka stream 
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Fig. 2: The flood gate on the Trnávka stream in Hraň, rkm 0,270 (photo Leško) 

 
 

 
Fig. 3: Dam failure on the Ondava River in the year 2010 

 
Materials and Methods 
For flood protection solution all necessary data 
were obtained from the local administrator of 
the Trnávka and Ondava river basins - Slovak 
Water Management Enterprise (SWME), 
direction in Trebišov. They consist of 
morphology of the Trnávka stream as cross 
sections and longitudinal slope of the river bed, 
parameters of protection dams and all 
operational structures on the stream. One of 
them is a culvert for releasing surplus water 
directly into drainage channel (Fig. 4). The 
culvert was one of the structures which was 
considered at the analysis of possible flood 

protection solution of the Trebišov city. The 
capacity of it is approx. Q = 16 m3. s-1. 
Although, morphologic data were available, it 
was necessary to append them by own in situ 
measurements for proper calibration process 
of the utilized mathematical model. 
Hydrological data for the solution were 
obtained from Slovak Hydro-meteorological 
Institute (SHMI). They concerned primarily the 
flood situation in the year 2010. There were 
three flood situations, the most serious was in 
May 2010, (Fig. 5, in the middle). The value 
has reached almost Q50. 
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The mathematical modelling itself involved 
steady and unsteady calculation using HEC-
RAS modelling software (Brunner, 2016). For 
water level transfer in the Trnávka river bed the 
1-D version of the modelling tool in steady 
conditions was applied to determine the 
capacity of the Trnávka river bed (Leško, 2020, 
Mydla et al., 2019).  
Next step was the analysis of unsteady 
conditions during the flood situation to 
determine the water level altitude with no use 

of flood protection measures. This analysis 
was consequently integrated by 2-D 
mathematical modelling of released surface 
water through mentioned lateral structures as 
culverts or spillways into the adjacent lowland 
region. Using the calibrated mathematical 
model several flood protection measures have 
been introduced, hydraulically analyzed and 
evaluated from water level transformation point 
of view, Fig. 6 (Leško, 2020). 

 

 
Fig. 4: Culvert on the Trnávka stream, rkm 9,380 (photo Leško) 

 

 
Fig. 5: Water level course in Trnávka stream in 2010 
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Fig. 6: Discharge course through culverts at 
different flood situations (Q10 – Q100) 

 
 
The graph in the Fig. 6 illustrates the course of 
the discharge of released water through the 
culvert in rkm 9,380 and the culvert in front of 
the flood gate (rkm 0,270) of the Trnávka 
stream. The flood gate to the Ondava River is 
closed and the water is flowing towards the 
main drainage channel of the Hraň pumping 
station (Q = 8,2 m3.s-1) as well as auxiliary 
pumping station Július (Q = 5,64 m3.s-1). The 
volume of the released water was V = 3,64 mil. 
m3 and it could be pumped into the Ondava 
River approx. within three days (Kutný, 1995).  
According to hydraulic analysis additional flood 
protection measures have been introduced into 
the prognosis and they have been analyzed 
and evaluated. From the results of the analysis 
came out alternatives of flood protection 
measures which seemed to be most 
appropriate from flood wave transformation 
point of view. Evaluation of all alternatives 
concerned the real flood wave course from 
year 2010 which was evaluated as a wave with 
culmination at Q50. When introducing the fact 
that protection dams of the Trnávka city are 
protecting the town to maximum discharge of 
Q20, it is necessary really to find out proper 
measures for safety run-off of similar flood 
waves.  
 
Conclusion 
The Trebišov city is protected against floods of 
Q20 value what is really insufficient for a county 
city. Therefore, authors strive to find a solution 
to increase the flood protection of the city using 
hydraulic analysis by mathematical modelling 
of water level and discharge regime of the 
Trnávka stream. For the effort the 1-D and 2-D 

HEC-RAS mathematical model was used to 
evaluate proposed flood protection measures 
from hydrological point of view.  The goal was 
to increase the flood protection at least up to 
Q50 value what was the flood situation in May 
2010.  Considering the possibility to release 
the surplus water into the lowland region on 
the left side of the Trnávka stream (mostly with 
no agricultural production, Fig. 1), the main 
effort was concentrated to such solutions. 
There are existing culverts and lateral 
spillways which can help to handle the flood 
situation but it seems to be insufficient. 
Therefore, additional lateral spillways have 
been introduced into the analysis with the 
possibility to divert the surplus water into the 
drainage channels in the region between the 
Ondava River and the Trnávka stream and 
towards pumping stations of internal water. 
The proposed measures were discussed with 
the SWME administrator and were in full 
conformity with the planning of water 
management of the SWME in this region. 
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