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Landscapes of recovery in urban environments: How can hospital open spaces contribute to 

Health and Well-Being  
 

Denisa Halajová, Attila Tóth, Mária Bihuňová 
 

Abstract  
The article is dedicated to the issue of hospital gardens and green spaces and their design principles, 
which have been tested and applied on the case study of the Faculty Hospital in Nitra. The recovery 
effect of natural elements in health care facilities proves to be important for all user groups - patients, 
employees and visitors. In Slovakia, the widely proved and recognised positive effects of nature are 
still not systematically implemented and integrated in the healing process, which currently takes place 
almost exclusively in interiors of hospitals and health care facilities. On the example of different 
student approaches to the commissioned open space design of the Faculty Hospital in Nitra, we 
highlight diverse possibilities to apply healing garden principles. The general goal of the design studies 
was to reduce stress for patients, staff and visitors; to enhance the healing process through contact 
with nature, to improve the accessibility of open spaces for all patient groups according to their 
physical disabilities; and to create attractive environments for the wider community using the open 
green spaces of the hospital. 
 
Key words: healing gardens, hospital open spaces, garden therapy, health and wellbeing, landscape 
architecture, research by design 
 
 
Introduction  
Gardens have always been integral parts of 
medical institutions, be it monasteries, 
hospitals or sanatoria. They are important for 
mental health and emotional wellbeing of 
patients, their families and healthcare staff 
(Ulrich, 2002). Health is defined by World 
Health Organisation as a state of complete 
physical, mental and social wellbeing and not 
merely as the absence of disease or infirmity 
(WHO, 2006). This understanding of health 
and the growing knowledge of restorative 
effects of nature on people´s health have led to 
establishment of healing gardens at hospitals 
and other medical facilities (Ulrich, 1984). 
Many authors in this context highlight stress 
reduction and mental balance recovery 
(Cooper-Marcus and Barnes, 1999, Ulrich, 
2002, Barmelgy, 2013), which is strongly 
influenced by the proximity and accessibility of 
green spaces (Paine & Francis, 1990; Cooper-
Marcus & Barnes, 1995). The positive effect of 
therapeutic landscapes and garden therapy on 
people (Adevi, 2012; Finlay, 2015) can be 
further enhanced through the use of right 
medicinal plants (Arslan, 2018) and their 
integration into hospital garden design for 
specific groups of patients, from children to 
elderly people. Green care is an umbrella term 
for a wide range of health-promoting 
interventions that use both biotic and abiotic 
elements of nature in their treatments 
(Haubenhofer, 2010). Research on hospital 
greenery shows that well-designed healing 
gardens in hospitals and healthcare facilities 

reduce stress, improve clinical outcomes, 
provide opportunities for escape from stressful 
clinical settings, heighten patient/consumer 
satisfaction with healthcare providers, increase 
care quality, and consequently improve 
economic outcomes by reducing the costs of 
care (Ulrich, 2002).  
In Slovakia, the importance of healing effects 
of hospital environment, including open 
spaces, is still undervalued and not supported 
by investments. Therefore, when our 
department was asked by the management of 
the Faculty Hospital in Nitra to work on the 
design of the hospital green and open spaces, 
we considered it as a great opportunity. 
Student teams led by three teachers 
developed ten design solutions for the hospital 
garden, while implementing medicinal planting 
design principles. This paper highlights some 
of the most important outcomes of the project. 
 
Materials and methods  
The Faculty Hospital in Nitra is located in the 
wider city centre, surrounded mainly by 
residential spaces and healthcare services. 
The hospital area is 10.5 ha and has a 
pavilion-type layout. The oldest surgical 
pavilion built in 1894 is now a national cultural 
monument. The hospital was extended in the 
1950s and the newest pavilion was completed 
in 2011. 
The design assignment included open spaces 
in front of the three most visited pavilions – the 
surgical, the new medical and the 
gynaecologic-urological pavilion. The 
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methodology consisted of the inventory of the 
current situation, including woody plants, 
facilities and site furniture; analyses of the area 
in terms of its operation and use, transport, 
spatial composition and history; determining 
the main positives, negatives and limits of the 
area; defining the design aim and goals; and 
developing different design solutions according 
to hospital garden design principles by Cooper 
and Barnes (1999) and Paraskevopoulou and 
Kamperi (2018). 

 
Results 
There is a conflict between intensive car traffic 
and pedestrians (patients, employees and 
visitors), especially on the main access road. 
The current technical condition and capacity of 
the hospital road network is insufficient. There 
is a lack of parking spaces and the pedestrian 
trail system is not dense enough and does not 
provide barrier-free access. The main access 
road is the main compositional axis. The 
original landscape composition from the end of 
the 19th century consisted of formal ornamental 
plantings. Historical photos show central open 
spaces in front of the oldest pavilions with 
benches and small deciduous trees. However, 
this open space design has not been 
preserved. Green spaces currently represent 

50 per cent of the overall hospital area. Their 
design in front of the pavilions is regular with 
hedges and flower beds with roses and 
annuals. The linden alley along the main road 
has been partly preserved. Other green spaces 
between the pavilions have a rather irregular 
composition with high trees that create shady 
areas. There is no higher vegetation in front of 
the new pavilions, while lawns and coniferous 
shrubs prevail. There are in total 107 trees, 49 
shrub groups and 17 woody plant species 
around the three pavilions. The most common 
tree species are Acer platanoides L. (17.8%), 
Thuja occidentalis L. (15 %), Picea pungens 
Engelm. (14%), Betula pendula Roth. (10.3%), 
Tilia cordata Mill. (8.4%) and Thuja plicata 
Donn ex D. Don (8.4%). Deciduous trees with 
nine species represent 45 per cent and 
coniferous trees with 8 species 55 per cent of 
trees. Shrubs are mainly represented by Rosa, 
Taxus and Spiraea. The existing woody plants, 
fountains and a chapel date back mainly to the 
2nd half of the 20th century, when new pavilions 
were built. The technical condition of site 
furniture, lighting and artistic elements is poor 
as they have not been well maintained. Site 
furniture has to be suitable for disabled users 
and placed on frequented areas. 

 

 
Fig. 1: The oldest hospital pavilion built in 1894. (Source: Klub priateľov starej Nitry, 2011). 

 

 
Fig. 2: The second-oldest hospital pavilion of the Regional Hospital in Nitra in 1898 with typical formal 

landscaping of the period, including small-canopy deciduous tree plantings that have not been 
preserved (Source: Klub priateľov starej Nitry, 2011). 
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Fig. 3: The main promenade with mature woody plants in the older part (left) and open lawns in the 

newer part (right). 
 
The current condition of the hospital area is 
negatively impacted by intensive use, as well 
as insufficient parking and maintenance. There 
is neither a green space concept, nor attractive 
resting places. Open spaces are not very well 
used. A strong positive of the area is the high 
share of open green spaces and a relatively 
good condition of greenery. 
Cooper and Barnes (1999) did a typological 
study on outdoor spaces in hospital settings, 
while having defined the following types: 
Landscaped Grounds, Landscaped Setback, 
The Front Porch, Entry Garden, Courtyard, 
Plaza, Roof Garden, Roof Terrace, Healing 
Garden, Meditation Garden, Viewing Garden, 
The Viewing/Walk-in Garden, A Tucked-Away 
Garden, Borrowed Landscape, Nature Trails 
and Nature Preserves, and Atrium Garden. 
Based on this classification, we have identified 
the following garden types in our case study: 
Plaza of the Surgery Pavilion, Entry Garden of 
the Urology and Gynaecology Pavilion, 
Meditation Garden of the Psychiatric Clinic and 
Courtyard of the New Medical Pavilion, while 
the first three sections are connected through 
the main boulevard. 
Paraskevopoulou - Kamperi (2018) based on 
their pre-and post-occupancy research findings 
of existing healing gardens in hospitals argue 
that hospital healing garden design must be 
tailored to the needs of each patient group. 
From the recommended general design 
principles, the following were implemented in 
our student design studies of the hospital open 
spaces:  

 creating a barrier-free environment 
with short-distances and enhancing 
the accessibility of open spaces, 

 creating good micro-climate conditions 
throughout the year (shaded, half-
shaded and sunny areas, air humidity), 

 installing comfortable seating with 
diverse levels of privacy (private, semi-

private, and public), use of diverse site 
furniture (benches, single seats, deck 
chairs, tables) with barrier-free access, 

 designing gardens for view from the 
windows, while maintaining their user 
privacy,  

 creating an aesthetic environment that 
can balance the negative aspects of 
hospitalisation.   

When designing healing gardens for the 
different hospital pavilions, two main aspects 
were to be considered – 1) open space type 
(square, garden, etc.) that is mainly defined by 
the operation of the pavilion and type of 
patients; and 2) whether the health condition 
and diagnosis of patients requires a special 
design approach, including plant selection and 
planting design.  For this design principles 
recommended by Paraskevopoulou - Kamperi 
(2018) were applied and tested based on 
different types of patients and their healing 
process.  
The Meditation Garden of the Psychiatric Clinic 
provided the opportunity to implement most of 
the special design principles of healing 
gardens as patients with mental diseases are 
highly considered in garden therapy literature 
and practice. However, the meditation garden 
in our case study is situated in a publicly 
accessible space, thus these principles could 
only be applied to a certain extent. The existing 
chapel is in the design considered as the main 
element that would be surrounded by garden 
sections providing more privacy for users. The 
garden enables contact with nature through the 
user’s senses (raised beds with perennials 
blooming in warm colour tones), comfortable 
sitting possibilities, shelter from the sun (non-
allergenic deciduous trees, pergolas), family 
atmosphere, autonomy-independent 
movement (inclusive and barrier-free design) 
and activities (passive garden therapy, 
meditation, contemplation).  
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Fig. 4: Raised perennial beds enabling a direct contact with nature, creating an intimate space for 

meditation at the chapel using flower beds and a pergola. Trees provide shade for users of the 
meditation garden of the psychiatric clinic in the summer season (students: G. Fedorčák, L. 

Pospišilová; teacher: D. Halajová; Source: Halajová et al., 2018). 
 
 
The other gardens such as the Entry Garden of 
Urology and Gynaecology, Courtyard of the 
New Medical Pavilion and the Plaza of the 
Surgery Pavilion were not designed with 
special conditions for a specific group of 
patients. These are spatially and functionally 
linked with the hospital pavilions and therefore 
their open spaces were designed according to 
general principles of healing gardens and the 
typology of specific spaces for the broader 
community, be it patients, employees, family 
members or inhabitants of the city district who 

can use open spaces of the hospital as a 
district park. All three gardens were planned as 
representative spaces and outdoor waiting 
rooms at the entrances to pavilions. The main 
design goal was to reduce stress through 
contact with nature, barrier-free access, 
convenient microclimate and provision of 
possibilities to sit outdoors in a set of micro 
spaces with a varying degree of privacy (figure 
5, figure 6).  
 

 
Fig. 5: Plaza of the Surgery Pavilion – stress reduction through the contact with nature, barrier free 
access, creation of a convenient micro climate and provision of possibilities for sitting with different 
degrees of user privacy (student: B. Opálková, teacher: D. Halajová; Source: Halajová et al., 2018) 
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Fig. 6: Plaza of the Surgery Pavilion – raised perennial beds for a contact with nature, barrier-free 

access, shading by trees and pergolas for recovery and recreation (student: B. Opálková, teacher: D. 
Halajová; Source: Halajová et al., 2018) 

 
Discussion  
Design studios provide good opportunities for 
teaching landscape architecture through co-
designing a variety of different spaces, such as 
protected (Tóth et al., 2014) and memorial 
landscapes (Halajová et al., 2016), urban 
riverfronts (Bihuňová et al., 2017), 
environmental education centres in rural 
landscapes (Tóth et al., 2018) and others. The 
hospital in Nitra was a new and interesting 
challenge for both teachers and students. 
There is a relatively low diversity of woody 
plants, a high number portion of Thuja, a lack 
of flowering plants and colour accents. All 
design solutions therefore tried to enhance 
species composition and colour diversity of 
plants, which is in line with healing garden 
design principles according to 
Paraskevopoulou and Kamperi (2018). The 
open spaces selected for the design 
assignment are by Cooper and Barnes (1995) 
defined as entry gardens – landscaped areas 
close to a hospital entrance. These spaces 
should be visible and accessible, well used 
and providing a pleasing image on entering 
hospital environment that allow use by 
ambulatory patients who want to see a little 
“action” near the entrance. Without sensitive 
planting, these areas may be exposed to 
parking. Therefore, all design solutions 
approach these open spaces as landscaped 
front spaces with ornamental greenery for 
patients, visitors and employees, which 
according to Paraskevopoulou - Kamperi 
(2018) are aesthetically pleasing gardens that 

contradict the experience inside the hospital. 
Rawlings (2017) in Paraskevopoulou - Kamperi 
(2018) suggests designing therapy gardens in 
bigger hospital areas for a broader community, 
which we have applied in our case study as it 
is a large hospital area located in the wider 
centre of the city, surrounded by a residential 
area. It is well accessible and usable by a 
wider group of users, including inhabitants of 
the surrounding family houses and residential 
units. Paraskevopoulou - Kamperi (2018) also 
recommend to establish a separate garden for 
employees. This was however not possible in 
the current extent of the case study area as it 
only covers publicly accessible and well used 
spaces along the main hospital promenade. 
This is a challenge for further design phases, 
when also more private spaces behind the 
hospital pavilions or the employee canteen 
should be considered. 
 
Conclusion 
The design solutions present diverse 
possibilities for converting existing open green 
spaces of the hospital in Nitra into attractive 
healing gardens that wold respect the 
characteristic pavilion layout and the main 
central axis. The proposed open space system 
consists of a wide boulevard and entrance 
spaces to buildings, where the main principles 
of healing gardens, such as species and colour 
diversity, comfortable seating possibilities and 
barrier-free access are implemented. This 
design approach enables the recreational use 



 Journal of Landscape Management (2018) Vol.: 9 / No. 1 

   

‐ 10 ‐ 

of healing gardens also by inhabitants of the 
surrounding residential area. 
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Promotion of ecotourism in the forests of Solomon Islands to counterwight the high level of 
deforestation 

  
Lucia Škvareninová 

 

 Abstract  
In the recent decades, the logging sector in Solomon Islands has been extremely booming. The 
volumes of timber extraction per annum have been far exceeding the sustainable rates, at least by ten 
times. The negative impacts of logging are already visible today, such as microclimate changes, 
environmental problems and negative socio-economic effects. If the current volumes of timber removal 
are not reversed in the near future, the tropical forests will be completely devastated. Through 
ecotourism and forest conservation programs, the forests can be protected and prevented from their 
removal. Promotion of ecotourism in the country will help to keep the local environment in the balance. 
Two examples of successful conservation programs in Kolombangara and Tetepare Island are 
analyzed in the article. These projects increase other than just economic values of the forests, such as 
biological and hydrological values, important for the future generations. The ecotourism not only brings 
the long-term income for the local communities, but also maintains the forests alive.  
 
Key words: conservation, deforestation, ecotourism, environment, Kolombangara, Tetepare Island 
 
 
Introduction  
Solomon Islands are located in the South 
Pacific Ocean on the area 28 400 square 
kilometers. Dense rainforests cover 90% of the 
land, possessing abundant diversity of 
endemic animal species (Solomon eagle, Red-
knobbed Imperial Pigeon) and native plants 
(orchids, begonias, palms, etc.). In 2014, more 
than 2,5 million cubic meters of wood had been 
logged, which exceeds sustainable rates per 
annum by 10 times. The Solomon Islands 
economy grew by 3.5 percent in 2016 driven 
by a peak in the forestry sector (IMF, 2018). 
Logging remains at a crisis level, set to 
exhaust the accessible resource in the very 
near future (Roughan, Wara, 2010). Local 
communities heavily depend on forests not 
only for water resources, traditional food and 
medicine, but they are culturally connected to 
the land and nature. Indigenous communities 
still live traditional way of life.  Over-
exploitation of the local forests has negative 
impacts on the environment, such as disrupted 
microclimate, diminishing water resources, soil 
degradation and erosion already taking place 
in the country (Fig. 1). 
The most threatened are many endemic 
species of plants and animals found nowhere 
else in the world.  These long-standing threats 
to national biodiversity caused by extensive 
logging must be stopped and replaced by 
forests conservation. Every year, the scientists 
discover new animal, insect or plant species. In 
2015, New Georgian monkey- faced bat - 
Pteralopex taki, new species of megabat 

endemic to the Solomon Islands was 
discovered. As a result of over-harvesting in 
the forests, Pteralopex taki and other species 
belong to the category of critically endangered 
animals.  
 
Native people are pressured by foreign logging 
companies to give away their rights over own 
forests in return for minimum income. 
Indigenous groups receive 1/10 of export log 
prices. Rarely, the companies keep the 
promise to build the schools, hospitals or roads 
for local communities.  
Solomon Islands possesses massive potential 
to develop forests recreation services and 
ecotourism as an alternative source of income. 
However, if the high rates of deforestation 
continue in the future, then development of 
ecotourism is threatened. Once all old 
rainforests are logged out, the government and 
society would have to pay very high price to 
regenerate local environment. 
On the other hand, promotion of conservation 
projects is a long-term strategy outweighing 
the short-term economic benefits of destructive 
logging.  Through ecotourism local people are 
kept away from cutting down precious trees, 
moreover they can gain other life skills and 
knowledge, that improve life standards of all 
native communities.  It is important to have 
a vision how to develop new revenue sources 
from ecotourism, taking examples from already 
existing successful conservation projects in 
Solomon Islands.
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Fig. 1:  Katovai E, Edwards W, Laurance W F (2015): Dynamics of logging in Solomon Islands: The 

need for restoration and conservation alternatives. 
 
 
Materials and methods  
In order to prove the value of conservation 
projects, we will be analyzing the aspects of 
ecotourism in two already successfully 
implemented projects. The first one is 
Kolombangara Island Biodiversity 
Conservation Association (KIBCA) established 
by native groups as a result of long lasting 
deforestation and destructive logging practices. 
Kolombangara forests located 400m above 
sea level are under constant threat from illegal 
extraction of timber. Kolombangara Island has 
extremely high rates of terrestrial biodiversity 
with extraordinary fauna. Recently, the 
scientists discovered 13 different frogs, that 
haven’t been known before.   
The mountain area forms a 20,000-ha 
conservation area, the largest in Solomon 
Islands (Kolombangara, 2019). Significant 
cultural heritage of indigenous people is also 
promoted through ecotourism. Since KIBCA 
begun to operate and encouraged sustainable 
management of local forests, the local 
landlords have gained a range of benefits. On 
one hand, ecotourism attracts increasing 
number of ecotourists and researchers from all 
over the world. Ecotourism and recreation 
services bring economic profits so that native 
islanders can enjoy higher quality of life. 
KIBCA has become successful model both 

locally and internationally, which aims to 
further promote sustainable development 
throughout the country.  
Tetepare Descendants Association (TDA) is 
strongly supported by KIBCA. These two 
associations implement similar conservation 
practices; they share valuable experiences. 
The main objectives are protecting endemic 
species of plants and animals living in native 
ecosystems; encouraging sustainable 
management of natural resources through 
viable economic and social ventures for local 
groups (Pacific Islands Protected Area Portal, 
2019) 
TDA’s activities also focus on widening 
ecotourists’ knowledge about the local 
environment and cultural heritage. Since 2013, 
Tetepare Island possesses 13km-long Marine 
Protected Area, that preserves marine species 
in its natural states. The Tetepare conservation 
program includes research station and Eco 
lodge. Monitoring programs have been 
established for turtles, seagrass, coconut 
crabs, reef check, forest, fish and trochus 
(Tetepare, 2019). 
Both places, Kolombangara and Tetepare 
Island have Eco lodges that can accommodate 
limited number of ecotourists. Places like this 
become more popular among people 
(ecotourists, scientists, ornithologists) who 
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search for peaceful environment and have a 
vision to educate themselves. Therefore, many 
forested areas in Solomon Islands can be 
preserved via sustainable forest management 
before being completely logged out.  
In 2002, a survey was conducted to find out 
what Solomon Islanders think, how ecotourism 
could benefit the country? What would it be, if 
the country continued with the current 
economic development activities? (Ell, 2003) 
Here are some responses from local people to 
the last question:  
-There is currently a dangerously rapid loss of 
culture, without preservation of heritage, our 
traditions will disappear forever 
-Loss of natural resources at a dangerous rate 
threatens village life as many people still live 
off the land 
-There is a loss of community spirit when 
international developers take advantage of us 
and take away our rights to our own resources 
and land 
 
Based on the answers, we have to address the 
forests exploitation as an urgent issue, 
negatively effecting local population. Their 
culture and environment is deeply threatened 
by unsustainable logging. There is a need to 
conserve all primary forests that have great 
potential to develop recreation services and 
ecotourism following the examples of KIBCA or 
TDA. The revenue from ecotourism and 
recreation activities would be shared among 
community, this way, the value of forests won’t 
be lost and cultural heritage would be 
preserved too. Long-term sustainability is 
beneficial solution for majority of native 
communities.  
 
Results  
The implementation of ecotourism in 
endangered areas such as Kolombangara has 
led to improvement of indigenous peoples’ life. 
KIBCA and TDA sustainable development 
projects not only conserve precious 
ecosystems, but they reverse biodiversity loss 
in the country. Over-exploitation of natural 
resources and inappropriate land practices in 
Tetepare and Kolombangara island were 
reduced. 
Recreation and ecotourism services have 
brought great opportunities to the people living 
in rural areas: new jobs, improved qualities of 
education, protection of unique culture and 
local customs. Stable income in ecotourism 
sector have allowed natives to afford studies, 
medical care and all necessities for living. 
Recreational activities maximized the potential 

of historical and cultural sites that attract 
tourists from all around the globe.  
Only by looking at long-term benefits in 
preservation of old-growth forests and copying 
successful models of conservation projects in 
Solomon Islands, we can achieve that less 
forests will be exploited. Immediate financial 
gains from logging activities do not reflect the 
real value of forests. If unregulated forests 
exploitation continues to take place in Solomon 
Islands, it would result in decrease of 
ecotourism in the future, because the most 
precious animal and plant species will 
eventually become extinct. 
 
Discussion  
After evaluation of tourism sector in Solomon 
Islands, it can be concluded that commercial 
traveling is not very popular in the country. 
Apart from the capital city of Honiara, where 
we can find number of commercial resorts, 
most of the places have not fully developed 
infrastructure. Current development of mass 
tourism is low, while ecotourism is on the rise. 
The country comprises of scattered Islands 
that have great predisposition to develop 
ecotourism. Many islands have already built 
the Eco lodges with limited tourists occupancy. 
Moreover, the local communities promote the 
tourism in eco-friendly way, which is the right 
direction to protect fragile natural sites. In the 
future, ecotourism can ensure the well-being of 
the population and may become the most 
dominant form of tourism industry.  
 
Conclusion  
Recent volumes of deforestation in Solomon 
Islands are far exceeding the sustainable rate. 
Immediate action should be taken by 
government and local communities to reverse 
the current trend of logging sector, which 
deeply threatens stability of the environment 
and also destroys the ecotourism potential. 
These forests are precious not only for its 
biological and hydrological functions, they also 
offer highly valuable services such as 
ecotourism. Instead of measuring the 
economic value of the forests, socio-
environmental aspects should be also taken 
into account.   
The long-term investment in conserving the 
rainforests should prevail over immediate 
conventional economic benefits of logging. 
Based on the recognition that unique 
biodiversity is irreplaceable and society’s 
heavy dependence on the nature, the 
irreparable damage of forests can be avoided.  
By doing so, the future generation can benefit 
from diverse natural treasures- extraordinary 
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flora and fauna. The most successful 
framework suitable for Solomon Islands 
environment is to promote the recreation and 
ecotourism services. 
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Leisure time management in the contex of silver hair tourist development  
 

Magdalena Kowalska, Arkadiusz Niedziółka  
 

Abstract 
In all European Union, it is easy to observe the continuous aging of the population caused mainly by 
large demographic problems. This leads to serious economic and social problems. The increasing 
number of people of retirement age, in all european countries belonging to the EU, poses silver 
economy challenges for them. 
An important issue for the economies of EU countries is its care for the health of its oldest citizens, 
which can be ensured by spending free time in a proper way. Older people often have quite a large 
surplus of free time. That’s why it is good to offer them the proper, most active spending of their free 
time. The growing requirements of such people force the attractiveness and diversity of such offers, as 
well as a certain degree of professionalism of offers for seniors. One of the best options for spending 
free time by seniors is tourism, lasting even weekend or several days. An example of such tourism in 
the EU is the tourist concept "silver hair". It assumes the orientation of profiled services for tourists 
over 50 years of age. Silver tourist is an example of a tourist with a clear differentiation of his needs, 
which is understandable also because 50+ people require different products and services. According 
to Zlesarnoczky (2016, p. 556) "As a result of the growing demand, senior tourists are foreseen to 
become a powerful consumer group in the near future". This is particularly true of Europe because 
older people's tourism is developing very dynamically. 
The purpose of this article is to show that silver tourism concepts are currently very important from the 
point of view of the aging of the Polish population. To realize it, the needs of people from the oldest 
age groups connected with the ways of spending their leisure time were diagnosed. 
It should also be emphasized that the correct recognition and understanding of the needs of older 
people is extremely important for men involved in shaping relevant tourism offers. In addition, the 
ability to manage the leisure time of older people is very important. Unfortunately many older people in 
Poland don’t travel at all for various reasons. It is also crucial for the elderly that their requirements 
help to yco-create the tourist offer. 
 
Key words: leisure time, silver economy, silver hair tourist, the aging process 
 
 
Introduction 
The big issue of ageing populations which 
some countries in Western Europe are 
currently struggle with has been initiated by the 
concept of the second demographic transition. 
This theory was created by two Dutch 
demographers, D.J. Van de Kaa (2002) and R. 
Lesthaeghe (2010, pp. 211-251). This theory 
assumes that current demographic changes 
are observed mainly through the prism of 
changes in procreative behaviour which lead to 
a decrease in fertility. From the demographic 
point of view, this change takes the dangerous 
form, as it assumes a drop below the level 
guaranteeing generational replacement, which 
is very dangerous for the economy. This is 
related to the functioning of the family model in 
which, as S. Kurek (2012, p. 217) notes, “the 
principles of its creation and disintegration are 
the result of transformations in the sphere of 
values, norms, attitudes and behaviour of 
societies.” 
Some features characterize the second 
demographic transition are easy to distinguish. 
First of all, the features of procreative models 
found in modern societies are important from 

the point of view of socio and economic 
changes. One can mainly observe a decrease 
in the total fertility rate along with the increase 
in the average age of the mother at the time of 
the birth of the first child. Today, an increase in 
the fertility rate of women over 30 can be 
noticed. (Majdzińska 2012, pp. 232-233). 
Visible changes in fertility models also include 
a decreasing percentage of large families and 
childlessness by choice and an increase in the 
share of extra-marital births (Janiszewska 
2013, p. 23).  
The changes discussed above force the 
emergence of new procreative models and at 
the same time, an increase in the percentage 
of people in the oldest age groups. This 
causes very unfavorable aging processes of 
modern societies in European countries. At 
presnt, in Europe almost every sixth inhabitant 
is in the age of 65+, and forecasts predict that 
in 2035 it will be every fourth person. It is 
estimated that in 2035 the highest share of 
older people will be recorded by: Germany 
(31%), next Italy (29%) and Austria (27%). In 
Poland it will be almost 23% and in relation to 
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other countries it will be an average result 
(Janigova, Kowalska 2017, p. 113). 
The aging of societies in many European 
countries causes completely new socio-
economic and demographic problems. The 
rapidly growing number of people in the 
retirement age is a challenge for almost every 
country belonging to the European Union in the 
field of the silver economy. The basic 
assumption of this concept is the fact, that 
aging of the society means not only  
a burden for the state, for example due to the 
necessity to pay social benefits, and thus to 
the growing group of pensioners. In this 
approach, the aging process primarily has a 
negative effect on the national economy. 
However, there is a concept of silver economy 
in which, according to G. Wunsch (Kowalska 
2017, p. 119), “the issue of ageing populations, 
apart from obvious weaknesses, may also 
have a positive impact on the economy, which 
is directly related to targeting new products 
and services at the elderly as a specific 
category of consumers.”  
The concept of the silver economy is related to 
various aspects. It concerns the professional 
activity of the elderly, and more specifically its 
extension, creating opportunities for raising 
qualifications and gaining knowledge. It also 
applies to these people various offers aimed at 
improving their health and physical fitness and 
ensuring social integration. (Kowalska 2017, p. 
119). Another issue which is part of the silver 
economy concept is certainly the management 
of free time by seniors and the management of 
its surpluses. This is directly connected with 
the current tourist offer addressed to this 
specific age category. The growing 
requirements of the elederly as to the 
attractiveness and diversity, as well as the 
degree of professionalism of offers for them 
and their growing awareness in this regard are 
also important.  
Regarding the appropriate offers for seniors, it 
should be remembered that a significant part of 
the accommodation facilities also have food 
and sports facilities, which facilitates the 
creation of tourist packages appropriate for this 
group of tourists (Dziedzic 1998, p. 102). 
The aim of the article is to show that the silver 
assumptions in the field of tourism are 
currently very important considering the large 
problem of the aging of the Polish population. 
For this purpose, the needs of people from the 
oldest age groups connected with the ways of 
spending their free time were diagnosed. It 
should also be emphasized that proper 
recognition and understanding of the needs of 

older people is extremely important for people 
involved in shaping tourism offers. 
 
Material and Methods 
The purpose of the scientific article is to 
present the results of a survey conducted 
among residents in the area of two districts: of 
Myślenice and Nowy Targ. The study was 
carried out in 2017 on a sample of 150 people 
in the age of 60+ using a questionnaire. The 
research concerned activities that seniors 
usually undertake after retirement or what type 
of work they plan to undertake after retirement. 
In addition, the issue of choosing active forms 
of recreation together with the most attractive 
tourist offer available and selected by older 
people was discussed. 
 
Results 
Silver tourist is an example of a person 
practicing tourism with a distinct diversity of 
needs. Tourists in old age require interesting 
and diverse tourist packages. As Zsarnoczky 
(2016, p. 556) writes, “As a result of growing 
demand, senior tourists are foreseen to 
become a powerful consumer group in the 
near future.” Especially in Europe where silver 
tourism is now developing very fast and will 
develop dynamically in the future. The benefits 
of developing silver tourism as a specific form 
of tourism for seniors can be grouped in the 
following way: 
• promote active and healthy ageing, 
• an enriching experience or a 
discovery, 
• creative and playful learning, 
• grooming for transnational travelling, 
• interaction with the environment, 
• intercultural contact/social interaction, 
• social integration of seniors (Silver 
tourism is the future: 
https://ceoworld.biz/2017/08/03/silver-tourism-
is-the-future/, date of access 18.03.2019). 
 
Other numerous personal benefits for older 
people resulting from the development of silver 
tourism are: the fight against loneliness, 
improvement in the mood and condition, 
improvement of the quality of life or preventing 
social exclusion.  
Seniors from two districts: of Myślenice and 
Nowy Targ, who took part in the research, 
most often indicated those activities which 
concerns family life (help in caring for 
grandchildren or keeping a house) and 
spending time in  
a passive way like watching television, reading, 
listening to the radio or using the computer). 
The respondents were much less likely to 
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choose answers connected with physical 
activity as well as tourism and recreation. Most 
often they indicated a specific form of activity 
which was activity in the garden or on the plot. 
(44% of responses). As for the types of sport 
practiced by the respondents, it was especially 
gymnastics and walking (altogether about 14% 
of respondents). Other forms of active 
spending leisure time included nordic walking 
and other outdoor activities (but only indicated 
by 10% of seniors). Among respondents there 
is no interest in such forms of recreation as 
cycling or team sports, or in general individual 
sports. A very large group of seniors declares 
that they don’t undertake any physical activity 
(over 30%). 
Only few respondents declared their plans for 
spending leisure time connected with tourist 
trips. Only more than one fifth of them 
indicated travels around the country and only 
about 7% of respondents expressed a desire 
to travel around Europe and around the world. 
In turn, the forms assuming self-development 
and participation in culture were marginal. 
However, the forms which assume self-
development and participation in different 
cultural events were of marginal interest.  
The surveyed people are most interested in the 
different tourist and recreational offers in their 
closest surroundings, for example within the 
commune or district.They would like to , and 
directly related to the history and cultural 
heritage of the region or to the tourist and 
natural values. They would like to get to know 
the history and cultural and historical heritage 
of their region, sometimes natural values, too. 
Natural values are strictly connected with 
areas of natural values. Such regions are the 
best place for seniors to rest. Tourism 
management in areas of natural value requires 
adjusting the activity to the clients' 
requirements, in this case seniors, competition 
and the resulting legal requirements (Jalinik 
2016, p. 233). 
Forms of tourism which could interest 
respondents in the future include mainly 
pilgrimage and cultural tourism (for almost half 
of them). They certainly wouldn’t like to rest at 
agritourism farms (“because they have it at 
home”). They also don’t want to visit spa and 
wellness hotels and use its facilities (mainly for 
financial reasons). In turn, kinds of tourism 
such as cycling, cognitive tourism (i.e. 
observing nature) and hiking generate 
moderate interest among the respondents. 
It is worth citing research carried out among 
elderly people in Hungary to compare with the 
results of authors oof the study. These 
hungarian results indicate that now significant 

increase in the interest of old people in the 
widely understood medical and pro-health 
tourism is already observed. Moreover, mainly 
among foreign guests, interest in spa and 
wellness services offered by Hungarian resorts 
and hotels is increasing. The authors assume 
that in relation to elderly tourists, such these 
forms of tourism will develop in the near future 
the most dynamically (Zsarnoczky et al. 2016, 
p. 231). 
The research of the authors shows, that elderly 
people are usually interested in tourist 
packages for a longer stay in a selected place. 
These tourists want to learn about new 
cultures and local cuisine (Zsarnoczky et al. 
2016, p. 228).   
 
Conclusion 
The research results presented in this study 
indicate unambiguously that the silver tourism 
sector will grow intensively in the following 
years. In the case of these tourists, it is 
important that local communities focus on the 
promotion of active recreation. What is 
particularly important, they should be able to 
create conditions for practising it.  
The second issue is the proper tourist offer for 
the elderly. The respondents do not want to 
stay at agritourism farms because they live in 
an exceptionally attractive area where 
agritouristic services are well developed. On 
the other hand, the exclusive and expensive 
offers of hotels with spa is unachievable for 
them for financial reasons. It is likely that older 
people are not interested in such offers 
because of psychological reasons. 
In connection with this, an important signal for 
people preparing tourist offers for seniors is the 
fact that the most attractive offers and trips 
include visiting religious sites. This form of 
tourism is referred to as pilgrimage tourism. 
Other very important types of trips for older 
people are also visiting historic and attractive 
places, simply practicing cultural tourism. The 
combination of these two forms of spending 
free time seems to be a great idea for tourist 
trips for seniors. It is worth noting that this 
trend will not change in the coming years. 
Both in the organization of interesting forms of 
leisure related to tourism, that is from the side 
of post-tourism tourism, and taking into 
account the elderly, expressing the desire to 
travel, the important issue is the ability to 
manage leisure time. This is the basis for 
creating interesting tourist products and 
skillfully planning leisure time by seniors. 
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Urban Green Spaces (UGS) to restore and preserve biodiversity: a case study in the City of 
Matera (Southern Italy) 

 
Pietro Picuno, Giuseppe Cillis, Dina Statuto 

Abstract 
Urban areas play a significant role in landscape protection and ecological stability of ecosystems that 
contain several habitat types, from remnant patches of native vegetation to highly engineered green 
infrastructures. Landscape planners are increasingly aware about the need to re-connect, through the 
urban-rural interface, the endangered urban biodiversity with the surrounding natural areas. This is 
especially needed in case of urban settlements that show a remarkable growth in their population 
mostly due to an heavy increase of tourism flows. This phenomenon has been particularly noticed in 
the City of Matera (Southern Italy), an UNESCO site currently selected as European Cultural Capital 
2019, which requires suitable actions finalized to the safeguard from an impressively growth of the 
touristic pressure, in the perspective of a public recreational fruition of the land and in a perspective of 
sustainable management. This city urgently needs a more resilient planning approach since it is 
hosting a Site of Community Importance, as well as a Special Protection Area. With the aim to restore 
suitable ecological networks with the surrounding natural environment, it emerges the concept of 
Urban Green Spaces (UGS), i.e., urban green areas finalized to provide ecological, environmental, 
recreational and economic benefits, restoring its environmental resilience through which planners try 
to re-connect built-up territories with rural areas restoring the environmental resilience. In this paper, 
the actual UGS surfaces have been quantified in Matera using multi-source data and GIS tools, 
implementing a Decision Support System (DSS) and assessing specific landscape metrics. 
 
Key words: landscape protection, touristic fruition, biodiversity restoration, ecological infrastructures, 
urban green spaces 

 
Introduction 
In recent years, there has been an increasing 
depopulation of small urban centers in favor of 
the growth of cities. This, given the 
considerable role of cities in landscape 
protection and biodiversity conservation, 
entails the need to redesign and rethink urban 
settlements, taking into account the ecological 
functions, urban species and habitats (Aronson 
et al., 2017; Grimm et al., 2008). An analysis of 
the impact of settlement patterns on landscape 
protection in areas in which there is a close 
relationship between rural and urban is 
therefore fundamental (Statuto et al., 2018/b; 
Olišarová et al., 2018). Currently, urban and 
landscape planners are moving towards a 
more resilient planning approach, in which they 
try to re-connect built-up territories with rural 
areas (Statuto et al., 2013), with the aim to 
restore suitable ecological networks with the 
surrounding natural environment. The 
approach that most emerges is based on the 
concept of Urban Green Spaces (UGS). These 
UGS - such as native vegetation, urban 
wastelands, gardens, parks etc. - are finalized 
to provide ecological, recreational and 
economic benefits. Their role is fundamental to 
restore the environmental resilience of urban 
areas (Alvey A., 2006; Tian et al., 2014). In this 
context, it is important the awareness about 
the role of UGS, so as to assess the urban 
biodiversity pattern, implementing 
recommendations that can be easily applied to 

urban planning, design and management 
practices as well (Brunbjerg et al., 2018). This 
need is even more urgent in highly-intensive 
touristic urban areas, in which also important 
naturalistic and environmental assets are 
included, as in the case of the selected study 
area, the City of Matera (Southern Italy). This 
City is an UNESCO site, currently selected as 
the European Cultural Capital 2019, which 
urgently requires suitable actions safeguarding 
it from an impressively growth of touristic 
pressure, in the perspective of a sustainable 
management of its public recreational fruition 
(Cillis and Statuto, 2018).  
 
Material and methods 
The City of Matera (Fig. 1) is well-known for its 
cave-dwelling area (so-called: “Sassi”), a 
UNESCO World Heritage Site designated 
since 1993. Beside its historical and cultural 
aspects, the Matera landscape is made up of 
important naturalistic elements: the Natural 
Historic Archaeological Park of “Rock 
Churches”; a Special Area of Conservation 
(SAC), as well as a Special Protection Area 
(SPA), both included in the UE network of 
protected sites (Natura 2000). In the present 
paper, only the perimeter defined as "Urban 
area" by the municipal plan has been taken 
into consideration (about 803 ha). 
 
In a first phase of the analysis (Fig. 2), the 
UGS detected in the study area have been 
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spatialized through techniques of semi-
automatic classification of orthophotos (Statuto 
et al., 2016) and satellite images, so as to 
evaluate their position and to calculate their 
relevant surface (expressed in hectares). 
Hence, to properly quantify and evaluate these 
UGS, the dataset has been implemented into a 
Geographical Information System, using QGIS 
3.4 and the "GIMP Selection Feature" plugin. 
This plugin, starting from orthophotos of the 
year 2017, extrapolates all the polygons of the 
UGS to an excellent resolution, using the 
selection of the green color of the vegetation, 

which enables a validation directly in QGIS 
through a specific check. Then, in order to 
achieve a greater accuracy, these data have 
been successively integrated also with the 
elaboration of satellite images Sentinel-2 of the 
same year of the orthophoto  (May 2017), so 
as to better classify some UGS (Kopecká et 
al., 2017) which were more difficult to detect. In 
this way, also the lawns have been classified, 
even if at a lower resolution, by an 
unsupervised classification with K-Means 
algorithm made with i.cluster of GRASS GIS. 

 

 
Fig. 1: Study area: the Matera urban settlement  
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Fig. 2: Urban Green Spaces quantification and spatialization 

 
The second phase of the analysis involved the 
implementation of a set of landscape metrics 
finalized to evaluate the qualities of the 
ecological network, for purposes of biodiversity 
restoration and landscape planning (Statuto et 
al., 2018/a). The generalized UGS raster 
without any differentiation between different 
typologies has been considered (Li et al., 
2015). Landscape metrics have been 
calculated at the level of the whole landscape 
by Fragstats 4.2.1 (McGarigal et al., 2012), 
expressing the following indexes:                     
- Landscape Shape Index (LSI) provides a 
simple measure of class aggregation (LSI = 1 
when the landscape consists of a single 
square); 
- Fractal Dimension Index (FRAC_MN) reflects 
shape complexity across a range of spatial 
scales (range is from 1 to 2, with values 
approaching 1 in case of shapes with very 
simple perimeters, approaching 2 in case of 
shapes with highly convoluted perimeters); 
- Euclidean Nearest Neighbor Distance 
(ENN_MN) has been used to quantify patch 
isolation; the values (in meters) approach 0 as 
the distance to the nearest neighbour 
decreases, which means that the patches are 
more close; 
 - Shannon's Evenness Index (SHEI) is a 
measure of the patch diversity. It ranges from 0 
(no diversity) to 1 (when the area distribution 
among patch types is perfectly even). 
Finally, the landscape metric Connectance 
Index has been calculated using the moving 
window approach of the same software 

(Hagen-Zanker, 2016). This Connectance 
Index is reported as a percentage (0-100) of 
the maximum possible interconnection, given 
the number of patches. The obtained results of 
this approach have enabled the creation of a 
raster model. 
 
Results and Discussion 
The quantification of the UGS shows that 
about 150.6 hectares – i.e., about 18.7% of the 
total urban area - is covered by different types 
of vegetation (from tree-lined streets to lawns). 
Moreover, through the simple realization of a 
UGS concentration map (Fig. 3 - Left), it has 
been possible to highlight the areas with 
different spatial density of UGS.  
The landscape metrics which have been 
calculated (Tab. 1) provide information about 
the theoretical potential of the land regarding 
the biodiversity, fragmentation and aesthetic 
aspects (Statuto et al., 2018/a).  
Some of these metrics can be individually 
evaluated, while others need a comparative 
approach. The SHEI, indeed, shows a fairly 
high value of diversity, almost equal to 0.7, 
while the FRAC_MN indicator of shape 
complexity shows a value (1.62) corresponding 
to a good level of landscape diversity, 
complexity and richness. On the other hand, 
the average distance between the nearest 
neighboring UGS (ENN_MN) is such as they 
compose a well-structured ecological network 
of the UGS, their disaggregation level being 
not high, since the value of LSI is relatively 
low. 
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Tab. 1: Landscape metrics values 
LSI FRAC_MN ENN_MN SHEI 

40.81 1.62 7.98 0.69 
 

 
Fig. 3: UGS concentration map (Left) and Connectance index map (Right)

 
 
The spatialization of the Connectance index 
(Fig. 3 - Right) enabled to geo-localize the 
corridors characterised by lower values (Fig. 3 
- Right). From a statistical analysis of the raster 
map of the Connectance index (value ranging 
from 0-100), it emerges that 23.8% of the 
urban area has a value of less than 50, 
whereas 61.8% of values is included between 
50-75 and, finally, the 14.4% values exceed 
75. We can finally conclude from an overall 
analysis of the Matera UGS that the conditions 
are already positive, and the improvements of 
vegetation could be localised in the northern 
area, of more recent urbanization. 
 
Conclusion 
The UGS analysis methodology here proposed 
has demonstrated that the GIS approach is a 
fundamental tool to quantify the surface area 
and to evaluate the spatial and qualitative 
characteristics. By integrating different tools 
such as satellite images and landscape 
metrics, it has been possible to implement a 
complete survey of the conditions of the 
ecological network, assessing the state of 
potential biodiversity in an urban areas. The 
values of the landscape metrics represent the 
information base on which it will be possible to 
plan the future development of the UGS, even 
through the implementation of a Decision 
Support System (DSS). 
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Expressed preference methods of environmental valuation: non-market resource valuation 
tools  

 
Dastan Bamwesigye 

 
Abstract 
The objective of this paper was to give an overview of the expressed preference (EP) techniques of 
environmental valuation. These methods offer estimation of the value of a resource not necessarily 
willingness to pay (WTP) or willingness to Accept (WTA) compensation rather upper and lower values. 
The method of measuring individuals’ willingness to pay is usually based on contingent valuation 
method (CVM). This research focuses on defining, categorizing, and applicability of various 
environmental valuation techniques that have been and can be applied in attaching value to a given 
resource using expressed/Revealed preference methods. The study serves as a supplementary 
synthesis and discussion to the board of knowledge of resource valuation methods. More specifically, 
selected methods to discussed herein include; contingent valuation method, hedonic pricing model, 
travel cost method, trade-off game method, the costless-choice method, Delphi method, Replacement 
Cost Method, Relocation Cost Method, Opportunity cost method, and Cost-benefit Method. In the last 
part, applicability of the methods is fully illustrated to support future studies on resource valuation.  
 
Key words: environmental benefits and costs, revealed preference, hedonic pricing, travel cost, trade-
off game, opportunity cost   
 
 
Introduction 
Over the past decades, the increase in 
production and consumption has threatened 
the existence of various natural resources such 
as forests (Bamwesigye et al. 2017, 
Bamwesigye and Hlavackova 2018, 
Bamwesigye et al. 2019). In fact, 
environmental planning, as well as decision 
making, continue to be complex in which 
objectives are usually exclusive, and trade-offs 
have become inevitable like never before. 
Environmental valuation methods have been 
helping to facilitate the decision-making 
process regarding forests and other natural 
resources (Kerkhof et al., 2010; Tao et al., 
2012; Perera et al., 2016). In many ways, the 
demand for environmental goods continues to 
be measured by analyzing peoples’ expressed 
preferences for various natural resources 
relative to their demand for other goods and 
services (Kerkhof et al., 2010). Expressed 
preference techniques usually focus on 
involving individuals by asking them explicitly 
how much they value a wide range of 
environmental goods and services (Tao et al., 
2012; Perera et al., 2016). 
Expressed preference methods include 
contingent valuation method, hedonic pricing 
model, travel cost method, trade-off game 
method, the costless-choice method, Delphi 
method to mention but a few. Methods such as 
contingent valuation techniques are usually 
applied in the valuation of projects, which are 
related to environmental management such as 
water, energy, and waste management.  

These various methods are used as tools for 
decision making (Kerkhof et al., 2010; Tao et 
al., 2012; Perera et al., 2016; Brander et al. 
2007). In this case, it is always beneficial if 
valuation methods consider core aspects that 
affect certain goods and services. For 
example, the study conducted by (Brander et 
al., 2007). focused on investigating sensitivity 
of respondents to physical dimension of the 
valuable items. In other words, resources that 
are valued while employing expressed 
preference methods focus on getting feedback 
from the participants. 
Therefore, we attempt to review some of the 
expressed preference (EP) methods of 
environmental valuation necessary for natural 
resources valuation since the understanding 
and comprehension of these tools still varies 
across the academia and society as well.  
 
Material and methods 
The study mainly used materials and data from 
scientific peer-reviewed journal articles and 
scientific conference proceedings and majority 
from web of Science and SCOPUS. 
We employed qualitative methodology 
(Creswell, 2009) where we synthetically 
analyzed information and the data from the 
said sources. We studied both narratives and 
figures to come up with a blend of the desired 
output (Creswell, 2009). 
The study also analyzed the data by using 
tables (Tables 1 & 2) to illustrate the 
categorization and applicability of 
environmental valuation methods. 
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Findings 
Contingent Valuation Method (CVM) 
The Contingent Valuation Method (CVM) is 
considered to be one of the widely used in 
cost-benefit analysis and other environmental 
impact assessment to provide a monetary 
measure of natural resources (Ryan et al., 
2017). CVM helps in evaluating nonmarket 
assets, and this is usually done through the 
simulation of what can be termed a 
hypothetical market whereby users are asked 
to express their "Willingness to Pay (WTP) or 
Willingness to Accept (WTA) to certain goods 
granted in use (Del Giudice & De Paola, 2016). 
More so, CVM is the best method used to 
explain both non-use values such as option 
values, existence value and bequest value 
(Brander et al., 2007; Del Giudice & De Paola, 
2016). On the same note, CVM approach is 
usually applied in the valuation of projects that 
are related to environmental management 
such as water, energy and waste management 
(Geleto, 2011; World Bank, 2012). For 
example, unlike other methods, CVM is based 
on information that is provided by the people 
themselves, and these include current as well 
as future affected stakeholders (Perera et al., 
2016). These stakeholders are asked about 
the valuation of particular services or goods 
under investigation through markets that are 
hypothetical to this end. 
Furthermore, CVM is based on questionnaire 
that aims at offering respondents’ opportunity 
in the process of making an economic decision 
on certain environmental goods that are non-
market such as the biodiversity, scenery, and 
wildlife (Geleto, 2011). Besides, World Bank 
indicated that CVM is important in estimating 
the value that people places on goods, which 
are not sold in markets such as environmental 
goods (World Bank, 2012). In this perspective, 
it is worth mentioning that CVM remains one of 
the obvious approaches that can be used to 
measure resource non-market values, which is 
done through questioning people about their 
willingness to pay for goods and services. In 
this case, the technique used is flexible, and it 
allows valuation of a wider variety of non-
market goods compared to other indirect 
approaches (Venkatachalam, 2004). 
 
Trade-off game method 
Trade-off Games is considered to be part of 
contingent valuation method where individuals 
are asked to rank a combination of two goods. 
For any of the two combinations, an individual 
must select his or her preference over the 
other. In this case, a trade-off method is a 
technique that provides means that allow users 

to participate in decision-making process while 
educating them about the constraints involved 
in making these decisions (Howe et al., 2014). 
In fact, trade-off method analysis has become 
one of the significant approaches in evaluating 
different levels of environmental achievement 
while reflecting on the corresponding levels of 
costs. The trade-off game method explains 
win-win outcomes as well as cost offsets when 
it comes to estimating costs. The author gives 
an example of environmental watering, which 
may offer co-benefits such as increased net 
returns to floodplain graziers as a result of 
overbank flows (James, 2017).  
More so, trade-off analysis between two 
environmental ecosystem services, valuation 
may not focus on the management options but 
rather empirical or conceptual models (Howe 
et al., 2014). Accordingly, the same study 
indicates that society usually influence the 
choice of how natural resources are 
sometimes allocated, and in this perspective, it 
makes the feature of trade-off analysis very 
important regardless of whether the economic 
value is known or not. In ecosystem or 
environmental services, trade-off method plays 
a significant role in helping decision-makers by 
informing them about the best output an 
ecosystem can deliver. Trade-offs usually 
occur when the provision of ecosystem service 
is reduced due to the consequence of 
increased use of a different ecosystem service 
(Howe et al., 2014). In this case, trade-offs 
have always occurred among the stakeholders 
and among the ecosystem services, which are 
delivered in any location, and they can as well 
be influenced by social norms and life 
experience (Howe et al., 2014).  
 
The Costless-choice method 
In environmental/resource valuation, costless-
choice is relatively similar to trade-off game 
technique. However, instead of using money 
as one of the core elements, only marketed 
commodities, especially consumer goods are 
used in combination with other environmental 
attributes (James, 2013). In most cases, the 
monetary valuation element is usually obtained 
by substituting the preferred market value of 
chosen goods (Bateman et al., 2008). This 
technique relies heavily on the assumption that 
people understand the aspects of true market 
value of various goods and services. 
Furthermore, costless-choice method is a CVM 
technique that provides respondents with an 
option when deciding between goods based on 
their interests (James, 2013; Cristescu & 
Szentesi, 2008). In the two available options, 
an individual is given a choice between non-
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market and economic good. One of the 
differences between costless choice technique 
and other CVM methods is that it gives 
individuals a choice of free of charge where an 
individual does not pay anything for the choice 
he or she chooses. 
 
Delphi Method  
Delphi method is regarded as a variant of the 
survey-based approach that involves experts 
rather than consumers. These experts place 
values on certain goods and services in one 
way or the other. For example, they can place 
values on goods through an iterative process, 
and this allows feedback among the group 
between iteration (Brender, 2006; Strosahl & 
Robinson, 2001). The approach is very useful 
when valuing environmental resources. One of 
the characteristic features of Delphi method is 
that the central team usually work with a panel 
of experts in an iterative manner while 
formulating the experts' knowledge of a 
predefined subject under investigation 
(Brender, 2006). However, the same study 
indicates that the method includes extra steps 
including validating the expertise of panel 
members (Brender, 2006).  
On the same note, Delphi method employs 
guideline that determines rules regarding 
collecting and analyzing information from 
experts (Strosahl & Robinson, 2001). As a 
result, the opinions from experts are usually 
put into a set of recommendations. Delphi 
method is one of the formal and in-depth 
systematic qualitative methodologies (Strosahl 
& Robinson, 2001; Dell’Olio et al., 2018; Renzi 
& Freitas, 2015). The Delphi method has been 
used to help construct present as well as the 
future scenarios focused on various issues, 
and experts usually help in the process (Renzi 
& Freitas, 2015). In most cases, this method 
helps in reaching a consensus between 
different groups of participants while basing on 
all posted opinions from various experiences 
and perspectives in order to come up with a 
common scenario (Renzi & Freitas, 2015). 
Delphi method is one of the consensus-
building tools that promote involvement of 
stakeholders in the evaluation process (Geist, 
2010). The method removes geographical and 
other challenges to allow all stakeholders to 
participate. The method uses a series of 
surveys spread with controlled feedback that is 
designed to gather information while building 
consensus (Renzi & Freitas, 2015; Geist, 
2010). 
 
 
 

Travel cost method 
Travel cost method is an approach that 
indirectly values environmental goods, and this 
is usually done by observing willingness to pay 
for related goods and services. The method is 
used to estimate the economic value of 
environmental amenities as well as other 
recreational sites (Parsons, 2013; Markandya 
& Ortiz 2011; Butterfield et al. 2016). Travel 
cost method is employed when studying 
economic use values related to ecosystems 
(Butterfield et al. 2016). The travel cost 
technique is based on the fact that the time 
and travel cost expenses that individuals pay 
to visit a site represent the price of access to 
the given recreation site. In this case, an 
individual's willingness to pay to visit various 
recreational sites can be estimated while 
reflecting on the number of trips people make 
at different travel cost.  
Measuring recreational quality such as cultural 
services which are related to other ecosystem 
services can be difficult to achieve (Butterfield 
et al. 2016), as a result, this makes travel cost 
method limited in its applicability since it 
requires user participation. For example, it may 
not be used when assigning values to on-site 
ecosystem services, especially those that 
users may not find valuable in one way or the 
other. Travel cost method is significant in 
estimating the economic value as well as other 
expenses incurred by visitors to the site of 
such a resource (Markandya & Ortiz 2011; 
Butterfield et al. 2016; Markandya et al. 2018). 
In fact, they explain that the method uses 
surveys to a random sample of people who 
visit recreational sites in order to elicit travel 
cost. Some of the aspects important in the 
process include asking visitors where they 
come from, preferences toward the site, their 
socioeconomic characteristics to mention but a 
few (Markandya et al. 2018). Such information 
is significant when it comes to estimating the 
cost. In this case, it is worth noting that the 
method assumes that each individual who 
visits the site incurs travel costs plus the 
opportunity cost of time. 
Travel cost method is used to value the 
recreational uses of environmental goods and 
services including fishing, bird-watching, and 
beach use among others (Parsons, 2013). The 
method has some limitations such as 
measuring the value of travel and time. More 
so, other complexities highlighted in the same 
study include dealing with multiple-purpose 
trips as well as choice set formation (Parsons, 
2013). Nonetheless, travel cost method is 
indicated to be useful in estimating the value of 
environmental goods and services.  
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Environmental resources such as recreation 
sites are measured using human activity 
participation, and this involves assessment of 
costs and benefits an individual incur when 
visiting recreational sites (Grebner et al., 
2013). Travel cost method requires 
researchers to carry out surveys of visitors at 
the site of the activity. Also, the survey can be 
done through printed and or online survey 
questionnaires (Grebner et al., 2013). 
In the study titled Ecosystem services and their 
monetary value, Liekens et al. (2013) highlight 
that travel cost method enables the 
researchers in estimating the economic value 
of environmental goods. For example, the 
method requires researchers to assess costs 
incurred by visitors traveling to various 
environmental resources such as recreation 
sites in terms of both travel and time. The 
aspect of travel expenses can be estimated by 
looking at fuel used on the journey, fares to 
mention but a few. On the other hand, time can 
be assessed by looking at foregone earnings 
(Liekens et al., 2013). The travel cost method 
technique has its limitations. For example, one 
of the limitations indicated is that the method is 
only applicable to recreational resources and 
difficult when it comes to accounting for the 
possible benefits derived from various travels 
as well as multipurpose trips. In this case, 
therefore, much as researchers may use travel 
cost method to estimate the value of 
environmental resources, it is important to 
consider its limitations (Parsons, 2013; 
Grebner et al., 2013; Liekens et al., 2013).  
 
Hedonic Pricing Model  
Research indicates that hedonic pricing 
method is one of the potential approaches 
used to determine environmental value of a 
given asset. In its earliest use, this technique 
was used to capture the aspect of willingness 
to pay measures related with variations in 
property values, which usually result from the 
presence or absence regarding certain 
environmental attributes such as near forest, 
near the river, air pollution, noise and water 
waves (Carson, 2001; Abidoye & Chan, 2017; 
Burcharth et al., 2007). Hedonic pricing 
method is regarded as a non-market revealed 
preference approach with an indirect proxy that 
has been particularly influential (Markandya et 
al. 2018; Carson, 2001). On the same note, 
comparing the market value of different 
properties that differ when it comes to specific 
environmental attributes, researchers usually 
focus on assessing the implicit price of the 
given amenity (Abidoye & Chan, 2017). This is 
done by observing the behaviour of several 

buyers and sellers. The variation on the 
technique of comparing the effect of an 
environmental attribute usually involves 
assessing the price of a single piece of 
property compared to successive sales 
(Burcharth et al., 2007). More so, the same 
study highlights that hedonic pricing method 
captures the aspect of the production function 
approaches, which relate to environmental 
changes to other production relationships 
(Burcharth et al., 2007). 
Furthermore, through comparison of various 
factors that usually influence the value of a 
given property, researchers are able to 
eliminate the implicit price of various amenities 
that change from time to time. for example, the 
price of a house can be in one way or the other 
affected by various factors including square 
footage, number of bedrooms, schools around, 
highways and shopping malls to mention but a 
few. For example, environmental changes in 
production are related to companies that 
produce goods and services that generate 
utility (Burcharth et al., 2007). Based on this, 
hedonic pricing method focuses on the fact 
that changes in the expenditures are as a 
result of the need to substitute with other 
inputs in environmental quality (Burcharth et 
al., 2007; Nijkamp & Van den Bergh, 2001). 
Hedonic pricing methods can also be 
employed when estimating the effect of certain 
disamenities when it comes to price of property 
such as houses. At this point, the process of 
estimating a hedonic price function, which is 
related to property prices, and to quantities of 
different characteristics is always 
straightforward. In fact, research shows that 
hedonic pricing method usually helps in 
estimating product efficiency to identify 
properties that are overpriced and those under-
priced (Arrondo et al., 2018). In this case, 
therefore, it is worth mentioning that hedonic is 
important in estimating values of environmental 
resources. 
Based on the literature reviewed, the 
advantage of using hedonic method is that the 
researcher usually depends on observable 
data that come from the actual behavior of 
people. On the other hand, this technique has 
its limitations. For example, most 
environmental incidents may have small effect 
on property pricing. In other words, much as 
this technique can be used to evaluate 
environmental resources, its limitations cannot 
be ignored in one way or the other. 
 
Cost-benefit Method  
Cost-benefit is considered to be a useful form 
of economic evaluation. The cost-benefit 
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technique is one of the methods that provide a 
systematic process for identifying, valuing as 
well as comparing costs and benefits of 
environmental resources (Knapp, 2015; 
Haveman & Weimer, 2001). The method is 
based on the core principles of welfare 
economics, which considers the wellbeing of 
the society to be important. The method is 
usually employed by policymakers in the 
process of allocating resources across different 
sectors (Knapp, 2015). Cost-benefit method is 
important in assessing the economic efficiency 
of proposed public policies by using a 
systematic production of social costs and 
social benefit (Haveman & Weimer, 2001). Just 
like most of the contingent valuation methods, 
cost-benefit has the element of willingness to 
pay and opportunity cost that usually guides 
the valuation of projects policy effects when it 
comes to monetary terms. More so, this 
method provides an appropriate decision rule 
as well as set of policies that maximize net 
social benefit (Haveman & Weimer, 2001).   
The purpose of cost-benefit method is to make 
better informed and at the same time 
consistent policy decisions (Boardman, 2015). 
For example, this method considers the 
benefits, which occur to and costs incurred by 
all members of the society (Boardman, 2015). 
The terms social benefit and social costs are 
derived from cost-benefit approach 
(Boardman, 2015). In this perspective, it is 
worth mentioning that cost-benefit method is 
important in evaluating environmental 
resources in one way or the other. Cost-benefit 
method helps in predicting willingness to pay 
while ranging from various preferences 
revealed by observable behavior in the market 
as well as the preferences about public goods.  
Lastly, Cost-benefit method provides the 
guiding principle for monetizing impacts 
regarding the concept of willingness to those 
affected to pay in a bid to obtain or avoid the 
impacts (Vining & Weimer, 2015). In a bid to 
understand the core aspects of cost-benefit 
method, it is important to explore its various 
methods as discussed in the next sections. 
 
Opportunity cost method  
 The opportunity cost method focuses on 
valuing the benefits of environmental 
protection when it comes to what is being 
foregone to achieve it (Parsons, 2013; 
Markandya et al. 2018; Mahanta, 2014). In 
most cases, this method forms the basis of 
compensation payment, especially for the 
compulsory purchase driven by the 
government of property or land that is under 
eminent domain law (Haveman & Weimer, 

2001). More so, opportunity cost method 
considers that the land of property rights when 
it comes to using of land and natural resources 
to restrict the rights of the government in favor 
of the society, where owners must be 
compensated. In this case, this method is 
usually useful in situations where it is hard to 
estimate the benefits of an environmental 
change (Boardman, 2015). One of the 
examples is that, rather than assessing the 
benefits of various available alternative 
conservation schemes in a bid to choose the 
best option out of them, this method is usually 
employed to estimate the opportunity cost of 
foregone benefit related to each scheme 
compared to the selected alternative.  
However, it is worth mentioning that 
opportunity cost method does not usually 
include non-market public values of property 
and land (Vining & Weimer, 2015; Ahmed, 
2006). One of the reasons is that land and its 
attributes usually produce externalities that are 
recognized in regulatory land use planning 
control. In most cases, these seek to minimize 
external challenges through development of 
control land use class order, which is also 
done by separating externality to allow land 
use spatially. More so, the planning controls 
focus on preserving amenity benefits, which is 
done through restricting the development of 
the land entirely (Vining & Weimer, 2015). 
Nonetheless, it should be noted that by 
restricting land development, the price of land 
such as green belt land usually faces lower 
financial value compared to its opportunity cost 
value.  
 
Relocation Cost Method 
As one of the cost-benefit methods, relocation 
cost technique is usually employed to estimate 
the monetary value of environmental damages, 
and this is done while basing on the potential 
costs of relocating a physical facility, which in 
one way or the other would be damaged by 
certain environmental quality changes. 
Relocation cost method is relatively similar to 
the direct asset replacement technique only 
that the actual expense of physical relocating a 
given facility is used in the benefit-cost 
assessment (Rothengatter, 2018). In the 
context of environmental resources, relocation 
cost method is useful, especially in cases 
where relocation of a facility is necessary 
(Shogren, 2013). For example, the technique 
can be used to estimate the cost of moving a 
residential water supply facility that is 
threatened with pollution by runoff that may be 
caused by the new road. 
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Replacement Cost Method 
Unlike other cost-benefit methods, this 
technique is cost-based approach that focuses 
on measuring the potential expenditure needed 
to replace or restore a productive asset. Such 
asset would be compromised by various 
project developments in a given area. In this 
case, replacement cost method is employed to 
compare the costs of preventing estimated 
damage from happening while determining 
alternative that is more efficient (Jackson, 
2014). For example, if an environmental 
resource which has been compromised in one 
way or the other is likely to be replaced in the 
near future by a different asset that offers the 
same services, then the cost of replacement 
can be used as a proxy in the given 
environmental damage (Valero et al., 2013). In 
most cases, this happens when it is assumed 
that the benefits from former resource are at 
least as important as the replacement 
expenses. Various research have used 
replacement cost method while investigating 
quantity of the direct consumption value of 
sites for indigenous substance and aquatic 
species in Austrian tropical river catchments 
(Jackson, 2014). Results in their study were 
based on the assessed socio-economic impact 
of hydrological and ecological changes from 
water resource development. 
 
Discussion and conclusions 
The objective of this paper was to review the 
expressed preference methods of 
environmental valuation. Interestingly, a wide 
range of literature materials revealed that 
environmental valuation methods have been 
helping to facilitate the decision-making 
process regarding forests and other natural 
resources (Adamowicz et al., 1994; Colombo 
et al., 2006; Da Costa & Hernandez, 2019; 
Mwebaze et al., 2018; Hausmann et al., 2018; 
Karimi & Hockings, 2018; Barkmann et al., 
2008; Frey & Pirscher, 2019; Cerda et al., 
2018). In fact, it is indicated that the demand 
for environmental goods continues to be 
measured by analyzing peoples’ expressed 
preferences for various natural resources 
relative to their demand for other goods and 
services (Markandya & Ortiz 2011; Markandya 
et al. 2018; Adamowicz et al. 1994; Barkmann 
et al., 2008; Cerda et al., 2018). While 
reflecting on the literature that has been 
reviewed for the current investigation, there are 
various aspects that usually influence the 
applicability of expressed preference methods 

of environmental valuation (Adamowicz et al., 
1994; Colombo et al., 2006; Da Costa & 
Hernandez, 2019; Mwebaze et al., 2018; 
Hausmann et al., 2018; Karimi & Hockings, 
2018; Barkmann et al., 2008; Frey & Pirscher, 
2019; Cerda et al., 2018). Besides, 
environmental resources such as forests and 
other public goods are considered to be 
different from private property since they are 
collectively consumed. In this case, most of the 
methods discussed focus on the aspect of 
people’s willingness to pay and willingness to 
accept for certain goods granted in use. 
Based on the literature reviewed, it is revealed 
that contingent valuation method is one of the 
best methods used to estimate the non-use 
values such as option values, existence value, 
and bequest value when it comes to forest 
resources. The contingent valuation method 
(CVM) is usually applied in the valuation of 
projects that are related to environmental 
management such as water, energy, and 
waste management. Besides, CVM is based 
on information that is provided by the people 
themselves, and these include current as well 
as future affected stakeholders (Adamowicz et 
al., 1994; Colombo et al., 2006; Da Costa & 
Hernandez, 2019; Mwebaze et al., 2018; 
Hausmann et al., 2018; Karimi & Hockings, 
2018; Barkmann et al., 2008; Frey & Pirscher, 
2019; Cerda et al., 2018). Nonetheless, other 
methods such as trade-off game method, 
costless-choice, cost-based method, hedonic 
to mention but a few have been highlighted to 
be important in valuating environmental 
resources such as forests. On the same note, 
most of the valuation methods are connected 
to contingent valuation method in one way or 
the other.  
 
While estimating the value of environmental 
services, a wide range of methods explored in 
this review play a significant role in helping 
decision-makers by informing them about the 
best output goods and services can deliver 
(Markandya & Ortiz 2011; Markandya et al. 
2018; Adamowicz et al., 1994; Da Costa & 
Hernandez, 2019; Barkmann et al., 2008; 
Cerda et al., 2018). For example, it is indicated 
that hedonic pricing technique is usually used 
to capture the aspect of willingness to pay 
measures related with variations in property 
values that result from the presence or 
absence regarding certain environmental 
attributes such as air pollution, noise and water 
waves (Figure 1 & Table 1).  
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Fig. 1: Possible categorization of Environmental valuation methods 

Source: Own analysis based on (Markandya & Ortiz 2011; Markandya et al. 2018; Barkmann et al., 
2008; Cerda et al., 2018). 

 
Besides, hedonic pricing method captures the 
aspect of the production function approaches, 
which relate to environmental changes to other 
production relationships. Other methods such 
as cost-benefit were found to be significant in 
providing a systematic process for identifying, 
valuing as well as comparing costs and 
benefits of environmental resources 
(Markandya & Ortiz 2011; Markandya et al. 
2018; Adamowicz et al., 1994; Da Costa & 
Hernandez, 2019; Barkmann et al., 2008; 
Cerda et al., 2018). 
 
Although various methods discussed use 
different techniques to estimate the value of 
environmental resources such as forests 
goods and services, most of them help 
decision makers when it comes to 
management of available resources. More so, 
the various methods explored such as 
contingent valuation methods, trade-off game 
method, costless-choice, cost-based method, 
hedonic to mention but a few have been 
employed in many investigations to estimate 

the value of environmental resources at both 
local and international level. In this case, 
therefore, it is worth mentioning that this review 
serves as the starting point to discuss 
environmental valuation practices while 
reflecting on individuals’ willingness to pay for 
certain goods and services. 
The investigation concludes with the 
classification of revealed methods and 
expounding on their categories as well as their 
applicability in the estimation of the value of a 
given resource (Figure 1 & Table 1). Although 
not fully discussed here in, in Figure 1, we also 
illustrated where Stated Preference (SP) is 
applicable. For example, The study shows that 
Contingent Valuation Method (CVM) is the best 
applicable tool when we are interested in the 
stated preference (Markandya & Ortiz 2011; 
Markandya et al. 2018; Barkmann et al., 2008).  
The study also illustrates which resources and 
their possible technique that can used in the 
estimating the value of such an environmental 
good (Table 1).  
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Tab. 1: Applicability of Environmental valuation methods 
Source: Own analysis based on (Kerkhof et al. 2010; Howe et al., 2014; Markandya & Ortiz, 2011; 
Markandya et al. 2018; Cerda et al., 2018) 

Environmental Impact Productivity issues Health 
issues 

Amenity Existence 

 Soil erosion & fertility x    

 Land degradation x  x x 
 Desertification x   x 
 Deforestation x  x x 
 Loss of habitat x  x x 
 Wildlife x  x x 
 Air pollution x x x  
Waste disposal x x x  
Water contamination x x x  

Marine environment x  x x 
Overfishing x   x 
Resettlement  x  x x 
Biodiversity, species 
loss 

x  x x 

Indigenous threat    x 
Community disruption x x   

Hazardous waste x x x  
Surface water pollution x x  x 

Method of Valuation 
 

Productivity change 
Response cost 
Substitution cost 
Shadow project 
Replacement cost 

Response 
cost 
Human 
Capital cost 
Cost of illness 
 

Hedonic 
Pricing 
CVM 
Travel Cost 
 

Contingent 
Valuation Method 
(CVM) 
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Climate patterns and trends across the tourist region Štiavnické vrchy Mts, modifications 
related to the current climate change 

 
Adriana Leštianska, Jakub Železník, Zora Snopková, Peter Borsányi, Jozef Zverko 

 
Abstract 
Most tourism-trade related activities suppose certain stability of climatic conditions and their seasonal 
courses. The climate change impacts can cause adverse consequences for the natural and also for 
the socio-economic environment. Consequently, there is a potential risk for touristic destinations, 
considering their potential, profitability and numbers of people visiting these localities. The region of 
the Štiavnické vrchy Mts displays a considerable landscape and cultural-historic potential, offering, 
together with many cultural and sport activities, a solid background for the basic menu of the tourism 
trade. The relatively mild climate of the region provides perfect conditions for tourism activities 
development, allowing to perform all-year-round activities. This work presents a detailed evaluation of 
the climate developmental trends for the studied region, with a special focus on climatic indicators (the 
number of summer days, hot and freezing days, frequency of rainless periods), in the Banská 
Štiavnica region (48°26' N, 18°55' E, 575 m a.s.l., Central Slovakia). An additional drought-related 
research was also carried out with using the climate water-balance data. We present assessment of 
trends of climatic characteristics calculated using the meteorological data measures at the station 
Banská Štiavnica during the period 2000–2017. Our results have confirmed the significant increase in 
air temperature and in the number of drought periods along with the occurrence of abnormal or 
extreme weather fluctuations in the Štiavnické vrchy Mts, continually observed over the recent years. 
 
Key words: Banská Štiavnica, summer and tropical days, frost and arctic days, water balance, climate 
change 
 
 
Introduction 
One of the most important factors limiting the 
growth of tourist and holiday activities in a 
selected area is the climate conditions 
determining the tourism potential of this area in 
a long-term prospect. Most activities in tourism 
trade presuppose certain stability of climatic 
conditions and their seasonal courses. This is 
reflected in the whole infrastructure and 
marketing. The changes to climatic conditions 
may cause serious changes to touristic 
seasons, concerning their duration and quality. 
This can draw serious consequences for the 
competitiveness of the destinations touched.  
The climate change can induce considerable 
changes in the natural and socio-economic 
conditions determining the tourism potential for 
particular regions or even entire lands. The 
tourism potential of a given destination can be 
notably reduced due to bad water accessibility, 
occurrence of extreme weather events (heat 
waves, drought periods, floods, intensive 
storms and hurricanes), loss of biodiversity, 
loss of the land’s aesthetic value, poor quality 
of traditional agricultural products (wine 
tourism), increased occurrence risk of harmful 
diseases. On the other hand, some 
environmental changes may mean a profit 
enhancing the tourism potential of the area 
concerned (Simpson et al. 2008).  
The temperature regimen of the atmosphere, 
precipitation regimen and upper soil moisture 

regimen are parameters determining the 
overall appearance of the land and its 
vegetation. The climatic change-related 
scenarios indicate increasing frequency and 
duration of extreme climatic events (IPCC 
2014), at the global and also the regional level 
(Středová et al. 2015). In general, we may 
declare that, at present, the climate change 
issue does not mean a possible threat in the 
future, any more. Contrarily, this issue has 
been unveiled as an actual major 
environmental problem (Minďáš et al. 2011). 
Particular regions exhibit conspicuous 
temperature increase accompanied by 
significant changes in other climatic 
characteristics, primarily the extremal 
precipitation. Despite the moderate increase in 
the precipitation amount over the central 
Europe, the conditions may seem drier - due to 
enhanced evaporation and saturation deficit 
caused by higher temperatures (Will et al. 
2013, Jungo and Beniston, 2001). 
Consequently, the total precipitation amount 
should be substituted with climatic water 
balance as a more explanatory variable. 
Climatic water balance is the difference 
between the total precipitation amount and the 
water loss due to evaporation (Škvarenina et 
al. 2009). The climate change mediated in this 
way can be obvious through the changes in the 
hydrological regimen, soil regimen, soil erosion 
and similar. This may cause changes in the 
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composition of forest assemblages, plant 
cover, cultivated crops, which is followed by 
losses in biodiversity, productivity and by 
disturbances in ecosystem services 
(Škvarenina et al. 2018). All the ecosystem 
modifications have indirect impacts on tourism, 
especially in the case of destinations putting 
forward their flourishing nature as the tourist-
attractant No 1.  
The indirect impacts of the environmental 
changes driven by the global climate change 
can have significant consequences for the 
tourist activities from the local to the regional 
levels. For assessment of the climate change 
impacts on the tourism potential in Slovakia, 
the tourist traffic needs urgent regionalisation. 
The Banská Štiavnica region may be classified 
as a dominant one, thanks to the continually 
increasing number of visitors to this region. 
This paper summarises an evaluation of the 
climate change indicators for the 
developmental trends in the climatic system in 
the Štiavnické vrchy Mts observed over the last 
20 years. 
 
The area description 
The Štiavnické vrchy Mts (Slovenské 
stredohorie) is the biggest volcanic massive in 
the Western Carpathians. The Banská 
Štiavnica region is situated in the southern part 
of Central Slovakia, in the Protected 
Landscape Area Štiavnické vrchy Mts 
(Slovenské stredohorie). The town of Banská 
Štiavnica is specific-situated, inside the caldera 
of a former volcano. The caldera ridge 
performs as a natural protection for the central 
part of the Štiavnické vrchy mountain unit. The 
region displays a considerable elevation range. 
The terrain diversity is a major factor 
influencing the development of the regional 
tourism trade (Plesník, 2008).  
The centre of the Protected Landscape Area is 
the town of Banská Štiavnica (48°26' N, 18°55' 
E). “The historical town of Banská Štiavnica 
with the technical monuments in its 
surroundings” have been registered in the 
UNESCO World Heritage List. Banská 
Štiavnica with surrounding has a smooth 
continental climate. The town is situated in the 
moderately warm climatic area (moderately 
warm, wet hilly district), with a mean annual 
temperature of 7.6°C and mean annual 
precipitation sum of 745 mm (long term means 
for 1961–1990). Lapin et al. (2002) declare that 
the regional climate of the PLA covers more 
than one climatic type. In terms of climate 
types classification in Slovakia, the mountain 
tops of Sitno, Skalka, Tanád and Banský vrch 
are situated in the cold climatic region, with the 

mean temperature ranging from 6°C 6 to 12°C 
in July and from  -6°C to 4°C in January, with 
an annual precipitation total of 800–900 mm. 
Beside these exception, the region can be 
classified as moderately warm, wet, colline, 
with the average temperature in July ranging 
from and in January from -6°C to -3.5°C, with 
the mean annual precipitation total from 700–
850 mm.  
Štiavnické vrchy are situated at the boundary 
between two different climatic types, which is 
reflected in the horizontal and vertical diffusion 
of thermophile floristic and faunistic elements 
with the Carpathian mountain species. The 
species composition of the forests in the 
central part of this region in mostly unoriginal, 
modified by anthropogenic activities. Beside 
the modified land patches, however, there 
have been preserved little-disturbed forest 
complexes. The area attractiveness is 
exaggerated with taichs - artificial water 
reservoirs built for mining purposes. The forest 
vegetation represents the 3-th and 4-th 
vegetation tier (ca 600 m a.s.l.). The town is 
protected against prevailing north winds, but 
also exposed to inversions resulting from the 
topography. 
The former mining town Banská Štiavnica is 
one of the most beautiful and, in historical 
terms, one of the most attractive towns in 
Slovakia. Because of its rich history, Banská 
Štiavnica has been listed on the UNESCO 
World Heritage List since 1993. 
 
Materials and Methods 
For evaluation of the developmental trends in 
the climatic and hydrological system over the 
studied area, there were monitored selected 
climatic characteristics and their extremes. The 
meteorological variables were measured at the 
meteorological station of the Slovak 
hydrometeorological Institute in Banská 
Štiavnica (48°26 'N, 18°55' E, 575 m a.s.l.) 
during the period 2000–2017.  
The month average temperature values and 
precipitation totals were compared with the 
long term mean values covering the period 
1961–1990.  
There were demonstrated not only changes in 
the average air temperature, but also in its 
maximum and minimum, the occurrence of 
“summer”, “tropical” days, as well as the 
occurrence of “frost” and “ice” days. The official 
Meteorological dictionary (Sobíšek, 1993) 
defines a “summer” day as a day with a 
maximum daily temperature higher than or 
equal to 25 °C. The definition of “tropical” day 
is very similar, but the temperature threshold is 
set at 30 °C. The “frost” day occurs when the 
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minimum day temperature is below 0.0 °C, a 
maximum daily temperature below 0.0 °C 
denotes the occurrence of an “arctic” day. 
The precipitation-free periods were analysed 
using the methods proposed by Šútor et al. 
(2011). The precipitation-free periods were 
considered as the days without rainfall (snow) 
and the days with precipitation less than 3 mm. 
The precipitation-free periods were categorised 
in the following way: 5–9 days, 15–19 days 
and more than 20 days without precipitation. 
Drought was also evaluated through climatic 
water balance. The climatic water balance for 
the growing season (April–September) was 
calculated according to Škvarenina et al. 
(2009). Climatic water balance (CWB) is 
defined as the difference between precipitation 
(P) and potential evaporation (PE). The 
potencial evaporation was calculated 

according to Tomlain (1979). Negative values 
of the climatic indicator for wetting mean 
surplus soil moisture, the positive ones indicate 
lacking moisture. 
 
Results and Discussion 
Temperature and precipitation conditions over 
the study period are evident from the graphical 
representation in Fig. 1 illustrating the absolute 
deviations from the month air temperature 
values and precipitation sums from the long 
term mean value covering the years 1961–
1990. The month and annual values display a 
considerable variability with prevailing positive 
deviations in air temperature. The period 2000 
to 2017 is characterised by an increasing trend 
of air temperature characteristics (Figs. 1 and 
2 a, b). 

 
Fig. 1 Deviations of average day temperature and precipitation sum from long term mean values 

calculated for years 1961–1990 at the meteorological station Banská Štiavnica 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2 Trends in (a) number of summer and (b) hot days in years 2000–2017 
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Fig. 3 Trends in (a) number of frost and (b) arctic days in years 2000–2017 
 
 
In the context of the climate change, the trends 
of meteorological variables are of high interest 
in the current climate research (IPCC, 2014, 
Melo et al. 2007b, Labudová et al. 2015). The 
developmental trends in the number of 
summer and hot days in the individual years at 
the station Banská Štiavnica are evident in Fig. 
2 a, b. The analyses of the number of summer 
and tropical days in the years 2000–2017 
revealed an increasing trend, with three 
heatwaves (years 2003, 2012 and 2015). The 
highest number of summer and tropical days 
was recorded in year 2012, the lowest in 2004. 
On the other hand, the developmental trend in 
the number of frost and arctic days observed 
for the study period was decreasing (Fig. 3 a, 
b). The highest number of frost days was 
recorded in 2011, the lowest in 2014.  
Fig. 4 illustrates the number of precipitation-
free periods in years 2000–2017. The highest 
number of short-lasting 5-day rainless period 
was recorded in 2009, with, however, the 
lowest number of 10 and 20-day periods. 
Related to the negative drought impact, longer 
10- and 20- day periods exert more impacts on 
forest ecosystems. The highest numbers of 10- 
and 20-day long drought periods were 

recorded in years 2003 and 2011. The 
increasing trend of air temperature and 
decreasing trend of precipitation have several 
consequences for the natural environment, 
especially for the hydrological balance. Fig. 5 
demonstrates a big year-dependent variance in 
the water balance. This variance explicitly 
reflects the temperature and precipitation 
conditions of the area concerned. The climate 
warming means more evapotranspiration 
demands, and this also means more serious 
threat of disturbance to physiological 
processes by drought stress during the whole 
study period. The climate change scenarios 
demonstrate that the potential evaporation will 
show an  accelerated increase due to 
increasing air temperature enhancing the water 
absorbance capacity of the atmosphere 
(IPCC, 2014, King et al. 2015). In most study 
years, the climatic water balance values were 
recorded negative, except years 2010, 2014 
and 2017 in which positive values were 
obtained. The lowest value was recorded in 
year 2003 with an extreme dry and hot 
summer discussed in a number of related 
papers (Fischer et al. 2007, Beniston, 2004). 

Fig. 4 Precipitation-free periods at Banská Štiavnica in years 2000–2017 
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Fig. 5 Climatic water balance for the station Banská Štiavnica in the growing season (April–
September), years 2000–2017 

 
 
Conclusion 
The conspicuous increase in air temperature 
associated with abnormal, almost extreme 
weather events and fluctuations observed over 
the recent years have also been confirmed for 
the region of the Štiavnické vrchy Mts. The 
analysis of the number of days with conditions 
favourable for summer mountain tourist 
activities has revealed that this indicator 
exhibited a positive trend in increase of these 
days. Consequently, in accordance with the 
climate change scenarios, we may suppose a 
rising (climatic) potential for summer tourist 
activities also in sub-mountain areas in 
Slovakia. Contrarily, the conditions for winter 
tourism during winters will worsen, both in 
terms of snow conditions (lower numbers of 
frost and arctic days, reduced snowfall and 
snow cover) and in terms of performing winter 
mountain tourist and sport activities.  
The discussed climate change indicators 
illustrate the current developmental trends in 
the climate system in Slovakia as well as the 
developmental trends in climate-driven 
characteristics documenting unequivocally the 
changes obvious over the recent 20 years. The 
indicators demonstrate that the time-
dependent variations comprise a discernible 
trend component related to the changing 
climatic conditions throughout the Slovak 
republic territory.  
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Floods as phenomenon endangered lives and properties 
 

Andrej Šoltész, Lea Čubanová, Adam Janík, Dana Baroková 
 

Abstract 
The goal of the paper is to point out the problem of the floods, or flash floods that endangered 
inhabitants almost always in small catchments in the last few years. Problematic are basic data, e. g. 
hydromorphological, water management, geological or hydrological, gauging stations in small streams 
in their upper parts are missing. Therefore, also design of flood protection measures is complicated 
and volume of the flash flood is not possible to carry by the river bed of the stream. Often only 
detention reservoir is capable to retain and flatten such a big volume with the proper efficiency in 
regard to the economical point of view. 
 
Key words: design data, flash flood, flood, hydraulic design, measurements 
 
 
Introduction 
The major part of population and goods are 
located in big urban areas so efforts for 
avoiding flood problems should be focused on 
these urban areas. Act No. 7/2010 Coll. on 
protection against floods defines the flood as 
the temporary flooding of a normally unflooded 
area due to the effects of natural factors such 
as precipitation, snow melting, obstacles 
created by glaciers, ice blockade, various 
barriers constraining continuous water runoff 
regardless of whether the obstacles preventing 
water runoff created in the stream river bed or 
on the terrain. It means that as a flood cannot 
be considered area flooding caused by 
disruption of the water supply system, clogging 
of the sewer inlets or insufficient drainage 
capacity of the sewer collector. The flood is a 
relatively rare phenomenon with extraordinary 
performance in the runoff process (MŽP SR, 
2011). 
As defined in Directive 2007/60/ EC, three 
fundamental criteria are characteristic for the 
flood (MŽP SR, 2011): 
 the flood has to flooded an area that is not 

usually covered by water,  
 the flood usually causes water to be flooded 

from the water bodies - from rivers, branches, 
temporary streams or from the sea, 

 flooding due to a failure of a technical facility 
may or may not be considered as a flood. 

Basic causes of the flood formation are (Act 
No. 7/2010):  
 sudden or intense rainfall, such floods are 

called flash floods, 
 long-time rainfall, often several (2 - 5) days, 

whereas it is possible that similar situation 
being repeated in a short time. They are 
mostly associated with the formation of long-
term depression, in Slovakia, mainly occurred 
in summer and autumn, 

 snow or ice melting, 

 the occurrence of an obstacle in the stream 
river bed (e.g. the accumulation of iceberg or 
wood) and subsequent flooding of the 
neighbouring areas. 

Designed flood protection measures should 
store the flood wave volume and mitigate the 
effect of flush floods on residential areas of 
small and even larger cities. 
 
Material and methods 
The diversity of the nature makes impossible to 
apply everywhere a single method of the 
protection against floods. This fact, Act No. 
7/2010 Coll. on flood protection, is establishing 
in five basic groups of preventive technical and 
non-technical measures to protect against 
floods (MŽP SR, 2011): 
1. Measures that increase the retention 
capacity (Kandra et al., 2017) of the catchment 
or in suitable localities support natural water 
accumulation, slow down the water runoff from 
the catchment into the stream river beds and 
which protect the area from flooding by surface 
runoff, e. g. management of the forests, 
farmlands and urbanized areas. 
2. Measures that reduce the maximum flood 
discharges in the catchment, e. g. (Pařílková et 
al., 2012) water structures (dams, weirs), 
reservoirs and detention reservoirs. 
3. Measures that protect areas from flooding 
by water from stream river beds, e.g. water 
training, dikes or floodplains. 
4. Measures that protect areas from flooding 
by internal waters, e. g. system of the drainage 
channels and pumping stations. 
5. Measures which ensure the flow capacity of 
the stream river beds, e. g. removal of 
sediments from the river beds and vegetation 
from their banks (Šlezingr et al., 2017). 
The procedure of the flood protection measure 
design combines into one complex the 
technical knowledge, hydraulic calculations 
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and simulations, requirements of the area of 
interest and spatial potentials. Each solved 
urban area is limited by different boundary 
conditions, e. g. bridges, culverts directly in the 
stream, house-building very close to the 
streams, not sufficient place for the creating of 
the flooding areas, etc. In general, should be 
kept following procedure, only own proposal 
will depend on the specific situation. 
First of all, the basic data are required. Their 
validity is the most important for the beginning 
of the preliminary design. From these data, the 
designer obtains relevant information and 
values for the design of the flood protection 
measures, because it is not possible to use 
standardized schemes of the flood protection, 
but every design needs an individual approach. 
The water management data contains 
information about hydrological situation in the 
river catchment (daily and annual discharges, 
precipitations, flood wave, its peak and 
duration). The geomorphological data 
represent the terrain data, obtained by the 
survey and geodetic measurements of the area 
of interest, besides, it is appropriate to use an 
available map data for preliminary design. 
From these data should be detected protected 
area and problematic parts. Based on the 
analysis of geology it is possible to design a 
stable cross section of the stream, to choose 
appropriate profile of the detention reservoir, 
etc. The designer should make a detailed 
survey of the stream and its vicinity, it means 
topography of the original stream, to determine 
the cross sections by the geodetic 
measurements and to find out the discharge 
and water level in the stream in the same time 
for achieving the relevant values for the future 
mathematical model calibration. In this way 
should be obtain a review of the depths, 
longitudinal slopes of the river bed bottom, 
roughness coefficients and objects on the 
stream. 
Following is the creation of a mathematical 
model of the present state in order to identify 
critical parts of the area to be protected by the 
flood protection measures, thus detecting the 
flow capacity of the stream that endangers the 
neighbouring area with floods. Therefore, 1- or 
2-D mathematical model is building (1-D model 
is sufficient for the preliminary design), whose 
credibility is increased by calibration. In 
practice, it is not often that model is verified, 
because it is not possible to perform at the 
same time a water level and discharge 
measurements during flood situations. These 
are mainly small river basins where no gauging 
stations are available.  

Then follows the proposal of flood protection 
measures according to the specific situation 
and conditions. This proposal is then inserted 
into the mathematical model of the present 
state where the effects of the proposed 
measures are find out. On the basis of the 
analysis of the stage without the designed 
measures and with them it can be stated their 
suitability and effectiveness. 
Results and Discussion 
Based on the previous information and data 
should be stated that each area of interest 
endangered by flood events requires individual 
approach in the design of the flood protection 
measures. The following studies will show the 
possibilities of the flood protection measures 
designing in different conditions of small 
municipalities with relatively small river 
catchments but high flood discharges. Every 
suggestion has been sensitively tried to use 
the given site's capabilities with regard to 
maximum flood protection, functionality as well 
as an ecological site, as will be shown on the 
next examples. 
Píla village – Gidra stream and Kamenský 
stream (its tributary) – affected by destructive 
flood in 2011. After this flood many buildings, 
roads and pavements had to be repaired but 
the flood protection still not exist. After the 
simulation of flood without proposed measures 
it was proceeded to design detention 
reservoirs because of spatial possibilities and 
existed objects (bridges and culverts) on the 
stream. When proposing detention reservoir, 
the most important value is the capacity 
discharge of downstream channel and its 
structures. Usually, structures as bridges or 
culverts have less capacity than the channel 
itself, as it was in this case, as well. Two 
detention reservoirs (Fig. 1, Tab. 1) were finally 
proposed to ensure complete flood protection 
of village – one on the Kamenný stream and 
another (the upper) on the Gidra stream. 
By synergy of the detention reservoirs the 
meridian flow has been reduced from original 
24,6 m3.s-1 to value 11,10 m3.s-1 and has been 
delayed by 1,25 hour (Janík, Šoltész, 2017, 
Pindjaková et al., 2016). 
Levice town – Podlužianka river, Čajkovský 
and Rybnícky streams (its tributary) – situated 
on the Slovak lowlands suffered from floods. 
This area is often naturally flooded from all 
rivers during floods. Present conditions of the 
flood protection in the Levice district area are 
not sufficient. The river bed training of the 
Podlužianka River in the central part of Levice 
town was done in 2004. For the sufficient town 
protection, it is necessary to ensure increasing 



 Journal of Landscape Management (2019) Vol.: 10 / No. 1 

   

‐ 42 ‐ 

of the capacity of the river bed, to remove 
obstacles from the river bed, to adjust river 
banks and to store flood flow rates in detention 
reservoirs. Various alternatives were examined 
(up to 7 detention reservoirs were proposed 
and simulated in one mathematical unsteady 
model) and - on the basis of the economical 
and water management assessment – an 
alternative with 3 detention reservoirs (Tab. 2, 
Fig. 2) was chosen (Kelčík et al., 2016). 
Bardejov town – Topľa river – analysis of the 
flood protection of this town showed its 
insufficiency in the centre of the city. Because 

it is a downtown with a dense build-up, it was 
not possible to enlarge the dikes by earth, also 
river bed could not be trained or extended. 
Therefore, the flood protection of the middle 
part of the city was already realized by building 
of concrete walls. The results of mathematical 
modelling showed, that flood protection walls 
designed and realized in the central part of the 
town (phase I.) must be supplemented in 
upstream and downstream sections (phases II. 
and III.) to ensure flood protection in whole 
solved section (Fig. 3) (Šoltész et al., 2018).

 
 

 
 
 
 
 
 

Fig. 1: Proposed detention reservoirs on the Kamenný and Gidra streams 
 
Tab. 1: Designed parameters of the detention reservoirs (Pindjaková et al., 2016) 

 
Tab. 2: Designed parameters of the proposed detention reservoirs – final alternative (Kelčík et al., 
2016) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

stream crest 
altitude 

(m a.s.l.) 

dam 
height 

(m) 

outlet 
diameter 

(m) 

dam crest 
length 

(m) 

detention 
volume 

(m3) 

Kamenný 306,2 5,6 1,10 80 50 000 

Gidra - upper 300,5 5,5 1,00 140 108 000 

stream crest 
altitude 

(m a.s.l.) 

dam 
height 

(m) 

outlet 
diameter 

(m) 

dam 
crest 
length 

(m) 

detention 
volume 

(m3) 

Podlužianka (rkm 12,6) 174,5 5,5 2x1,60 550 670 506 

Podlužianka (rkm 19,9) 248,5 9,4 1,50 80 84 158 

Čajkovský 202,4 6,9 1,30 365 181 907 
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Fig. 2: Situation of the proposed reservoirs for the Levice town flood protection (Šoltész et al., 2014) 

 
 

 

 

 

Fig. 3: Bardejov – orthophoto map with phases of the proposed flood protection walls (Šoltész et al., 
2018) 

Conclusion 
A strategy to manage floods in an ecological 
manner should be based on improving river 
basin land-use, prevent in rapid run-off both in 
rural and urban areas, and improving a 
transnational effort to restore rivers' natural 
flood zones. It tends to reactivate the ability of 
natural wetlands and floodplains to alleviate 
flood impacts. Development of manageable 
flood polders, which should be preferably used 
as extensive grassland or to restore alluvial 
forests at selected locations of former 
floodplains to reduce flood peaks, is also 
appropriate. In residential areas with limited 
space it is recommended to complement the 
flood protection by flood protection walls, 
mobile closures, superstructures or simple 
sandbags. The use of non-permanent forms of 
barrier for flood protection can provide much 
needed flexibility and increased opportunities 
for effective management of a wide range of 
flood events of flood events (UN/ECE, 2003). 
Flash floods that occur mainly in small water 
catchments are a specific case of devastating 
floods that cause rains characteristic of short 
duration, relatively large and significantly 
varying intensity; typically affecting small 
areas. The effects of flash floods - if they are 
not caused by a series of storms (Julínek, 

Říha, 2017) or a progressive flood - will 
disappear after a few tens of kilometres. Since 
1995 up to now more than hundred floods 
occurred in Slovakia, and the frequency of their 
occurrence seems to be increasing. Analyses 
of precipitation volume, runoff, their time 
course and situation on the affected river 
basins confirm that catastrophic flood events - 
as large surface range as well as in small river 
basins - are definitely caused by a large sum of 
high precipitation intensity that have fallen into 
basins almost completely saturated by 
previous precipitation. Last 15 years in 
Slovakia were extremely rich in precipitations 
(MŽP SR, 2011). 
Flash floods are becoming a phenomenon that 
troubles people more and more often in many 
Slovak under-mountain regions. Flash floods 
also called storm or sudden floods are 
a specific type of rain floods which typical sign 
is an intensive increase of water level in the 
river in a short time period (usually couple of 
hours). Mostly there are floods on small 
streams in upper parts of river basins and their 
starters are extreme storm rainfalls. Rainfall 
intensity and duration limits are not possible to 
determine exactly because they are dependent 
on many factors such as type and shape of 
landscape, soil water saturation and 
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nonetheless they depend on anthropogenic 
activity. Due to the extremely short time of 
flood beginning, it is very difficult to alarm 
inhabitants and for carrying out operative flood 
protection measures like mobile flood-
protection barriers it is mostly too late. That is 
the reason why it is necessary to prepare 
appropriate flood-protection measures, which 
do not need any operation and work 
automatically (Janík, Šoltész, 2017). 
 
This paper was supported by the VEGA Grant 
agency under contract No. 1/0800/17 and by 
the Slovak Research and Development 
Agency under Contract No. APVV-14-0735. 
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Evaluating the navigation safety near the Kráľová Water Structure using the 2D hydrodynamic 
flow model 

 
Martin Orfánus, Petra Ivaneková 

 
Abstract 
The main subject of the thesis is assessment of nautical conditions downstream of the Kráľová Water 
Structure, with 2D hydrodynamic model – River2D. According to recent interest in improvement of 
navigability of lower section of river Váh, the importance in assessment of navigation conditions on this 
part of river is raising. Purpose of this evaluation is mainly the change in velocity field, which occurs on 
the basis of manipulation on the water structure. Hydrodynamic 2D model, based on the topology of 
the river and the water structure, simulates proceeding of velocity field, depths and altitudes on 
observed section of river. These parameters may affect vessel navigation and anchorage. By means 
of the results, is possible to take measure of the influence and design actions against these negative 
effects. 
 
Key words: water transport, Kráľová Water Structure, River Váh, 2D Hydrodynamic Model  
 

 
Introduction 
The role of navigation in the manufacturing 
process is the movement of raw materials,  
semi-finished products and finished products, 
so as to avoid slowing down or delaying 
production. Based on the above facts, we 
share the freight and passenger transport. In 
addition to this division, we also know the 
division into continental and intercontinental 
transport. Water transport is further divided into 
transport: 

 Inland waterways 
 Coastal 

 
The importance of inland waterways with the 
construction of the European navigation, the 
opening of the Danube - Mohan - Rhine 
waterway in 1992 and the increasing demands 
on the transport of goods and materials as well 
as the requirements on the protection of the 
environment. Water transport has been given 
the lead by the possibility of creating 
economically advantageous and 
environmentally-friendly transport of goods 
(Obložinský et al, 1997). 
Classification of waterways is important for the 
integration of waterway parameters of 
international significance. The current 
classification was adopted in 1996 by the 
European Agreement on Major Waterways of 
European Importance (hereinafter "the AGN 
Agreement"). This classification of international 
waterways is divided into 7 main classes and 
subclasses, based on the dimensions of the 
largest vessel, the largest push ship assembly 
to navigate safely and under reasonable 
economic conditions on a given waterway. The 
dimensions of the related objects (ship locks, 
bridges, etc.) are also characteristic for the 

given class. The AGN agreement identified 
waterways that are, respectively, will become 
part of the international network of waterways. 
The Slovak rivers are the Danube, Váh and 
Moravia (Možiešik et al, 2012). 
The relative speed of the vessel relative to the 
water is greater (e.g. when cruising), the 
greater is the force of water on the vessel. 
Resistance of water, followed by consumption 
of fuel. When cruising along a stream, the 
vessel, due to its sufficient maneuverability, is 
at a faster speed than the speed of the water. 
As a result, the danger of shipping accidents is 
growing. It is therefore necessary that the 
speed does not exceed 2 m.s-1 (exceptionally 
2.5 m.s-1, e.g. in bridge profiles). In places 
where vessels reduce speed and reduce 
maneuverability (cruise lines and ports), flow 
rates are safe at 0.5-0.8 m.s-1. 
Also, the cross velocities are important for 
navigation safety. These components of flow 
velocities act on the sides of the vessel by 
force and torque - pushing the vessel and 
rotating it with the ideal path of motion of the 
vessel. The approximate maximum boundary 
value of transverse components of flow rates is 
0.2-0.3 m.s-1. These parameters of the flow 
velocity field can be influenced by appropriate 
parameters of the waterway and the runway, 
the parameters of the objects and the 
appropriate conceptual and layout solutions of 
the objects of the water work (Možiešik et al, 
2012). 
 
Material and methods 
Most scientific literature related to the research 
of nautical conditions is devoted to the flow 
parameter on rivers and canals or to the 
objects used for the vessel to overcome the 
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head (upper pool, ship lock, lower pool). 
However, these are usually built on the water 
structures (mostly a weirs). The water 
structures provides a certain hydropower 
potential based on a head that can be utilized 
through the construction of a hydropower plant 
(hereinafter "VE"). 
The layout of the objects of the water 
structures proposes the mutual arrangement 
and spatial position of individual objects so as 
to minimize the influence of these objects 
(Možiešik et al, 2012). 
The goal of the optimal layout solution from a 
navigational point of view is: 

- in the critical space of the head of the 
vessel to minimize the size of the cross-
flow components of the flow rate to values 
of up to about 0.2-0.3 m.s-1 and the 
longitudinal flow components to valuesof 
up to 1 m.s-1 

- minimize the impact of impact waves 
when they occur in emergency or non-
energy VE operation 

- ensure a sufficient length of the direct part 
of the voyage track in the area of the craft 
and the ship lock 

-  to prevent the loading of the boats and 
the runway in the area of the waterworks 
by floods and, if possible 

- protect the objects from direct ice risks 
during winter traffic, ensure sufficient 

visibility and visibility for crew members 
throughout the voyage and voyage 
voyages, eliminate the impact of wind in 
the upper water (Možiešik et al, 2012). 

 
The territory of the Kráľová Water Strucutre is 
located in the southern part of western 
Slovakia between the towns of Sereď, Galanta 
and Šaľa, surrounded by the municipalities of 
Dolná Streda, Váhovce, Kajal, Kráľová nad 
Váhom, Dlhá nad Váhom, Šoporňa and 
Šintava. The territory of the reservoir with 
perimeter barriers and collection facilities is 
located in the territory of the Trnava region, the 
territory where the coal is built, VE and PLK 
belong to the Nitra region. Kráľova Water 
Works is a multipurpose water work, 
completed in 1985, which uses the stretch of 
Váh between Sereďa and Šaľa at 44.2 - 78.6 
rkm. The water structure VD Kráľová is located 
on the Váh in rkm 63,150. In Seredi, he carries 
78.6 on the Vah River in his controlled state. 

 

 
Fig. 1: Kraľová water structure 

At present, Kráľová Water Strucutre is one of 
four operatednavigation objects in Slovakia. In 
this Kráľová Water Strucutre, the navigation 
conditions were assessed by 'in situ' 
measurements and the calculation of the flow 
velocity parameters, with considerably 
inappropriate navigational conditions in some 

operating states (VE start and stop) (Možiešik, 
2012). 
In the case of river flow simulation, there is an 
increasing need for calculations, unlike coastal 
or marine flows, due to the possible high flow 
velocity and the large slope of the bed relative 
to a relatively small depth. Most 2D models of 
mean depths deal with basic weight 
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conservation equations and two horizontal 
momentum conservation elements. The output 
is two horizontal speeds ("qx, qy") and "depth" 
(d) at each point or node of the computation 
network, unlike 3D modeling, the vertical 
velocity distribution is considered to be uniform 
and the distribution hydrostatic pressure 
(Steffler et al, 2002). 
Due to the hydrodynamic 2D model, the flow 
rate, depth and altitude over the observed flow 
section can be simulated on the basis of flow 
and water geometry. This illustrates the course 
of variation in flow conditions in which the 
adverse effects caused by the change of 
speed field on navigation and boat anchoring 
can be assessed and described. The aim of 
the research 
The aim of the thesis is to assess the nautical 
conditions under the Kráľová Water Strucutre 
2D hydrodynamic model - River2D. The object 
of the navigability evaluation is in particular the 
change in the speed field caused by operation 
on the Kráľová Water Strucutre 
The partial goals of the work are models of 
flow simulation scenarios for these two types of 
states. From the data obtained after the 

modeling and simulation is completed, it will be 
possible to assess whether vessels are 
securely anchored and cruise to the bottom 
harbor and port areas of Kráľová Water 
Strucutre. 
 
Simulated scenarios are: 
- during the rise in maximum turbine  
- during a sudden VE shutdown 
 
Due to the hydrodynamic 2D model, the flow 
rate, depth and altitude over the observed flow 
section can be simulated on the basis of flow 
and water geometry. These parameters may 
affect navigation or anchoring vessels. Based 
on outputs, it is possible to assess the degree 
of impact and propose possible measures to 
reduce these adverse effects. By assessing 
the flow simulation during specified states, it is 
decided whether the objects of the water 
structure have been designed and solved so 
that sufficient maneuverability and safety of the 
anchoring in the objects and in the vicinity of 
the objects intended for the vessel (ship lock, 
lower pool) is ensured for the vessel. 

 
Fig. 2: Numerical model (hydropower plant, port) 

 

 
Fig. 3: Numerical model (ship lock lower pool) 

 

 
Fig. 4: Numerical model (ship lock lower pool) 
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Results and discussion  
Flow scenratios were modeled in the form of 
steady and unsteady flow based on information 
of hydrological parameters on the Váh river, 
the morphology of the area, climatic data, as 
well as the method of operational manual such 
as the discharge through the weir and the 
hydropower plant.  
For a sufficiently objective assessment of the 
impact of assessed conditions on vessel 
navigation, selected points were examined for 
detailed development of the flow paramters per 
time unit. They have been chosen at the most 
sensitive places of movement and anchoring of 
vessels, namely: 
- in thelower pool longitudinal axis at the 

distal end of the guiding wall from the ship 
lock  

- at a port approximately 10 m from the port 
wall on its right and left edges 

For unsteady flow, we also consider the cross-
sectional velocity, flow, depth, and other 
magnitudes in general depending on the 
longitudinal coordinates and the time. 
Unsteady flow is manifested by the formation 
of oscillation and translational waves on the 
surface. According to the rate of change of the 
basic quantities, the flow divides into 
continuously changing constant flow and 
suddenly changes, impact waves (Masiar et al, 
2001). 
This phenomenon arises when the hydropower 
plant operating mode changes. The calculation 
of unsteady flow gives the picture, in particular, 
the size and waveform, which is important for 

the reconciliation of energy and navigation. 
This mode is characterized by a time change 
of flows and levels in individual open channel 
profiles (Dušička et al, 2009). Unsteady flow is 
represented by changing the volume of water 
flow through hydropower plant at time.  
 
Conclusion 
Negative flow effects due to operation have not 
been demonstrated by the analysis of nautical 
conditions based on the analysis of velocity 
field changes. Even though there is a slight 
pulsation of velocity and tilt of water levels, it 
can be said that the island between the 
hydropower plant and the downstream is long 
enough to prevent shock waves caused by 
changes in the volume of water discharged 
through the hydropower plant, as well as the 
island separating channel trough the hatch 
from the port. Additionally, navigation and 
anchoring in a port under the Water Structure 
are currently prohibited. 
Negatively affected would also be waiting 
vessel in the lower pool where a maximum 
speed of 0.524 m.s-1 was observed. This 
velocity was observed in the continuous flow 
simulation scenario during the hydropower 
plant rise to maximum discharge at 290 s (less 
than 5 min.) From the start of the simulation. 
The recommended longitudinal velocity 
component should be in the range of 0.5-0.8 
m.s-1, in areas where the vessel reduces its 
velocity (for anchoring and waiting in the pool 
or ship lock) due to safe maneuverability. 

 
Tab. 1: Parameters in reference point (port, lower pool) during shutdown 

 
 
 
Even though the detected velocity of the 
hydrodynamic model is within this range, it 
might be appropriate to investigate the tension 
in the mooring lines at the waiting positions in 
the downstream area. However, it would be 
appropriate to compare measurements with 
values obtained from the simulation to 
determine the accuracy of the 2D model. 
In addition, the highest observed values were 
observed at the maximum discharge of both 
turbines, with virtually never operating such a 
scenario. There is also a very unlikely variant 
of turbine starting from biological flow to 
maximum during 120 s. Similarly, when 

comparing this scenario with others in terms of 
time, changes occur in a much smaller time 
step. 
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