
Mudroň I.: Land use change and optimisation regarding to natural hazards 

1 

 

VŠB - TECHNICAL UNIVERSITY OF OSTRAVA 

Faculty of Mining and Geology 

Institute of Geoinformatics 

 

 

 

 

 

Dissertation Thesis 

 

 

Land use change and optimisation regarding to natural 

hazards. 

 

 

 

 

 

 

Author:                          Ing. Mgr. Ivan Mudroň 

Supervisor:        doc. RNDr. Ján Unucka, Ph.D. 

      Degree programme:  Geodesy and Cartography 

Study branch:                             Geoinformatics 

Ostrava, 2013 

  



Mudroň I.: Land use change and optimisation regarding to natural hazards 

2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Motto: “The beginnings are always goofy. A person doesn’t know at all what it is all about.” 

Prof. Ing. ak. arch. Alena Šrámková at the age of 82. 

  



Mudroň I.: Land use change and optimisation regarding to natural hazards 

3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Declaration and publication policy 

 

I hereby declare that my dissertation thesis entitled: Land use change and optimisation 

regarding to natural hazards is my own work and includes nothing which is the outcome of 

work done in collaboration except as specified in the text.   

I declare that my dissertation thesis is written according to dean’s directive no. 1/2010.   

I do agree, that the Technical University in Ostrava is in law to use my diploma exclusively 

for own non-financial purpose (§ 35 subsection 3).  

I do accept (according to § 47 of Act nr. 111/1998) that the text of my dissertation thesis is 

going to be published on the web page of the faculty of Mining and Geology. 

  



Mudroň I.: Land use change and optimisation regarding to natural hazards 

4 

 

Acknowledgment 

I would like to show my gratitude to all those, who gave me the possibility to complete my 

research, especially to my parents and friends, who supported me during my whole life. I 

want to thank my supervisor, all co-authors of our publications, teachers and conference 

discussants and consultants for all their helpful advices and criticism. 

  



Mudroň I.: Land use change and optimisation regarding to natural hazards 

5 

 

Abstract 

The main aim of this dissertation is to introduce a new land use optimisation method and 

employ it in real cases. Nowadays, the nature is extremely exposed to changes due to 

increasing human needs and suffering for economical enrichment. Thus Human beings and 

nature are closely interrelated. The optimal structure and proper optimisation of land use is a 

demanding challenge. The optimization of land use is seen as a way of land use management. 

This has to satisfy material and nonmaterial needs of the society with a special consideration 

to the protection of nature and its resources for the next generation. Dissertation thesis follows 

the idea of sustainable development. The presented approach is human centred. In else, it 

focuses on human driven changes and optimization of land use. The dissertation utilizes 

fundamental ideas of land cover and land use evolution described in the first part. The 

approach is empirical and is based on previous human experiences.  

Introduced method is divided into two major steps. i) Computation of land use suitability for 

particular type(s). ii) Decision of land use change. The approach is implemented in three real 

cases. Optimisations are solved in different landscapes – in mountain area as well as in 

lowland. These areas were selected purposely to underline contemporary problems in land use 

management and its impact. The most common and harmful natural hazards in mid-Europe 

have been selected for modelling. The chosen natural hazards are erosion in arable lowlands, 

snow avalanche in mountain areas, and flooding in sinks and depressions. They are 

threatening and limit human activities, cause human death, and material damage. To mitigate 

and prevent against aforementioned and other natural hazards is an inseparable part of proper 

land use optimisation.  

The main output of the research is the description of optimisation method. Next goal was to 

demonstrate land use limitation by natural hazards. Results include land use suitability for 

built up area in Magurka settlement (Slovakia), land use suitability for arable land in 

Cebovsky Potok upper river-basin (Slovakia), and proposal of land use change to aquatic 

ecosystems in Becva inundation area (Czech Republic).  

The new approach is meant to stand a well-founded place alongside the other optimisation 

methods and approaches. The verification of the approach was done in comparison of land use 

suitability computed in advance and real observed changes in Cebovsky Potok upper river-

basin.  

 

Key words: Land use, Optimisation method, Human demands, Natural hazard, case studies  
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Abstrakt 

Hlavným cieľom dizertačnej práce je predstaviť novú metódu optimalizácie využitia krajiny 

a následne ju využiť na troch príkladoch v rozličných lokalitách. Ľudská činnosť je základná a 

hlavná hybná sila v ovplyvňovaní priestorových a časových zmien vo využívaní krajiny. V 

súčasnej dobe je príroda vystavená zmenám v dôsledku zvýšenia ľudských potrieb a snáh o 

ekonomické obohatenie sa. Preto ľudia a príroda sú úzko prepojený. Optimálna štruktúra 

a optimalizácia krajiny je náročná úloha. Optimalizácia využívania krajiny sa považuje za 

proces, ktorý vedie k takému využívaniu krajiny, ktoré uspokojí materiálne aj nemateriálne 

potreby spoločnosti so zvláštnym zreteľom na ochranu prírody a jej zdrojov pre budúce 

generácie. Takže dizertačná práca sleduje myšlienky trvalo udržateľného rozvoja a je 

zameraná na človeka. Sústredí sa na zmeny v krajine vyvolané ľudskými aktivitami 

a optimalizáciu krajiny vzhľadom na potreby ľudí. Základom metódy optimalizácie je 

myšlienka evolúcie krajinnej pokrývky resp. využitia krajiny, ktorá je popísaná v prvej časti 

práce. Metóda je štatisticko-empirická, teda postavená na predchádzajúcich skúsenostiach 

v oblasti vývoja využitia krajiny. Metóda sa dá rozdeliť do dvoch hlavných krokov. V prvom 

je vypočítaná vhodnosť územia pre konkrétny typ(y) využívania krajiny. V druhom kroku je 

prijaté rozhodnutie zmeny vo využívaní krajiny na základe výsledkov z prvého kroku 

vzhľadom na uspokojenie potrieb spoločnosti. Metóda bola implementovaná v troch 

prípadových štúdiách. Vymedzené územia boli vybrané zámerne z dôvodu riešenia ohrozenia 

územia prírodnými rizikami, ktoré sú najviac frekventované a spôsobujú najväčšie materiálne 

škody a straty na životoch v stredoeurópskom regióne. Optimalizácia bola riešená tak 

v horskej ako aj v nížinnej oblasti s ohľadom na eróziu, lavíny a povodne. Prevencia a 

ochrana pred prírodnými rizikami je neoddeliteľnou súčasťou správnej optimalizácie 

využívania krajiny.   

Hlavným výstupom štúdie je popis novej metódy optimalizácie krajiny. Ďalším cieľom je 

demonštrácia obmedzenia využívania krajiny jednotlivými prírodnými rizikami. Výsledkami 

sú taktiež vhodnosť krajiny pre výstavbu budov v osade Magurka, stupeň vhodnosti parciel s 

ornou pôdou v hornom povodí Čebovského Potoka a vymedzenie a návrh zmien vo využívaní 

krajiny na akvatické ekosystémy v inundačnej oblasti Bečvy.  

Nová metóda je určená ako ďalšia možnosťou optimalizácie využitia krajiny popri ostatných 

optimalizačných metódach a prístupoch. Overenie prístupu bolo vykonané v porovnaní 

reálnych zmien a vhodnosti využitia krajiny vypočítaného pred skutočné pozorovanými 

zmenami vo využívaní krajiny v hornom povodí Čebovského Potoka. 

Kľúčové slová: Využitie krajiny, Optimalizačné metóda, ľudské potreby, prírodné riziká, 

prípadové štúdie 
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Motivation 

Life is a big struggle for happiness, searching answers and about making dreams come true. 

The way to reach our goal is sometimes challenging. The end of achieving our goals is worth 

fighting for. Since I was a young boy, I was fascinated by landscape mosaics, streets, rivers; 

simply all around both in the nature and built-up space, which beautifies my heart and eyes. 

On the other side I have realised negative impact of human activities on nature. Later on the 

world started to get larger and its objects more distant by visiting different countries. 

Afterwards I realized that anywhere I travelled, the people struggled the same fight for better 

and more comfortable life in their countries. And all I found there was the same old sad story. 

People behaved regardless to the environment and other living things. It made me unhappy 

and let think about the whole system and solution of suitable land use for society. This 

dissertation deals with the problem of suitable land use.   

My first pilot researches were “The landscape potential of Liptovska Sielnica and its 

surroundings” and “Mining potential of Iliamna Lake surroundings”. Sitting sad on my own, 

after my successful defence of diploma thesis (the first study of the above mentioned) I 

realised that Multi-criteria evaluation (MCE) is not the way I have to go. Somehow I felt that 

results of this method are biased. Although this fact, MCE method is the most used in 

Slovakia and is leading to sufficient results. I had to start over and persist in searching for a 

solution to meet my answers. The beginnings are always most difficult and the first step has 

been already made. Now I want to make the next step to reach my goals and to accomplish 

my thoughts.     

And the following pages of this dissertation are an attempt to materialize my personal ideas 

and values. 

The following questions regarding land use optimisation define the motivation for this 

research: 

1. Can the computation of land use suitability be unbiased? 

2. How to achieve transparent results with prevailing landscape employment? 

3. How to overcome the problem of competing land uses? 
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1 Introduction 

This dissertation thesis is composed of nine papers published during my Ph.D. studies. The 

included papers are the result of researches conducted from 2008. Five are conference papers 

accepted from previous years, one is a conference poster, two papers were published in 

journals and one paper is the diploma thesis defended in 2010. The main parts of written work 

were interconnected and supplemented with original unpublished text to form this dissertation 

thesis. 

Land use patterns tell a story of human activity and environmental evolution [143]. It is also a 

functional aspect of landscape. Most landscapes are made by the inhabitants and fitted to their 

kind of use [33]. For centuries, humans have been altering the Earth’s surface to produce food 

and gain material or energy through various activities [107, 91, 90]. The human activity is the 

basic and major force in affecting spatial and temporal changes in land use [90, 91]. On the 

other side the underlying physical structure of nature often constrains the employment of land. 

In most regions, land use changes are thought to have been driven by the complex interaction 

of physiographic and socioeconomic factors [42]. Proper land use changes approximate to an 

ideal goal of land use planning. The longstanding and implicit goal of regional (both urban 

and rural) landscape planning is to achieve and pursue the sustainable development of a 

particular area [90]. 

 

Fig. 1: Conflicts or tensions among sustainable development values (adapted from [25]) 

Modelling land use changes is a very difficult and challenging task. There are many reasons. 

First reason is the complexity of modelled nature and complicated relations among its 

particular components. Second reason is the difficulty to predict the future scenario (as well as 

market as the natural processes). Third difficulty is to assess (exactly, if any) the importance 

of factors affecting the land use changes. Fourth reason is contradictions among the goals of 

sustainable development (ecology, equity, economy [25], livability [44], Fig.1).  
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Land use change models should represent the complexity of land use systems. They offer the 

possibility to test the sensitivity of land use patterns to change [132]. Models have proven to 

be an important tool, both to conceptualize and test the understanding of the role of different 

drivers in land cover and land use changes and to explore scenarios of possible future 

development [134]. Future land use development has to follow the principle of sustainable 

development. Sustainable development seeks to reconcile the conflicts among economic 

development, ecological preservation, intergenerational equity, and values of livable 

community. The "property conflict" between economic growth and equitable sharing of 

opportunities arises from competing claims on uses of property as both a private resource and 

a public good. The "resource conflict" between economic and ecological utility arises from 

competing claims on the consumption of natural resources and the preservation of their ability 

to reproduce. The "development conflict" between social equity and environmental 

preservation arises from competing needs to improve many poor people through economic 

growth meanwhile protecting the environment through growth management [25]. Tensions 

between livability and economic growth result in the "growth management conflict", which 

arises from competing beliefs in the extent to which unmanaged development, beholden only 

to market principles, can provide high-quality living environments [44]. Tensions between 

livability and ecology result in the "green cities conflict", which originates from competing 

beliefs in the primacy of the natural in opposition to the built-up environment [37], versus 

[10]. Tensions between livability and equity result in the "gentrification conflict", which 

comes from competing beliefs in preservation of poorer urban neighbourhoods for the benefit 

of their present populations versus their redevelopment and upgrading in order to attract 

middle- and upper-class populations [117, 35]. These tensions or conflicts create 

discontinuities or gaps that block the integration of pairs of opposing goals of sustainable 

development (Fig. 1). According to (Cao et al., 2011) comprehensive sustainability in land 

use optimization is seen as a complicated balance between economic development, 

environmental protection, efficient resource use and nonmaterial needs of local community 

respectively whole society. These activities are mostly antagonistic and temporal-spatially 

interacting. If the human demands on resources do not follow the rules of the nature, there is 

an enhanced chance of something going wrong. The worst of all possible impacts are the 

irreversible changes, in which initial state of nature is not possible or extremely difficult to 

recover. In this study it was focused on erosion, snow avalanches and flooding. Investigations 

have demonstrated that the basins of small Carpathian streams are particularly prone to 

erosion [11]. Soil erosion is a widespread environmental problem threatening human beings in 

the countries overall on Earth. Each year, 75 billion tons of soil is removed in the globe due to 

erosion with most coming from agricultural land [2]. Land use optimization at small 

watershed is a key measure to control soil erosion, restore the regional eco-environment and 

improve the tenants’ living standard [140]. Slovak republic is not an exception at all. The 

erosion as well as flooding and snow avalanches need to be understood as an essential natural 

process, which appeared long time before the evolution of the first kind of human being. 

Thus, land use optimization can be understood as protection as well as the prevention against 

natural hazards. The solved problem in dissertation is the optimization with emphasis on 
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natural resources as well as with consideration to non-material needs of society. The paper 

follows the idea of sustainable development and preservation of high qualitative environment. 

Non-material needs of society has to incorporate new visions of livable communities, which 

vary from a region to region and changes with every new generation. So the spatial-temporal 

context is emphasised through three case studies. 

2 Aims and objectives 

The main aim of this thesis is to introduce new land use optimization approach and 

subsequently employ it in three case studies. 

The introduced method incorporates the following principles and properties: 

1. Human centred approach - the optimization method has to satisfy material and non-

material needs of the society. 

2. Sustainable development principle – preservation of high-quality environment and 

resources for the next generation. 

3. Natural hazards assessment – decreasing the material damage and human losses 

according to protection and prevention against natural hazards (i.e. safe land use to 

humans and nature) 

4. Legislative support – approach, its results and steps do not have to violate the ordinary 

written law, moreover they have to be supported and based on it. 

5. Case study selection – the study areas have to be carefully selected to highlight the 

aforementioned points. 

The approach is going to incorporate the philosophical ideas described in the following 

chapter, called theoretical background. 

As described above, the optimization has to be done with emphasis on material resources as 

well as consideration to non-material needs of society, environmental protection and 

prevention against natural hazards. The theory and land use optimization approach is tested in 

three case studies. First, deals with land use optimization in Cebovsky Potok upper-river 

basin. It is focused on arable land optimization. Second case study is tested in the area of 

settlement Magurka. This case study emphases the importance of the comprehensive plan as 

well as the avalanche hazard assessment in settlement Magurka. Third case study is made in 

Becva river catchment. This study is concerned with flooding and its impact on land use.  

All the methodology involved in the approaches and results will be generalized and 

deliberated in result, conclusions and discussion.  
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3 Theoretical background 

“In a specific moment land use is considered as optimal, when no changes have to be made to 

satisfy the needs and demands of whole society as well as individual persons.” 

This part reveals the philosophical fundamental ideas of land use evolution, change and 

optimization used in dissertation. In this study, land cover is understood as an attribute of 

landscape and land use as a functional aspect of landscape. Or else, land cover is a bio-

physical state of land surface [94] and land use is the employment of land and its resources. 

Another important aspect is the human-centred conception of land use. For example forest 

paths and roads are the ones, which are used by humans and its machines. The paths and road 

used by animals are excluded. A different example is an elephant cemetery, which is excluded 

out of the land use type of cemeteries. Humans (fig. 2, nr. 2) and Landscape (fig. 2, nr. 1) are 

depicted in the fig. 2, which shows the outline of the optimisation concept. There is just one 

landscape and one humanity, so the appropriate fundamental concept should be the same for 

all people in all countries, whatever they are living in cities, suburbs or rural areas. Although 

the properties of landscape and local communities vary spatiotemporally, what leads to 

different spatiotemporal landscape suitability (fig. 2, nr. 5) and values, needs and goals of 

local people (fig. 2, nr. 3). 

 

Fig. 2: Outline of land use optimisation. (The landscape (1) has suitability (potential) for particular 

land use types (5). Humans (2) have their needs and goals (values included) (3), which are represented 

by the demand (4). According to demand and suitability are made decisions (6), which lead to land use 

changes and thus to new land use (7). The new land use is becoming the real state of landscape (1), 

which products should satisfy the needs and goals of humans (3)). Source: Mudron 2013. 
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Land cover and land use are intricately interconnected and they considerably interact. 

Changing land use considerably affects land cover, but in many cases land functionality may 

drastically change without any change in land cover and vice versa. Thus quantification of 

land use based on land cover information is limited [134]. 

Land use evolution originates when humans started to alter the Earth’s surface and adjust it to 

its needs (fig. 2, nr. 3) (housing, food, material, energy, relaxation, safety, perception - 

aesthetic beauty etc.). The land use evolution is a chain of systematic changes in land use. 

Every change is originating in excess or shortage of human demands and needs. People 

always attempted to attain their demands and needs, which have changed over the centuries 

and with new generations. In a specific moment the land use can be considered as optimal, 

when no changes have to be made to satisfy the needs and demands of whole society as well 

as individual persons [90]. If another type of land use had been considered as the optimal 

solution in the past, then it would be also practiced in that specific location and time. Anyway 

mistakes have been made in the history. Wasteland (e.g. Brownfield) appeared because of 

accident, politics or economic failure [150] or in consequences of surplus products, or the 

changes in the values of new generations. Every new land use change leads to new land use as 

a part of land use development. Non-material needs and values (as well personal as 

suprapersonal; fig. 2, nr. 3) have to be incorporated too and taken into consideration, because 

they are an inseparable part of human demands and needs. Demand and supply represent the 

economical part of problem as described above. Supply (fig. 2, nr. 8) has to satisfy all human 

needs and goals and it produces new demands. 

Healthy and clean environment have to be ensured to maintain the high standard of human 

life. Land use has to be managed with a regard to the next generations - protection of high 

quality natural areas, biodiversity conservation and sustainable use of natural resources. The 

irreversible changes with negative impact to the environment are the worse problem, which 

we face with regard to next generations. These changes affect as well as the natural as the 

anthropological elements together. The investigation and identification of threatening of 

natural hazards is one of the fundamental parts of land use optimization.  

Society (fig. 2, nr. 2), its needs (fig. 2, nr. 3) and values as well as the natural predispositions 

(fig. 2, nr. 5) (climatic changes, rising of ocean levels, flash floods etc.) are changing in time. 

Thus the optimal land use (fig. 2, nr. 7) may lose its optimal status without undergoing any 

land use change. Another case of changing its optimal status is taking of bad decision (fig. 2, 

nr. 6) and wrong land use management (policy and legislation). Whole society represents the 

aspect of complexity. Present land use can be considered as optimal for a group of people 

(e.g. urban planners), whereby the same land use realization cannot be considered as optimal 

for another group (environmental organizations etc.). The needs and demands (fig. 2, nr. 3) of 

the people are different and therefore it is necessary to find a balance between contending 

ones. Diversity of a complex system is the proper solution to attain all needs and demands. 

The main aim of the dissertation is the best and optimal land use with emphasis on material 

natural resources and with consideration to non-material needs of whole society and 

sustainable development. 
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The main idea is covered by the fact, that the core of the prevailing land use is already 

optimal. The attributes of this land use can be extracted by investigation of true state of 

nature. Gathering sufficient amount of data, then cutting the least repeated values “tails” can 

reveal a significant insight into the suitability of landscape (fig. 2, nr. 5) and optimisation of 

land use types. This information is valid for the time of gathered data. 

The human-centred land use optimisation is happening in steps. These steps are made by 

decisions (fig. 2, nr. 6) to maintain or change particular land use type. The decisions are based 

on knowledge of its makers. The knowledge of new law, market, policy etc. is crucial as well 

as the goals of individuals or representatives (communities, company).  

3.1 Land use optimization models 

The landscape is a complex system with many components and relations between them. By 

reason of this complexity, it is unable to comprehend the whole landscape into the 

computation. Thus there are used models instead of reality. So the aforementioned 

fundamental theoretical background has to be represented with appropriate model.  

Previous years have seen the development of land cover and land use dynamics models, 

which attempt to include environmental conditions, management practices, economic 

conditions and other human-specific considerations such as social factors [5]. It has been 

formed a number of decision models and methods of land use change and optimization such 

as linear programming, multi-objective optimization, multi-criteria evaluation and 

optimization decision systems dynamics, spatial logistic regression, landscape ecology, 

genetic algorithm, agent-based systems and cellular automata, particle swarm optimization, 

multinomial logit model, economic modelling, canonical correlation analyses, Bayesian and 

evolutionary algorithm method, biophysical and system approaches etc.  

The most used method (also in Slovakia) is MCE ([14, 63, 89, 8] etc.). This method is used 

for regional planning as well as in other study fields. Since decades it is worldwide accepted 

as a proper and well approved method. The main advantages of multicriteria models is that 

they make it possible to consider a large number of data, relations and objectives which are 

generally present in a specific real-world decision problem [13]. On the other side, decision 

“1” may be better than decision “2” according to one criterion and worse according to another 

one. Thus when different conflicting evaluation criteria are taken into consideration, a 

multicriteria problem is mathematically ill-defined [12]. The consequence is that a complete 

axiomatization of multicriteria decision theory is quite difficult [6].  In general multicriteria 

model represents the following aspects: 1, there is no solution that optimises all the criteria at 

same time and therefore the decision maker has to find compromise solutions. 2, the relations 

of preference and indifference are not enough in this approach, because when an action is 

better than another one for some criteria, it is usually worse for others, so that many pairs of 

actions remain incomparable with a respect of a dominance relation [12]. More detailed 

description of this method can be found in Beinat & Nijkamp (2007), Arrow & Raynaud 

(1986), Voogd (1983) or many other sources. Burian (2008) sees the core of spatial analyses 
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in MCE method in which a proper solution has to be found. Furthermore he specified the 

attributes of SW solution which has to incorporate interactive interface for various users, has 

to be online available, free of charge, introduce robust solution of optimisation process and 

the core of decision has to be based on MCE. This parameters and attributes were 

implemented in ARC URBAN PLANNER tool [119, 22]. It is an ArcMAP extension, which 

is made for computation of the landscape potential and optimal land use. Another SW solution 

using MCE is multi-user tool SUDSS (Spatial Understanding and Decision Support System). 

It is also based on ESRI Map Objects and it combines vector and raster data. SUDSS can be 

used for land use zoning, resource management, public administration improvement and 

development, consideration for space design [56]. The main idea was to build a public GIS 

tool for laypeople to understand the spatial consequences of proposed projects and actions 

affecting their communities [57]. LIAC (Landscape Impact Assessment Tool) introduced by 

(Klein et al. 2013) was designed to show the relation between indicators and the impacts of 

defining certain indicator values on land use. The usage of LIAC was demonstrated in rural, 

alpine case study of Andermatt, Switzerland. Instead, scenario outputs of a GIS-based land 

use model were prepared as visualizations and graphs, which were linked to the respective 

indicator value settings that were input to the respective scenario output. Criteria for the land 

use were the degree of liberalization of the agricultural market, agricultural incentives for the 

farmers, provision of residential area, farming income and the degree of implementing a 

regulation for second homes. According to authors all these criteria have an effect on 

landscape development and interact with each other. 

Another often used land use optimisation method is multinomial logit model [30, 143, 94, 76]. 

Multinomial logit models are used to model relationships between a polytomous response 

variable and a set of regressor variables. The chief advantage of MNL is that it is good 

tractable econometrically compared to other non-linear probabilistic choice models. This 

stems from the fact the extreme value distribution is very similar but slightly skewed 

compared to the normal distribution with the same mean and variance. The parameters in 

MNL are usually calibrated using the maximum likelihood estimation [142]. In (Müller and 

Munroe 2002) is assessed the effect of three policy scenarios of rural development on land 

use. The research attempts to assess the impact of policy, technology, socioeconomic, and 

geophysical conditions on land use and combines data from a village-level survey with remote 

sensing data derived from Landsat images. The objective is to analyze the influence of these 

explanatory variables on land use using a reduced form, spatially explicit MNL. An empirical 

application is presented for two districts of Dak Lak province, Vietnam [94]. Based on 

binomial and multinomial logit models of subdivision and use change (Zhou and Kockelman 

2007) identified various spatial tendencies in land use development and presented a 

perspective on Austin’s land use future. A variety of lagged explanatory variables (parcel size 

and shape, slope, transit and CBD access, distance to the nearest highway, and zoning 

policies, as well as each parcel’s “neighborhood” attributes) offer insight into land dynamics. 

Neighborhood conditions offer substantial predictive power, though such effects seem 

inconsequential beyond 2 miles [143]. MNL can output to estimation of probabilities of 

alternative land use. In (Chomitz and Gray, 1996) is developed a spatially explicit model of 
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land use which estimates probabilities of alternative land uses as a function of land 

characteristics and distance to market using a multinomial logit specification of this model. 

The authors try to resolve a hypothesis that rural roads promote economic development, but 

they also facilitate deforestation. The model is applied to data for southern Belize. In Czech 

Republic is MNL often used by the research group at CVUT in Prague (Maier, Vorel, etc.). 

Probabilistic functional land use map of municipality Tabor is the last research focusing on 

land use for discontinuous and continuous urban fabric, recreation, commercial, industrial 

units, transportation infrastructure etc. Nowadays, UrbanSim is the most known and used 

application based on MNL (some components use different approaches e.g. Real estate price 

component uses linear regression, Home based choice component uses Binary logit). It has 

been developed to support land use and transportation planning and growth management 

[137]. UrbanSim coordinates land use and transportation planning as a result of recognition of 

the strong interactions between land use and transportation, increasing pressure from national 

policies (federal transportation and environmental legislation and growing adoption of state 

growth management programs) [138]. It seeks to simulate the land-market interactions (and 

location choices) of households, firms, developers and public actors. The model system is 

implemented as a set of interacting components (e.g. Real estate price, Home based choice, 

Household Location Choice, Employment Location Choice, Workplace Choice, Real Estate 

Development, Economic Transition, Household Relocation, Demographic Transition, etc.) 

that represent the major actors and choices in the urban system, including household moving 

and residential location, business choices of employment location, and developer choices of 

locations and types of real estate development [138].  

The simulation of land use change through cellular automata models brings improved 

understanding of this complex dynamic process. A cellular automata (CA) approach can be 

useful for representing relationships between a location and its immediate environment, 

permitting rapid simulation of large-scale cell-based systems [143]. CA was originally 

developed for simulating complex systems in physics and biology. CA systems were first 

developed in the late 40’ by S. Ulam and J. von Neumann. Later at first serious research 

developed by (Wolfram, 1984) demonstrated that complex natural phenomena can be 

modelled by CA models. The first effort to employ CA for modelling urban growth refers to a 

work of (Tobler, 1970) who proposed the application of cellular space models to geographic 

modelling [41]. CA models rely on predetermined rules. There is a challenging task to 

identify suitable transition rules and their defining parameters in CA based urban modelling. 

In CA, many variables are involved and each variable is usually associated with a parameter 

that indicates its importance in simulation (Li et al., 2007). These parameters significantly 

affect the outcomes of urban simulation. It is essential to define proper parameter values when 

CA is used to simulate realistic cities. CA has to be calibrated first. Only through calibration 

model produces an urban level and urban pattern close enough to reality. In other words, the 

purpose of calibration is to establish the relationship between land use change and the factors 

that affect probability of land conversion [41]. CA models operate under a grid-cell 

environment. CA is used world-wide and was applied to predict possible future scenarios in 

Teheran [41], San Francisco and Washington / Baltimore [182], Lisbon and Porto [116], Graz 
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[9] and many other cities. SLEUTH model (of Slope, Land use, Exclusion, Urban extent, 

Transportation and Hill shade) is based on CA. SLEUTH is a model for simulating urban 

growth and other land use changes which are caused by urbanization. It uses historical 

geospatial data for calibration of its parameters. Applications have covered the major cities of 

the United States, including Detroit, Chicago, New York, Washington, San Francisco and 

Albuquerque. The model has also been applied in the Netherlands, Spain Portugal, South 

America, Africa, Oman, Australia etc. [182]. Applications have examined the likelihood of 

urban encroachment on waste disposal sites, the generation of planning scenarios for public 

decision-making, and the expansion of informal settlements. Regions covered have varied 

from a single small town to a whole multi-city urban region, and spatial resolutions varied 

from few meters to kilometres [182]. SLEUTH is being used to predict future urban growth 

by NASA. 

(Murao and Yamazaki, 2000) proposed a method of analyzing and designing a city based on 

the urban safety point of view. This method, named as MUSE (the Method of Urban Safety 

Analysis and Environmental Design), is based on the theory of The Image of the City by 

Lynch (1961). Moreover urban physical elements are defined as parts of an organic system in 

GIS. It will be able to simulate and design cities optimally according to each condition. The 

physical elements are classified into the following 10 types: imaginary walls, subject 

(physical dynamic elements - people, bicycles, cars, trams, trains etc.), 5 types of shapes 

(physical static elements – paths, edges, voids, cores, and cells), webs (systematic elements – 

common ducts, water supply, lifelines etc.), natural elements (ponds, rivers, farms etc.) Muse 

system consists of three fields, namely, Semantics, Syntactics, and Pragmatics. Semantics is 

the field in relation to the classification and the definition of spatial data. Syntactics deals with 

the relationship among the spatial data and other elements (time, location, and social 

systems). Pragmatics is the field in connection with the application of the information to the 

real social life for people [96].  

LUCIS model developed by Zwick and Carr uses the ArcGIS geoprocessing framework 

(ModelBuilder) to analyze suitability and thus preference for land-use categories, predict 

potential areas where future land use conflicts among the categories are likely to occur, and 

build future land-use scenarios [144]. LUCIS was implemented in a case study of a nine-

county region of north central Florida, where it has been applied with great success [148]. The 

strategy’s six step process includes: 

 1) developing a hierarchical set of goals and objectives that become suitability criteria 

 2) inventory of available data  

 3) determining suitabilities  

 4) combining suitabilities to represent preference  

 5) reclassifying preference into three categories (high, medium, low)  

 6) comparing areas of preference to determine the quantity and spatial distribution of 

potential land use conflict [145]. 



Mudroň I.: Land use change and optimisation regarding to natural hazards 

25 

 

Suitability is representing the objectives and goals and computed in data analysis steps. The 

assignment of suitability (utility) values for a single layer was called Single Utility 

Assignment (SUA), which falls into two basic categories (in situ analyses and proximal 

analyses). In situ analyses result in a characterization of the relative suitability of each unit 

(pixel) based on the evaluative criteria being applied (e.g. distance from CBD, aspect). 

Proximal analyses produce a characterization of the relative suitability of each pixel based on 

its proximity to amenities (e.g. proximity to roads for convenient access or its inverse that 

serves as a measure of potential quiet). To create an “in situ” SUA, each group, in their role as 

experts, defined the relative suitability of each physical feature in the layer [145]. 

Expert based optimisation is another approach. (Pouš and Hlásny, 2005) present knowledge 

based spatio-functional optimisation of urbanely unused areas by their general suitability for 

urban functions allocations. The case study was based on the synthesis of 10 decision criteria 

and ten expert judgements and it was undertaken in Banska Bystrica, Slovakia. Final rank of 

decision criteria was derived by means of expert judgements synthesis done by using two 

aggregation schemes - average values and results of Principal Component Analysis. While the 

use of average values to synthesize expert judgements might lead to biased result, mainly in 

the cases of inconsistent experts group, the Principal Component Analysis brings certain order 

into confusing data set. In this way three different tendencies in expert’s opinions were 

extracted and respective interpretations were proposed [104]. Armstrong et al. (1991) used an 

experience-based heuristic location allocation model to identify regions and service location 

within regions. 

LADSS (Land Allocation Decision Support System) is an agricultural land use planning tool. 

The LADSS fulfils the need for a tool that allows rural land managers to explore their land 

use options and the potential impacts of land use change [79]. It is a farm-scale integrated 

modelling framework in order to simulate whole-farm systems. The LADSS framework is 

structured with a core of biophysical simulation models overlaid by financial, social and 

environmental accounting modules [170]. LADSS makes predictions of suitability, 

productivity (under alternative management regimes) and profitability (under varying market 

conditions) at the individual land parcel level [108]. DSS is based on five components: GIS, 

land use modules, impact assessment modules, graphical user interface and land use planning 

tools. LADSS model focuses on two aspects. First is the use of the object-orientation 

paradigm to facilitate the integration of geospatial information. Second is the proposed use of 

genetic algorithms, a class of search and optimisation algorithm, to find optimum land use 

plans using the integrated functionality [79]. 

GEOGRACOM 5W is an expert system for strategic transport planning and represents an 

approach to strategic spatial development through transport network re-organisation. Concept 

of the Minimal Transport Standard (MTS) is used in this system [17]. Expert system contains 

a database and is built on the knowledge of several transport specialists with the application of 

decision rules [18]. The authors of system formulated a set of indices on the basis of 

ecological, economic, social and geopolitical parameters of spatial development by observing 

the experience of developed and developing countries. Main task of the system is to increase 
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the quality of life by increasing the effectiveness of transport functioning (which is the second 

priority). It outputs in recommendation to traffic network modification and the way of 

transport network development for all transport modes to achieve the strategic keys of 

regional development [18]. Transportation is one of the most important factors, which has 

great influence to creating new urban areas. Well-connected areas have better potential for 

development than areas with normal or small connectivity. That is why this model has great 

potential for use in urban planning [22]. The expert system is universal, but it has been mainly 

used for developing countries and Russia [17].  

Next optimisation approach is Particle Swarm Optimisation (PSO). In the study of (Ma et al. 

2011) is introduced a land-use space optimization model based on particle swarm 

evolutionary algorithm. According to authors the results showed that this model can analyze 

data of multidimensional discrete decision-space with good space search features and high 

accuracy in parallel. Furthermore it can implement the quantity structure of land in a specific 

geographical space effectively and realize the optimization of regional land-use. PSO is a kind 

of evolutionary algorithms, derived from the research on the predation behaviour of bird 

flock. Particle swarm algorithm requires randomly distributed points (particles) in solution 

space. Particles update their position and velocity through optimal value of the history and the 

global optimal value. All the particles are controlled by inertia weight to search for the 

optimal solution constantly. When PSO is taken into land-use spatial optimization, each land-

use map spot is abstracted to a particle by its centre of gravity and each particle has its own 

species (category or type of land use) and location in space. The particles of the same species 

constitute the subsystem of particle swarm system and all the particles make up the particle 

swarm system. Each kind of particles searches their optimal values in solution space through 

the information sharing of inter-specific and intra-specific. Particles constantly fly to adjust 

their position as to the optimal value of history and the current global optimum values, which 

are determined by the fitness function. Fitness function is an important parameter for particles 

to update their positions, and it reflects as well as the factors that impact the spatial 

optimization as the information shared between the particles. Otherwise particles would fall 

into a dilemma of single-objective optimization. All the particles work together till meet the 

iterative requirements, and then the position vector of particle is just the optimization result. 

[75]. (Masoomi et al., 2012) used Multi-Objective PSO algorithm to find the optimum 

arrangement of urban land uses in parcel level, considering multiple objectives and constraints 

simultaneously in Teheran, Iran. Evolutionary routing algorithms were also used and 

combined with GIS in decision support system by Mendoza et al. (2009). 

California Urban Futures model (CUF I) allocates new urban development according to real 

estate profitability, and is the first to use GIS to simulate large-scale metropolitan areas [66]. 

With the advancement of discrete choice theory was established CUF II. Other rule-based 

models are What if? [62] and Uplan [59]. “What if?” and Uplan models rely on the concept of 

balancing supply and demand (equilibrium models). “What if?” is a scenario-based, policy-

oriented planning support system that uses increasingly available data to support community-

based processes of collaborative planning and collective making of decision. It incorporates 

procedures for conducting land suitability analysis, projecting future land-use demands, and 
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allocating the projected demands to the most suitable locations. The system allows users 

easily to create alternative development scenarios and determine the likely impacts of 

alternative public-policy choices on future land-use patterns and associated population and 

employment trends [62]. The role of land in economic theory was surveyed in (Hubacek and 

van den Bergh, 2002) both from a conceptual and historical perspective. 

Studies of land use changes and employment of land have a long history in economic theory. 

Strictly speaking, land use studies are the origin of economic science [49]. However, the 

perception of landscape in mainstream economics changed from the only source of traditional 

production to just another primary factor [53]. For economic models on the global scale, land 

is not in the focus of interest, but was introduced mainly in order to facilitate an assessment of 

environmental problems such as global warming. Economic modelling concepts and strategies 

try to introduce land and land-use dynamics [49]. Economic approaches deal with the optimal 

allocation of resources under the assumption that profit or abstract properties such as welfare 

are maximized. The same focus applies to the land-use sectors. Market structures are analyzed 

to understand land-use decisions [49]. The international Food and Agricultural Policy 

Simulation Model (IFPSIM) was used for predicting crop demands and crop market prices 

that change under alternative policy scenarios. In the model was examined land use and 

suitability and decisions are made according to price information. Supply results from the 

land use and yield distribution of the previous time-step [120]. In this model crop yields are 

simulated by a global version of the EPIC model. Other economy based models are GTAPEM 

(GTA and PEM models) (Hsin et al., 2004), WATSIM (Kuhn, 2003), IMPACT (Rosegrant et 

al., 2012), EUFASOM (Schneider et al., 2008), Global timber market model (Sohngen et al., 

1999), AgLU (Sands and Leimbach, 2003) etc. EUFASOM is designed to emulate the full 

impacts of European land use on agricultural and forest markets and on environmental 

qualities related to land use. The model contains several key components: natural and human 

resource endowments, agricultural and forest production factor markets, primary and 

processed commodity markets, agricultural and forest technologies, and agricultural policies 

[113]. The IMPACT model is designed to examine alternative futures for global food supply, 

demand, trade, prices, and food security [110]. WATSIM is a recursive-dynamic, empirical, 

spatial world trade model for agricultural commodities. It studies the influence of trade policy 

on agricultural sector. Policies covered are ad-valorem and specific tariffs, tariff rate quotas, 

safeguards, export subsidies, and production quotas [64]. AgLU model was developed to 

simulate global land-use change and the resulting carbon emissions in response to a carbon 

policy [112]. Global timber market model assess the impact of set-aside policies and future 

timber demand on as well as forest structure and area as timber markets and supply [118]. The 

base version of GTAP represents land allocation in a nested constant elasticity of 

transformation structure. PEM distinguishes different types of land which allows detailed 

representation of land-based policies [146]. A forest stand simulator called GAYA was used 

for projecting forest stand development as a part of spatial decision support system for long-

term forest management planning [97]. There are many others economic theories and 

approaches besides Dynamic Market Equilibrium, e.g. Bid Rent theory, Hedonic Price theory 
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etc. Most of the theories, methods and approaches (not only economic ones) are joined, mixed 

and integrated, so it is difficult to class them.  

LUIM (The Land Use Impact Model) is used to rate and map the risks to soil, land, water, and 

vegetation under different land uses and practices. It can be used to rate the present risks of 

current land use. It can also be used to evaluate scenarios of changed land use and practices 

[194]. This model makes use of risk assessment in land use planning. 

There are also many tools, which are helpful in land use planning and decision making. These 

CAD and GIS software (e.g. ArcGIS, GRASS, SAGA GIS, MicroStation, AutoCAD, 

Geomedia) manage a large number of analytical tools suitable for urban planning. Probably 

each GIS software with sufficient quantity and quality of tools can be used as a tool for land 

use planning [22]. 

Last but not least I want to mention empirical–statistical models, because this is the core of 

my model’s assessment of land use suitability. Although introduced approach is based on 

different statistical approach (by other authors mainly used linear regression) and integrates 

ideas and steps of other (aforementioned in this chapter) methods and approaches, it can be 

listed under empirical-statistical models. Empirical–statistical models locate land use changes 

by applying multivariate regression techniques to relate historical land use changes to spatial 

characteristics and other potential drivers [65]. In contrast, rule or process-based models 

imitate processes and often address the interaction of components forming a system. The 

CLUE simulates land use conversion and change in space and time as a result of interacting 

biophysical and human drivers. Within CLUE regional land use changes only if biophysical 

and human demands cannot be met by existing land use [131]. CLUE model framework 

(Veldkamp and Fresco, 1996) is based on assumption that observed spatial relations between 

land use types and potential explanatory factors represent currently active processes and 

remain valid in the future. Statistical analysis is supplemented by a set of transition rules, 

which additionally control the competition between land-use types. Land-use changes are 

driven by demands [131]. 

With the implementation of GIS, a new important communication tool is offered which 

allowed to present various map layers on a computer screen and could partially replace hard 

copies of maps for examination [72] and decision making. A next step takes into account 

functions and services or the related policy configurations and connects them with related 

land use patterns. To reveal these relationships can facilitate a better integration of 

participating stakeholders also in a planning process [46]. Every one of aforementioned 

models (all of them were used and tested in various case studies.) has some advantages and 

drawbacks. It has been tried to incorporate the positives and advantages in some way into the 

optimization approach according to results and conclusions. Some of them were incorporated 

in computation of suitability, next followed goals of sustainable development, another 

limitation of natural hazards or other threats. For example, optimisation uses both spot (pixel) 

and parcel-level approach. First the suitability has to be computed for each pixel according to 

its resolution and later is taken parcel-level decision.  
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3.2 Land use categories 

Influence of drivers on land use changes are depending on the characteristic landscape, scale, 

methodology and purpose of the study [65]. Land use types (categories) as well as land use 

drivers differ and rely on author’s insight into the problematic, goals and methods used in the 

research. Land use suitability and changes are investigated, evaluated or proposed by separate 

models for particular land use types (recreational, agricultural land use etc.) or together output 

in one (e.g. comprehensive plan of municipality). Crucial is also the size and location of the 

study area. In the next lines are shortlisted some of the many classification.  

Separate binomial logit models for residential, industrial or commercial, and recreational land 

uses (Verburg et al., 2004) explored the determinants of land use change using grid-cell maps 

of the Netherlands. The scope here is to explore determinants of particular land use types in 

national level. 

A simple land use classification system of productive, protective, compromise and urban / 

industrial areas was derived from E. Odum’s Compartment Model to organize land use 

suitability and compare land use preferences. Productive areas are the ones where succession 

is continually retarded by human controls to maintain high levels of productivity. Protective 

(natural) areas are the ones where succession is allowed or encouraged to proceed into the 

mature. Compromise areas are the ones where some combination of the first two stages exists. 

Urban / industrial are biologically non-vital areas [98]. 

Australian Land Use and Management (ALUM) classification consists of 6 main categories, 

each further divided into 2 extra items. They are Conservation and natural environments, 

Production from relatively natural environment, Production from dry-land agriculture and 

plantation, Production from irrigated agriculture and plantation, Intensive uses and Water. 

Here is notable the influence of agriculture.  

Another goal is to sort land parcels for selling. Vantage land, the leading U.K. land agent 

recognizes following land use types for sale: Agricultural land use (denotes land suitable for 

agricultural production, both crops and livestock), Grazing land use (or pasture land, the most 

common type of land for sale - can be either lush grassland or arable land that has been 

seeded; pasture land is typically used for grazing livestock, but it's location, access and size 

can increase its potential for other uses), Paddocks use (small acreages usually of grazing 

land), Recreational land use (used for a wide range of activities, including quad biking, off-

roading, archery or for a simple gathering of family and friends, recreational land can also be 

that with fishing, shooting or sporting rights.), Smallholding use ( a piece of land between 1-

50 acres that is used for the cultivation or growing of vegetables or the breeding of farm 

animals, i.e. a small farm. Smallholdings don't have to include buildings / barns, but it is the 

general perception that they do so), Woodland use (woodland for various use - timber wide 

range of outdoor activities including paint balling, archery, tree climbing and cycling), 

Strategic use (arable or pasture land that can be used for any of the land uses, land usually 
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doesn't have planning permission, is typically close to dense existing development, in areas of 

housing need with an existing infrastructure) [171]. 

LUCIS future land use allocation classifications (Zwick and Carr, 2007) uses three land use 

classes for: Agriculture, Conservation and Urban. 

The simulation of land use change through cellular automata in (Foroutan and Delavar, 2012) 

classified land use into 5 types: Barren (unused land use), Urban (build up areas), Vegetation 

(green areas), River (water bodies) and Streets (land use for transportation). 

Urban Planner (Burian, 2008) distinguishes 5 types (categories) of land use change proposals 

according to its suitability: change to land use for housing, civic amenities, commercial 

infrastructure, industry and sport and recreation. It recognizes 20 categories of contemporary 

land use / land cover (housing, industry, forests, water bodies, city centre, communications, 

airport, grassland and arable land, orchards and gardens etc.) that are permitted or restricted to 

changes into aforementioned categories. In the second version of tool is industry furthermore 

divided into light and heavy and land use for agriculture is included. 

United States Department of Agriculture categorizes 5 major uses of land in the contiguous 48 

States. They are Cropland, Grassland pasture and range, Forest-use land, Special uses and 

Miscellaneous other land. Cropland is subdivided into further three subcategories (Cropland 

used for crops, Cropland idled, Cropland used for pasture), Forest-use land into two 

subcategories (Forestland grazed, forestland) and Special uses into 5 subcategories (Urban 

land, Transportation, Recreation and wildlife areas, National defence areas, Miscellaneous 

farmland use). This classification is set for a large area of U.S. and department of agriculture. 

Cropland pasture generally is considered to be in long-term crop rotation. Partial cropland 

pastures may be marginal for crop uses and may remain in pasture indefinitely. Cropland 

idled includes cropland set aside under governmental policies (Federal crop programs) and it 

includes land not cropped for other reasons. These may also include soil-improvement cover 

crops to conserve soil, or cropland for which no economically viable crop could be found 

during the current growing season. Cropland used for crops is further divided into three parts: 

cropland harvested (row crops and closely sown crops, hay and silage crops, small fruits trees, 

fruits, berries, and tree nuts, vegetables and melons etc.), crop failure (because of insects, 

weather conditions, diseases etc.), and cultivated summer fallow (cropland cultivated for one 

or more seasons to control weeds and accumulate moisture before plantation). Forest-use land 

excludes special-use areas in forest cover, such as parks, wilderness, and wildlife areas, to 

avoid double counting. Forested pasture and range consist mainly of forest, brush pasture, arid 

woodlands, and other areas within forested areas that have grass or other forage growth. 

Forest land not grazed is for timber production and is including land that formerly had tree 

cover and that will be naturally or artificially regenerated. Grassland pasture and range 

comprise all open land used primarily for pasture and grazing, including shrub and brush land 

types of pasture, grazing land with scattered trees and bushes, all tame and native grasses, 

legumes, and other forage used for pasture or grazing. Special-use areas include five broad 

subcategories: urban area, transportation, recreation and wildlife areas, national defence areas, 
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and miscellaneous farm uses. Transportation includes rural highways, roads, and railroads 

rights-of-ways and airports. Recreation and wildlife areas include Federal and State parks, 

wilderness areas, and wildlife refuges. National defence areas include military bases and 

installations and defence related industrial areas. Miscellaneous farm uses include farmsteads 

and farm roads and lanes [99]. Urban area (Census) is technically defined by the Bureau of 

the Census and consists of cities, towns, and Census designated places of 2500 or more 

inhabitants, including urbanized areas with populations of 50000 or more (central cities) and 

their urban fringe [128]. Included in this definition are residential areas and concentrations of 

non-residential urban area such as commercial, industrial, and institutional land, airports, 

urban parks and recreational areas, office areas, urban streets and roads and other land within 

urban defined areas. Miscellaneous other land Includes miscellaneous special uses such as 

industrial and commercial sites in rural areas, cemeteries, rural golf courses, mining areas, 

quarries, marshes, swamps, sand dunes, bare rocks, deserts, tundra, rural residential, and other 

unclassified land [99]. 

On the other side (Zhou and Kockelman, 2007) classified parcels in urban area according to 

15 distinct land use categories (Large Lot Single-family, Single-family, Mobile homes, Multi-

family, Commercial, Office, Industrial, Civic, Mining, Open Space, Utilities, Undeveloped / 

Rural, Water, Transportation, Unknown - land use). For ease of modelling and interpretation, 

these 15 were grouped into 9 types: Residential, Commercial, Office, Industrial, Civic, Other, 

Undeveloped, Water, and Transportation. Here is evident the difference in categorizing land 

use because of difference of goals and involved area (single urban area in U.S. versus 48 

contiguous states of U.S.). 

Remote sensing techniques are used to monitor land cover and land cover changes (also many 

times possible to derive land use changes and land use without further terrain research). The 

main advantage of this method is fast gathering of enormous amount of data and of course the 

“bird view”. Using remote sensing techniques to develop land use classification mapping is a 

useful but tricky way. The reason of it is a fact that same land cover types (for example forest) 

can be variously employed by humans (timber, recreation, sport etc.). Anyway, remote 

sensing is an important resource of data in land use mapping and optimisation. In Europe 

(also in Slovakia and Czech Republic) the most important and used land cover classification 

is the one based on CORINE Land Cover programme (CLC) [154]. The CLC legend consists 

of 5 categories of land cover on first level (Water bodies, Wetlands, Forest and semi natural 

areas, agricultural areas and artificial surfaces), which are subdivided into 15 categories on 

second level and 44 categories on third level [155]. This classification and data source were 

the basis of study and map “Prírodná krajina a krajinná pokrývka Slovenska” (Landscape and 

land cover of Slovak Republic), in which the state of land use according to 1990 land cover 

[101]. Aerial images were used also in larger scales, e.g. (Feranec and Oťaheľ, 1987) used 

multispectral aerial images to reproduce land use of cadastral unit Cejkov in a form of map.  
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3.3 Sustainable development 

The question of sustainability affects all areas of human activities. The fundamental challenge 

of sustainability goes far beyond that of environmentalism [31]. Sustainability is the long-

term achievement and maintenance of well-being, which has ecological, economic, cultural 

and politic dimensions. Understanding sustainability is a complex task. Sustainability requires 

the reconciliation of three (four) pillars of sustainability; reconciliation of social equity, 

environmental, economic and cultural demands [76]. Interpretation and goals of sustainable 

development are described in Chapter 1 or (Godschalk, 2004). 

The holistic and inclusive view sees sustainable development as an overreaching set of 

integrative principles that involves energy and urban management, environmental ecosystems, 

economic development, social equity, policy integration [109]. Major underlying cause of 

sustainable development is the population growth [109]. Numbers of people have increased 

steadily since the late 17
th

 century, 1987 exceeding 5 milliards [31] and now 2013 exceeding 

7 milliards. The Earth’s population growth is connected with urban sprawl, urban 

development, increased energy consumption, usage of natural resources etc. 

The sustainable development is understood and defined as the ability of physical development 

and environmental impacts to sustain long term habitation on the planet Earth by human and 

other indigenous species while providing: first an opportunity for environmentally safe, 

ecologically appropriate physical development; secondly efficient use of natural resources; 

next a framework which allows improvement of the human condition and equal opportunity 

for current and future generations; and last but not least manageable urban growth [109]. The 

fact that most of the environmental issues are seen as international problems rather than local 

is significant problem. The results of important summits (Montreal 1987, Rio de Janeiro 1992, 

Kyoto 1997, Johannesburg 2002) have been ratified at international global level, but there is a 

need to solve the problems in local scale. Only then the Earth can be a lovely place to live for 

the future generation of people and remaining living things. Rich biodiversity has to be 

maintained helping the organism, which cannot adjust rapid changes by competition, adoption 

and evolution. 

However, the sustainability involves the whole planet as a system. In mathematical model of 

system dynamics, the central problem of sustainability can be stated concisely in terms of 

very complex system that constitutes the planet, which contains a number of interacting 

complex subsystems such as biological, ecological, social and economic systems etc. This 

system can be represented at any time as a point in high dimensional phase space whose axes 

are the control variables and whose coordinates are their current values. Technically, every 

independent control variable is defined as an axe in phase space. The state of system is 

entirely represented by the point in phase space at which the system resides, as is its full 

history and future. For certain of these control variable axes there is just a small subset of 

values that human can tolerate. More precisely, there is a region in which the entire range of 

systems on which humans are depended can survive. In general, as the boundaries of this 

region are approached, human existence will become more difficult and dangerous, less 
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comfortable, as humans and systems on which they depend come under increasing stress and 

approach major transitions. If, in the course of time, the planet system moves to a point in 

phase space where outwith the tolerable limit for one or more of the systems on which 

humans depend then the human species will not survive. Human survival depends on the 

system remaining within the range of tolerable limits. This region in phase space defines 

sustainability [31]. Thus sustainability is a global phenomenon. 

Sustainability for the whole planet can be maintained only through solving problems in local 

scale. The most important land use changes in the environment are the irreversible ones. 

Some land use types can easily turn into another employment of land. On the other side, 

irreversible ones exclude potential future development or change into another desired (or 

many others) type of land use. Thus preservation of agricultural land is of great concern 

because cropland converted to urban uses is largely irreversible. Once converted to an urban 

use, land seldom shifts back to an agricultural use. It is important to know how much cropland 

is being lost to urban uses and how much of the loss is replaced from other major land uses 

[99]. 

The Millennium project identified fifteen global issues that will dominate the future. The 

foremost issue was achieving sustainable development [43]. Nowadays, sustainability is more 

a symbol than a specific concept; it is a focus for a new value about the shape of the future. It 

is a signpost pointing to a general direction we must take, while the debate is engaged about 

the best path to lead us forward [38]. 

3.4 Natural hazards 

A widely accepted definition of natural hazard characterizes it as elements of the physical 

environment, harmful to human being and caused by forces extraneous to him [24]. Another 

one defines natural hazard as a natural process that poses a threat to human life and property. 

The potential impact of a natural disaster is related not only to the size of the event but also to 

its effect on the public [54]. When natural hazard events take place in unpopulated areas, no 

disaster happens. When they take place in developed areas, damaging life and property, they 

are called natural disasters. Natural disasters have grown larger as more property and people 

became more exposed to natural hazards. The problem is that often places where natural 

hazards occur are the same places where people are willing to live [45] or have to work. 

Humans settled hazardous areas because they often offer benefits (e.g. ash from volcanoes 

produces rich soils; floodplains provide fertile or easily cultivated agricultural land close to a 

water supply). Humans living in these environments are forced to predict and so avoid natural 

hazards [54]. Natural hazards appeared on Earth’s surface long time ago. It appeared before 

the first human ancestors crossed Earth’s surface. It is (and will also be) a usual occurrence in 

nature. The effort of mankind is to minimize the effects and negative consequences of natural 

hazards. The concept of natural hazard mitigation includes: 1) Strengthening buildings and 

structures exposed to hazards; 2) Avoiding hazard areas by directing new development; 3) 

Maintaining protective features of the natural environment helping to protect exposed people 
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and property [45]; 4) Building artificial protective features (e.g. avalanche or flooding 

protection barriers) to protect exposed people and property. 

Natural hazards can be categorized as episodic (also periodic; large magnitude events that 

occurred over a short time – flash floods, earthquake, tsunami) or chronic (the cause can be 

caused by global warming or human impact – soil degradation, desertification, melting of 

permafrost) [54], (Hyndman, 2012) furthermore divided natural hazards in 13 categories: 

Earthquakes; Tsunami; Volcanoes; Waves and coastal erosion; Hurricanes; Wildfires; 

Asteroid and comet impacts; Landslides and other slope down-slope movements; Sinkholes, 

land subsidence and swelling soils; Climate change; Weather, thunderstorms and tornadoes; 

Stream and flood processes; Plate tectonics and physical hazard. Another classification is 

according to initial natural process. Natural hazards are climatic or geologic hazards. Climatic 

hazards are Large scale storms (cyclones, blizzards, freezing rain etc.), Localized storms 

(thunderstorms, lightning and hail, tornadoes etc.), Drought, Flooding (high-magnitude 

regional floods, flash floods), Fires in nature and Oceanic hazards (waves, sea-ice, sea-rise, 

beach erosion). Geologic hazards are Earthquakes and tsunami, Volcanoes, Land instability 

(subsidence, soil mechanics) [20]. The WHO recognizes 5 disaster subgroups: Geophysical, 

Meteorological, Hydrological, Climatological and Biological [136].  

One of the ways how to rank the natural hazards is the ranking according to their impact on 

humans and property. The statistic summaries can refer to whole world, continent, country or 

single region. The statistics can be summarised for all occurrences of one type of hazard or for 

single events. The spatial dimension is very important because of the various prevailing short- 

and long-term conditions in different parts of world. Tab. 1 and 2 shows global statistics. 

Tab. 1: Ten deadliest worldwide events (1980-2012). Source Munich RE 

Event  Period Affected area Overall loss Fatalities 

Earthquake 12.1.2010 Haiti 8000 (10
6
 USD) 222570 

Earthquake, tsunami 26.12.2004 south-east Asia 11200 220000 

Storm surge, Cyclone 2-5.5.2008 south-east Asia 4000 140000 

Storm surge, Cyclone 29-30.4.1991 Bangladesh 3000 139000 

Earthquake 8.10.2005 Pakistan, Afghanistan, India 5200 88000 

Earthquake 12.5.2008 Central China 85000 84000 

Drought, Heat Wave VII-VIII.2003 Russia: European part 13800 70000 

Heat Wave VII-IX.2010 Europe 400 56000 

Earthquake 20.6.1990 Iran 7100 40000 

Earthquake 26.12.2003 Iran 500 26200 

However, the most frequent natural hazards are floods (worldwide except Africa - epidemics 

and Oceania - windstorms). Also the two deadliest ever recorded events were 1931 and 1887 

China floods (death toll estimate varies between 1 to 4 million respectively 900 000 – 2 

million people). The deadliest avalanche was the 1970 Hauscaran in Peru which caused 
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around 20 000 deaths. In Europe; 265 people were killed by snow avalanches during 1951 

“winter of terror” in Switzerland and Austria. In 1972 Iran blizzard died 4000 people, second 

most in 1719 “Carolean Death March” blizzard in Sweden. 1556 Shaanxi and 1976 Tangshan 

China earthquakes were the deadliest (830 000 respectively around 700 000). European and 

Russian heat waves were the worse according to human losses (see tab. 1). Deadliest 

recorded lightning strikes were 1856 Rhodes (Greece, cca. 4000) and 1769 Brescia lightning 

(Italy, cca. 3000). Deadliest Peshtigo wildfire (Wisconsin, U.S.A.) killed 1200-2500 in 1871. 

But more important are the overall and regional statistics. 

Tab. 2: Ten costliest events worldwide ordered by overall losses (1980-2012). Source Munich RE 

Event  Period Affected area Overall loss Fatalities 

Earthquake, tsunami 11.3.2011 Japan 210000 (10
6
 USD) 15840 

Storm surge, Hurricane 25-30.8.2005 U.S.A. 125000 1322 

Earthquake 17.1.1995 Japan 100000 6430 

Earthquake 12.5.2008 China 85000 84000 

Storm surge, Hurricane 24-31.10.2012 
North America, 

Caribbean 
65000 210 

Earthquake 17.1.1994 U.S.A. 44000 61 

Flood 1.8-15.11.2011 Thailand 43000 813 

Storm surge, Hurricane 6-14.9.2008 Carribean, U.S.A. 38000 170 

Flood V.-IX.1998 China  30700 4159 

Earthquake, tsunami 27.2.2010 Chile 30000 520 

The chosen investigation of environmental hazard depends on location of study area. For 

example Turkey and Japan are prone to earthquakes, Spain to heat waves and drought, alpine 

areas of Swiss and Austria to avalanches etc. This knowledge significantly affected the 

selection of case studies. Three most significant natural hazards (floods, erosion and snow 

avalanches) in Czech and Slovak Republic region have been chosen and investigated in the 

case studies. Assessments of soil erosion, avalanches and flooding are related with material 

and human losses and affect land use in a significant way. Between the years 1998 and 2004, 

Europe suffered over 100 major damaging floods, including the catastrophic floods along the 

Danube and Elbe rivers in 2002. Since 1998 floods in Europe have caused some 700 deaths, 

the displacement of about half a million people and at least €25 billion in insured economic 

losses [157]. The 2002 flood was resulting in the largest overall losses of natural hazard in 

Europe (€20 billion) [175]. Flood is generally defined by (FEMA, 2012) as “A general and 

temporary condition of partial or complete inundation of normally dry land areas from (1) the 

overflow of inland or tidal waters, (2) the unusual and rapid accumulation or runoff of surface 

waters from any source, or (3) mudflows or the sudden collapse of shoreline land”. Soil 

erosion is the wearing away of the land surface by physical forces such as rainfall, flowing 

water, wind, ice, temperature change, gravity or other natural or anthropogenic agents that 

abrade, detach and remove soil or geological material from one point on the earth's surface to 
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be deposited elsewhere. By removing the most fertile topsoil, erosion reduces soil 

productivity and, where soils are shallow, may lead to an irreversible loss of natural farmland. 

Soil erosion can be driven by both natural and anthropogenic causes [129]. Water is the most 

important agent of erosion in the middle-European region. Agricultural land covers almost 

2 500 10
6
 hectares (arable land almost 1 500 10

6
 hectares) in Slovakia and over 3 500 10

6
 

hectares (over 2 500 10
6 

arable land) in Czech Republic. Thus the investigation of water 

erosion is reasoned. The mountain areas of Slovakia (Velka Fatra, Mala Fatra, Nizke and 

Vysoke Tatry) and Czech Republic (Hruby Jesenik, Beskydy) are affected by avalanches. 

Every year are dying people in mountains of Slovak Republic. Last deadly occasions (2 

respectively 1 person) was on 26 respectively 22 March 2013 [172]. Hazard mapping is a 

well-known and widely applied methodology in avalanche hazard assessment and 

management. Hazard maps are used for land-use planning in hazardous mountain areas [81]. 

Avalanche is a natural occurrence in steep, mountainous, snow-covered terrain. It is defined 

as a fall or slide of a large mass, as of snow or rock, down a mountainside. It has been 

investigated, because of increased human losses over the previous years in Slovakia and 

Czech Republic. 

People do not usually reside in hazardous areas knowingly – they generally do not understand 

or recognize the hazard [54] and so the risk they are exposed. Many times they may not 

recognize the imminent catastrophe and the great disaster, because of its infrequent nature. 

The catastrophe of century is long forgotten and people build their homes or concentrate 

activities in hazardous areas, where the next catastrophe is only a matter of time (Fukušima 

catastrophe). This makes the natural hazard study and assessment an inevitable part in 

landscape and land use planning. 

3.5 Landscape (spatial) planning 

Today public participation is broadly accepted as a paradigm in support of sustainable spatial 

planning as well as urban planning. Due to specific circumstances found in cities, urban 

planning relies on collaboration between various groups. This encompasses people in 

authorities, planners, and the general public [58]. Advantages refer to give consideration to 

the multifaceted and oppositional demands made by a growing and highly-divers city 

population, to become aware of existing conflicts, and to make better-informed and well-

grounded decisions [50]. Spatial planning is an integration of social, technical, cultural, 

environmental, economic and aesthetic approaches to the environment. Landscape planning is 

a spatial planning that emphasizes the landscape ecological and also socio-economical 

approaches to landscape together with overall cultivation of the space [111]. The governments 

press by law selected municipalities and self-governments to issue documents managing 

spatial development or land use planning of their area respectively of a region within their 

own jurisdiction. Land use policies also play an important role in shaping land use patterns. 

Zoning decisions facilitate the development of some uses while impeding others [143]. 

Landscape planning does not exclude any important human activity for society development, 

but searches the balance between the ecological conditions and particular human activity [63]. 

Local planning policies (local plans) have to be consistent with regional and national policies. 
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They should reduce expenses as much as possible. It is good when they reduce unimportant 

facts too and so being not overly complex. Terminology, scale of area and content is not 

unified and differs from country to country. They are known as comprehensive plans, general 

land use, city, municipality or development plans, regional plans, urban plans etc. Main 

purpose of these documents is the proposal of optimal spatial organization and functional use 

of the landscape to accomplish needs and demands of the society. This desired result is 

supported through legislation, statutory and municipal ordinance too. Very important 

breakthrough was the use of computer, mainly the use of tools that support spatial planning. 

(Burian and Ferklova, 2011) surveyed how spatial plans are created from a technical point of 

view in Czech Republic. The comparison of CAD (AutoCAD, MicroStation) and GIS tools 

(ArcView, ArcGIS, MapInfo) is made from the view of geoinformatics, landscape planners 

and architects. The CAD provides better environment and tools for editing geometry, on the 

other hand the GIS makes advantage of labelling the features and topology. 

According to law in Czech Republic (no. 183/2006 collection of law) is making of master 

plan not mandatory. However, many municipalities possess landscape and regional planning 

tools: Development principles of community, Master plan of community, Zoning or 

Regulatory plans and Master plans of community districts (if larger community), 

Territorially-analytical materials. According to Slovak law (no. 50/1976, §11) every 

municipality with more than 2000 inhabitants has to create its own municipal plan of whole 

cadastral unit. In general, plan is valid for a time period of 10 years. 

Outputs and proposed changes of studies have to be harmonized with landscape plans and 

regulations on various administration levels and scales to maintain high quality and proper 

optimization. For example in the case study of Cebovsky Potok upper river-basin 

optimisation; the study area is a subject to Red Octopus on supranational level (Europe), 

Slovak Spatial Development Perspective (KURS), territorial system of ecological stability 

(USES), Collection of Law of Slovak Republic (e.g. nr. 199/2008, 543/2002, 184/2002, 

461/2011, 528/2002, 50/1976) on national level, territorial plan of self-governing unit (ÚPN 

VÚC Banská Bystrica) on regional level, municipal plan of cadastral community Cebovce 

(UPO Cebovce) on local level.  

The result of landscape planning is delineation and assessment of landscape for human 

activities. There are many ways how to express the results. It can be delineated as a zone or 

area, quantified as a number, sorted into intervals or categories, maps of zones or proposed 

development etc. Evaluation of suitability categories according to ranking - 1 = lowest 

suitability 2 = very low suitability 3 = low suitability 4 = moderately low suitability 5 = 

moderate suitability 6 = moderately high suitability 7 = high suitability 8 = very high 

suitability 9 = highest suitability [77]. In (Burian, 2008) were used intervals to bind sets - 

excluded areas 0%, unsuitable land use 0-30%, low suitability 30-50%, average suitability 50-

70%, high suitability 70-85%, very suitable 85-100%. The landscape potential expressed 

(Oťaheľ and Poláčik 1987) in 6 categories (extremely low, very low, low, moderately high, 

high and very high potential). There are numerous classifications and ways of expression the 

results. The best is a map with clear legend and belonging text. 
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3.6 Legislation 

Landscapes are protected by a wide range of mechanisms including statutory and non-

statutory designations, international conventions, and national planning policies. All 

nationally important landscapes tend to be protected through legislation. These mechanisms 

also depend on governmental and nation’s perception and values seen in the landscape. In 

Czech Republic most fundamental act is law nr. 183/2006, called Law about landscape 

planning and building code or Building Act. It contains principles of sustainable development. 

In Slovakia is its equivalent the act nr. 50/1976 (amended in 2013).  

Regulations through legislative have an extended importance over a longer period. It has to 

benefit (or preserve) chosen regions or localities over other ones due to the long term strategic 

goals of space development. For example, in most cases it is cheaper and faster to build 

suitable housing units or industrial parks on greenfields than on brownfields. Redevelopment 

of brownfields meets many problems mainly concerning potential environmental 

contamination, rehabilitation cost, destructions of old structures and clean up of the sites. On 

the other side, there are many benefits of brownfield redevelopment, such as decreasing urban 

sprawl, reducing environmental contamination and pollution, utilization of existing 

infrastructure, maintaining the integrity of the area, increasing the livability [150]. These 

advantages are fully in the frame of sustainable development. Widespread political support, 

legislative regulation, financial incentives, and risk-management techniques have been created 

in urban settings to help facilitate the redevelopment of brownfield sites or in broader terms to 

favour selected localities and regions. Policy makers and planners in North America and 

Europe have been paying significantly more attention to measures designed to foster 

sustainable development and improve the quality of life [34]. 

Legislations are interconnected with life experience from previous to present generations and 

vice versa. Legislative mirrors the contemporary problems. It is necessary to regulate the 

urban sprawl, preserve valuable localities etc. and all it, as a whole, has to fit the frame of 

sustainable development. Land use regulation through Czech legislation is summarized in tab. 

3. (Burian, 2012) lists following regulation acts that limit land use or some human activities in 

Czech Republic:  

1. Collection of Laws No. 183/2006, the Landscape Planning and Building Code; 

2. Collection of Laws No. 254/2001, Water Law; 

3. Collection of Laws No. 114/1992, Nature and Landscape Code; 

4. Collection of Laws No. 44/1988, Code of the Protection and Utilization of Mineral 

Resources; 

5. Collection of Laws No. 334/1992, Agriculture law for protection of land reserves; 

6. Collection of Laws No. 289/1995, Forest law; 

7. Collection of Laws No. 13/1997, Land communication law; 

8. Collection of Laws No. 266/1994, Railways law; 

9. Collection of Laws No. 49/97, Civil Aviation law. 
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Tab. 3: Landscape regulation through legislation in Czech Republic. Source: Maier 2012 

Act Subject to law Regulation (limitation) of land use 

195/1991 Landscape and nature UNESCO biosphere reservation  

114/1992 Landscape and nature Natural protected areas and features 

114/1992 Landscape and nature USES (territorial system of ecological stability) 

254/2001 Water 
Water sources and its buffer-zones, Water accumulation 

zones, important water streams and surfaces 

334/1992 Soil fund Land reserves and its protection, includes also fishponds 

289/1995 Forest Forest and forest soils, forest protected areas  

44/1988 Geology and earth crust Mineral resources and deposits, protected areas 

164/2001 Natural healing resources Healing springs, spa, mineral water resources, buffer zones 

254/2001 Flood protection Inundation areas, active zones, polders 

159/1991 

Cultural, archaeological, 

and historical heritage 

Cultural heritage UNESCO 

Archeological sites and monuments, anthropologic 

reserves, protected historic zones 

Building Act 

20/1987 

183/2006 

380/2002 Safety of society 
Objects of civil protection – permanent and emergency 

shelters 

222/1999 Safety of society Strategic defence objects, military objects, buffer zones 

4 Outline of the land use optimisation method 

The aforementioned fundamental theoretical background (Fig. 1, Chapter 3) had to be 

represented with appropriate model. Previous years have seen the development of land cover 

and land use dynamics model, which attempted to include environmental conditions, 

management practices, economic conditions and other human-specific considerations such as 

social factors [3]. 

  

Fig. 3: Two steps of land use optimisation approach. 

Although many models have been listed, I decided to use my own approach for land use 

optimisation. It can be classified as empirical–statistical model, because of empirical-
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statistical methods, which were the core of my model’s assessment of land use suitability. The 

introduced approach was based on hypothesis testing (by other authors mainly used linear 

regression). It can be divided in two steps in broader sense (Fig. 2).  

First step was the computation of landscape suitability from input data. Second step was the 

decision of land use change. In the first step was computed the landscape suitability 

(Equation 1- soft alternative) for selected land use types. Computation was based on land use 

factors and its importance (Equation 6, Chapter 6.1.5), prevailing landscape, limits and 

natural hazards (Fig. 4). Subsequently were evaluated the potential changes according to 

landscape suitability, investment in land use change, benefits, parcels (size and ownership), 

human demands. All changes were in the frame of sustainable development, legislation, 

planning documentation, and supra- and intra-national policies. Second step is done in a 

synthesis of gathered aforementioned data.  

 

Fig. 4: First step of land use optimisation approach. 

5 Methodology 

Land use types (categories) as well as aforementioned land drivers differ and rely on author’s 

insight into the problematic, goals and methods used in the research. Influence of drivers on 

land use changes are depending on the characteristic landscape, scale, methodology and 

purpose of the study [65]. The forces that induce land use change range from climate to 

geology, international policies to local plans, and interact in an intricate way. Such factors 

additionally interact in spatial dimension. Distance plays a major role and spatial correlation 

often reaches a large extent. First Law of geography suggests that everything is related to 

everything else, but near things are more related than distant things [122]. However, it is not 
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clear how correlations in existing and potential development diminish with distance [143]. 

But even though, it is inevitable to consider the distances in optimisation process. The 

advantages of various methods were emphasised and incorporated into the optimization 

model. In the research account was taken on the size of the parcels (units used in the research 

are both parcels and raster cells) [132, 73, 95, 143], multi- or inter-disciplinary approach [134, 

95, 132, 26], using computer aided technology (GIS) [69, 75], spatial interactions of system’s 

components resp. neighbourhood analyses [134, 143, 26, 69, 19, 132, 75, 71, 121, 95], 

economy and management practices [3, 95, 73; 140, 70,65, 94], using minimal number of 

factors and possible values [3, 132], reliable information and use of land development plans 

[70, 73, 95], natural hazards [140, 85], minimizing the conversions (land-use changes) [26, 

75] and the type of ownership [73]. Computation on raster cell level was chosen because of its 

natural distribution in space, natural suitability (preliminary suitability) and simplicity in 

computation and analyses. On the other side the ownership and parcel size is a significant 

factor. Parcel size is the decision making factor, usually people make parcel level decisions. 

Also selling and trading is made on this level. 

Monitoring of land use changes include local case studies in which the processes of changes 

provide insights in the local drivers and processes. Such case studies may be generalized in 

order to identify common patterns and processes [134, 60]. The land use change is thought to 

be the way how to reach optimal land use. The land use optimisation is solved in Cebovsky 

Potok upper river-basin case, river Becva catchment and settlement Magurka area. 

First the recent state of nature (land use type) assessment has to be done in respect of drivers 

of land use change. Next step is the selection of land use types (e.g. Cebovsky Potok case: 

land use for forestry, orchards and gardens, transportation, urban fabric, urban open space, 

grassland and pastures, vineyards and arable land) and drivers affecting land use (e.g. soil, 

slope, aspect, distance from urban fabric, distance from water bodies, elevation, infrastructure, 

ownership etc.) [90].  

Eventually random data samplings for every single driver are made. Often research area is 

relatively small to be representative for the specific locateon. The best is to choose areas with 

similar predispositions (distances to CBD, underlying physical structure of nature, 

population). It is obvious that the drivers and land use types will be different in urban areas, 

suburbs and rural areas. It is possible to make more data samplings according to various 

landscape characteristics. This case was employed in Cebovsky Potok upper river-basin (one 

sampling for upland and one for lowland) [90]. A statistical sample has to be made randomly. 

The bases of random samplings are areas with same or close characteristics as the research 

area. “Genius loci” of every place is unique, but there is still a chance to be close enough and 

be able to find common resemblances of different land units [91].  

If there are two samplings (as mentioned before, one for lowland and one for upland), it is 

possible to prove the statistical difference between them (T-test). If there is no statistical 

difference, the samplings can be grouped together or investigation of one sampling would be 

sufficient for both areas. Otherwise optimisation has to be made separately [91].  
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The next step is the evaluation of factor’s effect on land use. Land use is described by 

categorical data and factors are both numerical and categorical. There is used Cross-tabulation 

(in case of categorical explanatory variable, e.g.: soil, aspect), ANOVA (analysis of variance) 

or alternative Robust test (in case of numerical – slope, distances, elevation). Result of these 

two approaches is the importance of factors (drivers) to distinguish single land use types. The 

resulting p-values of the tests respectively χ
2
 test in the case of cross-tabulation (categorical 

variables) were used as scaling factors (Fij, Equation 1). 

Consequently the factor values have to be set (Vfj, Equation 1). In the theoretical background 

was stated that land use changes happen to maintain optimal land use. It is assumed that the 

distributions of values for particular land use types change slightly. In else, the same suitable 

landscape attributes for corn production or placement of solar panels remain relatively 

unchanged. The core of distribution remains relatively stable, in contrast to less suitable 

boundary or contending (with other land use types) values. The locations are divided into 

categories according to their factor values. Numerical factors: In the case of normal 

distribution the classification is done according to mean value and variance (or standard 

deviation). In other cases the values are categorised and assigned a value according to 

calculated Gaswirth median, expected value and standard deviation obtained by the analyses 

of samplings (Magurka case study) [36; 92] or medians (Cebovsky Potok upper basin case 

study). Categorical factors: The probabilities of occurrences are used as factor values (see 

Equation 7, Chapter 6.1.5). The computation of probabilities is based on Bayesian analyses 

(inference). 

Equation one describes the computational model representing the land suitability for specific 

land use type according to the chosen drivers. 
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  Si  suitability of the i-th land use type in the specific location;  

   Fij  j factor’s (driver’s) importance (calculated from p-values)  

   q scaling constant (if 0 < Fij, jVf  ≤ 1 then denominator equals 1);  

   n number of factors  

   Vf  a value assigned to a specific quality of factor (driver)  j.  

The following step is the identification of the limits and constrains of particular types of land 

use. In this step are identified strategic objects, areas and other limitation of land use, e.g.: 

cultural heritage, water resource, preservation of seldom plants or animals, key areas for 

prevention of natural hazards, contaminated areas etc. This part is crucial for land use 

planning of such quality which will pose no threat to environment and society. Moreover this 

step is the key point to achieve sustainable development. 

In Slovak Republic, the most serious problem regarding degradation of agricultural soil is the 

one posed by soil erosion. The second most endangered areas are the slopes, where the 
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Neovulcanic formations are meeting the Neogene geological structures in central Slovakia 

[92]. Here is located the first study area – Cebovsky Potok upper river-basin. Mostly eroded 

soils are Haplic Luvisols in this area. While Haplic Luvisols form a significant portion of the 

research area, the study of erosion becomes more important and necessary. Furthermore, it 

was considered the protected landscape and nature, ground waters sources and supposed 

reclamation areas. The case of Magurka will be optimised with a special emphasis on snow 

avalanche risk and municipal plan of cadastral community Partizanska Lupca. The most significant 

natural hazard is flooding. Floods cause most material damages worldwide and both Czech 

and Slovak Republics are no exceptions. The case of Becva catchment is focused on flooding 

modelling and related flood risk mitigation. 

The last step of optimisation is the decision and selection of appropriate change from the list 

of candidates. The factors taken into the consideration were the financial investment of land 

use change, the size of parcel, spatial neighbourhood, type of ownership, urbanization, 

municipal and other plans, suitability and constraints and limits of natural hazards. This last 

step is done in a synthesis of gathered and processed data. This last step is recommended to 

make in group (stakeholders, urban planners, investors, etc.). The first study (Cebovsky Potok 

upper river basin) results were discussed with agriculturist and forest manager. The second 

case study (Magurka) was discussed with snow avalanche experts and third one (river Becva) 

with hydrologist and environmentalist. 

5.1 Statistical methods 

In this chapter are listed and explained the major statistical methods used in the optimisation 

approach. It is very important to know the underlying formula of computation, because they 

sometimes vary with different tools. Best is programming or computing in Excel on its own 

(based on formula).  

2 sample t-test proves that both random samplings (populations) are able to join (if they 

come from the same data set). The null hypothesis is: two population means are equal to each 

other. Usually there are three assumptions to perform this test: 1, each group is considered to 

be a sample from a distinct population; 2, the responses in each group are independent of 

those in the other group; 3, the distributions of the variable of interest are normal. However, 

Excel has more computational algorithms. One of them does not require the third assumption. 

[195, 197]. SW Excel was used to perform two sample t-tests. 

Cross-tabulation analysis, also known as contingency table analysis, is most often used to 

analyze categorical (nominal measurement scale) data. A cross-tabulation is a two (or more) 

dimensional table that records the frequency of respondents (or responding events) that have 

the specific characteristics described in the cells of the table [156]. Hypothesis tests may be 

performed on contingency table in order to decide whether or not interactions are present. 

Effects in a contingency table are defined as relationships between the row and column 

variable [151]. The Chi-square statistic is the primary statistic used for testing the statistical 

significance of the cross-tabulation table. Chi-square tests whether or not the two variables are 
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independent [156]. Test of independence is also known as the test of homogeneity. A chi-

square statistic is computed for each individual cell according to observed and expected 

values. Then the statistics for cells are summed up to total chi-square value for the table. The 

chi-squared statistic is then used to calculate p-value by comparing the value of the statistic to 

a chi-squared distribution [189]. The null hypothesis – the row and column classifications are 

independent. Alternative hypothesis – the row and column classifications are not independent 

[91]. A chi-squared probability of less than or equal to 0.05 (confidence level 5%) rejects the 

null hypothesis that the row variable is independent of the column variable [189]. SW Excel 

and Statgraphics Centurion XV were used to perform cross-tabulation analysis. 

The purpose of ANOVA is to test for significant difference between means. Multi-factor 

ANOVA detects significant factors in a multi-factor model. In the multi-factor model, there is 

a response (dependent) variable and one or more factor (independent) variables [176]. Usually 

there are three basic assumptions to perform ANOVA: 1) Gaussian (Normal) distribution of 

dependent variable (at least on interval scale level); 2) Homogeneity of variances - variances 

in the different groups of the design are identical; 3) No multicollinearity of any of multiple 

dependent variables - it is also required that their intercorrelations (covariance) are 

homogeneous across the cells of the design [165]. 

Chi-Square Goodness-of-Fit test is used to test if a sample of data comes from a population 

with a specific distribution (Gaussian distribution tested). It can be applied to any univariate 

distribution for which you can be calculated the cumulative distribution function. The chi-

square goodness-of-fit test is applied to binned data (data sort in classes).  For the chi-square 

approximation to be valid, the expected frequency should be at least 5. This test is not valid 

for small samples [152]. SW Excel and Statgraphics Centurion XV were used to perform Chi-

square goodness-of-fit testing. 

Kruskall-Wallis test is an alternative to ANOVA, if the distribution of data is other than 

Gaussian / Normal distribution or the variances are not equal (or both of them). It is a non-

parametric method for testing equality of population medians among groups. It is identical to 

a one-way analysis of variance with the data replaced by their ranks. It is an extension of the 

Mann – Whitney U test to 3 or more groups. Null hypothesis is: samplings sets (groups) have 

statistically equal medians on a specified confidence level (used 5%). It means that the factor 

x has respectively has not influence on land use. The next step is usually the post-hoc 

analysis. It reveals the differences between land use drivers. Statistically close classes can by 

associated as a group (e.g. p-value 0.89) [169, 189]. 

Barlett test proofs the homoskedasticity (homogeneity of variance) of samples when normal 

distribution is guaranteed (or at least data come from nearly Gaussian distribution). The 

Bartlett test statistic is designed to test for equality of variances across groups against the 

alternative that variances are unequal for at least two groups. So it proofs if variances are 

equal across groups or samples [149].  

http://en.wikipedia.org/wiki/P-value
http://en.wikipedia.org/wiki/Chi-squared_distribution#Table_of_.CF.872_value_vs_p-value
http://en.wikipedia.org/wiki/Chi-squared_distribution
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Levene test is an alternative to the Bartlett test that is less sensitive to departures from 

normality. . The null hypothesis H0 is: σ1 = σ2. Levene test statistics were computed three 

times from mean, median and trimmed mean (10%). Levene test rejected the null hypothesis, 

if value of statistic is larger than the upper limit of Fischer-Schnedecker F distribution with k-

1 (if two groups then 1) and N-k (number of samples minus number of groups) degrees of 

freedom [91, 173]. SW Excel was used to perform all three variations of Levene test. 

Bayesian analysis is a method of inference in which Bayesian rule is used. It estimate 

parameters of an underlying distribution based on the observed distribution. 

 5.2 Soil Erosion modelling 

Erosion is a gravity driven process that moves solids (sediments, soil, rock etc.) in the natural 

environment or their source and deposits them elsewhere. It usually occurs due to transport by 

wind, water, or ice; by down-slope creep of soil and other material under the force of gravity; 

or by living organisms, such as burrowing animals, in the case of bio-erosion [68]. 

Soil erosion is a natural process, which have occurred since the first land plants formed the 

top soil layer. Generally, erosion is increased by human activities (deforestation, agriculture, 

urban sprawl), due to change of the natural vegetation to a new one. The new types of land 

cover do not hold the soil particles so much together and the soil cover in place. The most 

extreme case is arable land, without vegetation at certain a period of the year. However, 

improved land management practices limit erosion. Stream regulations, terraces, conservation 

tillage practices, tree planting and other practices effectively decrease erosion. 

Water erosion is the most common and devastating type of erosion in Slovak Republic. Water 

erosion can be splash or fluvial. Fluvial erosion is the result of the rivers and their tributaries. 

Due to the erosive character of the moving streams are the river banks covered by trees or 

artificial materials. Bank erosion is the wearing away of the banks of a stream or river. 

Splash erosion is the detachment and airborne movement of small soil particles caused by the 

impact of raindrops on soil. Sheet, rill, gully and bank erosion are the most common types of 

the splash erosion. Sheet erosion is the detachment of soil particles by raindrop impact and 

their removal down the slope by water flowing overland as a sheet instead of in definite 

channels or rills. Rill erosion refers to the development of small, ephemeral concentrated 

flow paths, which function as both sediment source and sediment delivery systems for erosion 

on hill slopes. Generally, where water erosion rates on disturbed upland areas are greatest, 

rills are active. Gully erosion, also called ephemeral gully erosion, occurs when water flows 

in narrow channels during or immediately after heavy rains or melting snow. This is 

particularly noticeable in the formation of hollow ways, where, prior to being old rural road 

has over many years become significantly lower than the surrounding fields. A gully is 

sufficiently deep that it would not be routinely destroyed by tillage operations, whereas rill 

erosion is smoothed by ordinary farm tillage. Tunnel erosion (suffosis) continuous dissolving 

and washing of the cement or soluble parts of the rocks. It appears mostly in karst territories, 

so it is not needed to describe more [91, 141,188]. 
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There have been developed handful methods and models of water erosion, e.g.: Agricultural 

non-point source pollution model (AGNPS), EROSION 3D, dynamic distributed model 

EUROSEM (European soil erosion model), computer program GLEAM model (Groundwater 

loading effects of agricultural management systems), physically based model KINEROS 2 

(Kinematic runoff and erosion), LISEM (Limburg soil erosion model), WEPP (Water Erosion 

Prediction Project), WATEM (Water and Tillage Erosion Model), USPED (Unit Stream 

Power-based Erosion Deposition), USLE (Universal Soil Loss Equation) and its 

modifications, SWAT (Soil and Water Assessment Tool), STREAM (Sealing, Transfer, 

Runoff, Erosion, Agricultural Modification) model, RUSLE (Revised Universal Soil Loss 

Equation) and its modifications, PESERA (Pan-European Soil Erosion Risk Assessment) 

model and many others [187].  

It is important to choose an appropriate model according to the scale, on the prevailing type of 

erosion, and conditions and processes in study area. In Cebovsky Potok upper river-basin area 

were used and validated two models: RUSLE and USPED. First is empirical model and the 

second one is physically-based model. The second group is to replace the first one and 

provide more detailed results. They consider the spatial and temporal variability of the main 

erosion processes. On the other hand they are more sensitive to input data. So they have 

higher probability to get wrong results and of course higher time consumption (input data and 

computation). On ground of previous experience, data validation, verification and main aim of 

the dissertation thesis, there was chosen the empiric model RUSLE 2. Previous experience 

showing difficulties to represent the real state of the erosion by physical models (Richnnavský 

2008), although they are more precise. The results of two models have been checked in terrain 

research (Tab. 1 and Fig. 1 and 2 in Appendix). 

The Revised Universal Soil Loss Equation (RUSLE) is represented by the simple equation 

(see equation 2). 

,PCLSKRA            (2) 

where A is estimated average soil loss in tons per hectare per year, R is the rainfall-runoff 

erosivity factor, K is soil erodibility factor, L is slope length factor and S slope steepness 

factor, C is the cover management factor, P is support practice factor. Another factor is the T 

– value, the tolerable soil loss. Its value represents the tolerable soil loss A. USPED (Unit 

Stream Power - based Erosion Deposition) is a simple model which predicts the spatial 

distribution of erosion and deposition rates for a steady state overland flow with uniform 

rainfall excess conditions for transport capacity limited case of erosion process. For the 

transport capacity limited case, we assume that the sediment flow rate (Fr) is the sediment 

transport capacity Tc (see equation 3). 

  ,sin
nm

wtc SFTT 
         (3) 

where Tt is transportability coefficient dependent on soil and cover, m, n are constants 

depending on the type of flow and soil properties, Fw is water flow rate and S is slope. For 
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overland flow the constants are usually set to m=1.6, n=1.3. No experimental work was 

performed to develop parameters needed for USPED, therefore it has been used the USLE 

parameters to incorporate the impact of soil and cover and obtain at least a relative estimate of 

net erosion and deposition. Estimate of sediment flow at sediment transport capacity was 

presented as in equation 4. 

  ,sin
nm bAPCKRT           (4) 

where R, K, C, P are erosion drivers (see RUSLE) and A
m 

* sin(b)
n
 is an alternative to LS 

factor (see RUSLE). USPED calculates two kinds of erosions, for prevailing rill erosion 

m=1.6 and n=1.3 and for sheet erosion both m and n equals 1. Then the net erosion/deposition 

is estimated as in equation 5. 

ED  =  div (T . s)  =  d(T*cos a)/dx  +  d(T*sin a)/dy,     (5) 

where a is the aspect of terrain surface. This equation is equivalent to the relationship with 

curvatures (concave, convex) [85]. 

The verification of the model is the fact, that RUSLE is the most used erosion model. There 

have been done many experiments, which proved the model. The research also focuses in 

proving the results - validation. There have been done 294 observations, where have been 

measured the top soil characteristics (depth of horizons – A0 (or T or O or other), Ax, 

sometimes Bx too, sometimes soil depth). There have been chosen natural spoils, roll aways, 

extraction sites, waterline placements, house foundations digging, tree planting, and 

additional 19 soil pits (Fig. 2 in Appendix). Soil pits locations were so selected that slope, 

land cover and land use practice impact could be observed. The validation followed two basic 

rules: first comparing the same soil types and second different soil types with same 

characteristics (land cover, slope). The results of both models were compared with the real 

state of erosion. 

5.3 Flood and inundation area modelling  

Land use and land cover is deeply interconnected with rainfall-runoff process. Different types 

of land cover (or practiced land use) variously influence infiltration, stream flow, surface 

runoff, groundwater flow, base flow, evaporation, transpiration etc. The importance of land 

use practice or land cover on floods was highlighted through many studies. (Unucka et al., 

2011) demonstrate a positive effect of forest on water erosion and rainfall-runoff conditions in 

small forest catchments. In (Váňová and Langhammer, 2011) is modeled the impact of land 

cover on flood mitigation in Lužnice basin.  

Methods used to quantify flood risk differ based on their approach to understanding the risk, 

chosen scale, purpose of assessment and the available data. There are four distinguished 

approaches following major concepts: 1) probabilistic approach; 2) Analytical approach; 3) 

Process-based approach; 4) Empirical approach. These approaches are used to assess also 

other natural hazards. In probabilistic approach is flood risk understood as a function of 
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probability of flood event occurrence and its potential consequences. Analytical approach 

decomposes the flood risk to maximum possible factors that potentially affect the risk. These 

factors are quantified and their mutual effect is expressed using mathematical relations. In 

process based approach is risk expressed as the function of hazard, exposure and 

vulnerability. The risk occurs only if all three components are different from zero. The 

empirical approach is based on analyzing the past extreme events [67]. 

Rainfall-runoff models are together with GIS a very powerful and effective analysis tool. 

Semi-distributed models are commonly used in the operative hydrologic forecasting services 

because of their well-balanced ratio between the model spatial accuracy and duration of 

simulation. Fully distributed models are mainly used for detailed analyses of spatial and 

temporal variations of rainfall-runoff relations within the catchment scale [125]. 

Generally, the rainfall-runoff models and GIS are suitable tools for analyses of the 

hydrological conditions within the catchments [126]. Proper and realistic results of semi-

distributed and distributed models are a challenging task. It requests realization of complex 

rainfall-runoff process which includes many variables (coefficients), setting of conditions and 

requires vast amount of high quality input data. These variables many times depend on proper 

calibration of models in the research area [88]. 

The two most used tools (or tool packages) are HEC-RAS and MIKE. The coastal software 

packages are typically used to simulate flow phenomena and related processes in coastal areas 

and seas. The two main products are MIKE 21 and MIKE 3 for 2D and 3D water modelling. 

As the modelling systems are generalised packages, the usage also finds its way to inland 

modelling, e.g. in flood applications of overland flow modelling or urban flooding with 

dynamic coupling of MIKE 21 with river and urban drainage model technology MIKE 11 and 

MIKE URBAN, respectively, (and MIKE 3 in case of need to look at stratification effects in 

rivers or study full 3D dynamics in lakes) [164]. MIKE FLOOD is the most complete toolbox 

for flood modelling available. It includes a wide selection of 1D and 2D flood simulation 

engines, enables to model virtually any flood problem whether it involves rivers, floodplains, 

floods in streets, drainage networks, coastal areas, dam and levee breaches or any 

combination of the above. Its main applications are rapid flood assessment, flood hazard 

mapping and flood risk analysis for residential, industrial or cultural heritage areas [198]. 

HEC-RAS is a one-dimensional model developed by the Hydrologic Engineering Center 

(HEC) of the U.S. Army Corps of Engineers (USACE). It is used to simulate both steady and 

unsteady flow and sediment transport as well as water quality in natural and man-made 

channels [48, 51, 52]. The HEC-RAS model is able to simulate and predict subcritical and 

supercritical flows, both in natural and artificial riverbeds of a simple or composite profile. Its 

basic computing mechanism is based on the Bernoulli Equation and the Manning Equation 

[103]. 



Mudroň I.: Land use change and optimisation regarding to natural hazards 

49 

 

The use of other tools is not so widespread. In Czech Republic is used HYDROG [180]. 

HYDROG is used in CHMU Ostrava and Brno. Next tools are TUFLOW, ISIS FAST, PC 

SWMM, XP SWMM etc. 

TUFLOW is a powerful computational engine that provides 1D and 2D solutions of the free-

surface flow equations to simulate flood and tidal wave propagation [196]. 

ISIS FAST is an innovative flood inundation modelling tool designed to assess flooding using 

simplified hydraulics. The SW works by first identifying depressions on the floodplain and 

subsequently routing water through these depressions. Water depths in the depressions are 

determined by the volume of water flowing into each one, the level at which water can spill 

into neighbouring depressions and the water level in the neighbouring depressions [166]. 

PCSWMM provides intelligent tools for streamlining model development, optimization and 

analysis in a comprehensive range of applications. PCSWMM allows hydrologic modelling, 

hydraulic modelling and water quality modelling of storm-water, wastewater and watershed 

modelling [178].  

Xpswmm is a comprehensive SW package for dynamic modelling of storm-water, sanitary or 

combined systems, and river systems. It is used to develop link-node (1D) and spatially 

distributed hydraulic models (2D) for analysis and design. Xpswmm simulates natural 

rainfall-runoff processes and the hydraulic performance of drainage systems used to manage 

water resources. It allows integrated analysis of flow and pollutant transport in engineered and 

natural systems including ponds, rivers, lakes, overland floodplains and the interaction with 

groundwater [200]. 

HEC-RAS has been used to assess the flood impact in the Becva river catchment study area. 

Basic input data are DEMs, channel network, cross profile geometry and surface roughness. 

Extension for ArcGIS 10 HEC-GeoRAS10 (respectively Arc View 3.2-HEC-GeoRAS can be 

used) was used to create schematics of the study area. The model is applied worldwide, 

particularly in the USA it is used by institutions such as the U.S Geological Survey, Federal 

Highway Administration and Natural Resources Conservation Service. River Becva was 

selected, because it is prone to periodic flood occurrences. There have been used modelled 

inundation areas according to DEM (naturally flooded areas) and according to regulated water 

flow (real flooded areas). The aims of this case study is to show the usage of hydraulic 

modelling for aquatic ecosystems delineation and recognition of land use changes based on 

flood hazard. Thus the main aim is the land use optimisation based on mitigation of negative 

impacts of floods on landscape. 

5.3 Snow avalanche modelling 

Avalanches represent one of the most significant potential processes in mountain landscape 

during the winter and spring time. From a human point of view the avalanche process is a 

phenomenon with clear hazardous effect and it generates limits of land use and human 

activities [202]. Currently there are several approaches and methods for the analysis of 
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avalanche hazard. Nowadays, assessment of the potential impact of avalanches and 

identifying the areas of potential threats are made by experienced professionals. In practice 

(operational avalanche forecasting) is desired a relatively simple and fast way of avalanche’s 

parameter estimation, especially the estimate of run-out zone and reach of avalanche. 

Knowledge of snow properties allowed the development of numerical simulation tools. The 

implementation of modern GIT to snow avalanche modelling issue opened a new era of 

avalanche forecasting. Generally, there are three main methods of avalanche forecasting: 

1) Traditional methods - Cadastre avalanche terrain manually plotting to topographic maps 

based on experience and observation of workers.  

2) Topographic - statistical methods - use of statistical topographic model – e.g. alpha-beta, 

regression model;  

3) Dynamic numerical modelling - using 1D dynamical models (AVAL-1D) and 2D dynamic 

models (RAMMS, SAMOS) [107]. 

Two decades ago there was only the avalanche cadastre available in Slovak Republic 

avalanche prevention (Fig. 4 in Appendix). Today is the avalanche cadastre for Slovak 

Republic online available and is a significant help for backcountry and cross-country skiing 

(Fig. 5 in Appendix) [177, 172]. Later Slovak professionals started to use different 

approaches too. It is a significant delay regarding to the European and World studies. Second 

type of approach was used by (Hreško and Bugár, 2002) to evaluate the avalanche hazard 

intensity in Belianske Tatry Mountains (Slovakia). In the study were analyzed 

geomorphologic parameters (slope, aspect, elevation, curvature of terrain and roughness) 

individually and put together in a formula, returning the risk of snow avalanche. (Richnavský 

et al., 2011), (Biskupič et al., 2011) and (Bartik, 2012) used the third approach. In the first 

two cases was used model RAMMS and in the third one model ELBA+. (Mudron et al. 2012 

b) used model RAMMS in snow avalanche risk assessment (process based approach). 

Quantitative snow avalanche risk assessment expresses risk as the function of hazard and 

vulnerability and the particular element at this risk [55]. Both, hazard and vulnerability are 

functions of snow avalanche intensity. Avalanche hazard is mapped according to the 

reconstruction of historical avalanche, prevailing attributes of locality, simulation of 

avalanche scenarios and snowfall records in the case of this study. 

It is not set any unified methodology for snow avalanche risk or hazard assessment in 

Slovakia. The research is merely pushed forward and concentrated around the AWS 

professional members: Biskupič, Richnavský, Lizuch, Kyzek etc., and Hreško and his co-

workers from UKF. The studies are referring to criteria used in other countries or regarding to 

the aim of the study. Except for Iceland, avalanche hazard mapping in Europe is based on 

assessment without an explicit evaluation on the possible consequences on exposed elements, 

and thus, on risk [27]. In Austria and Switzerland the hazard zone’s delineation is based on 

the estimated frequency of snow accumulation in release zones of avalanches. Subsequently a 

physical model is applied to calculate a corresponding run-out of avalanches. In Switzerland 

the limit of the hazard zones is located at the run-out of an avalanche corresponding to snow 
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accumulation with a frequency of 1/300 yr [5]. For example in Norway the limit of the hazard 

zones is delineated by the 1/1000 year frequency of avalanches [5]. The backbone for the risk 

basis of planning in Canada is the five part scale for avalanche size based on expected 

destructive potential. Standards for decisions in Canada are risk based, meaning average 

avalanche frequency (return period) and some measure of consequences are included [82]). 

There are two common measures of destructive potential which can be incorporated into the 

consequence portion of risk. They are firstly predicted impact pressures and secondly 

destructive potential based on the five part Canadian system for sizing avalanches [82]. 

ELBA+ is a 2D snow avalanche run-out simulation model. It is integrated into ArcGIS, the 

most widely used software in the GIS worldwide. ELBA+ is the 3rd generation of ELBA 2D 

snow avalanche models. Applications of SW are in Austria (torrent and avalanche control 

authorities), Italy, Turkey, Switzerland, Bulgaria, Russian Federation. It has a unique variable 

parameter rheology that is based on a Voellmy fluid [159]. 

Modern numerical simulation software package RAMMS was used for avalanche simulation. 

RAMMS (RApid Mass MovementS) model calculates the motion of geophysical mass 

movements (including snow avalanches) from initiation to runout in three-dimensional terrain 

[Christen, 2010]. It has been developed at the WSL Institute for Snow and Avalanche 

Research SLF in Davos. Model RAMMS can be used for accurate prediction of avalanche 

runout distances, flow velocities and impact pressures of avalanches. In Magurka settlement 

case study, have been used RAMMS for calculating the snow height in avalanche deposition 

and for understanding the avalanche motion. Input data were gained from historical records, 

studies and photos. This data has been used to reconstruct historical avalanche of Magurka 

1970. The same data were used also for calibrating the model (calibration of friction 

parameters) to obtain sufficiently accurate simulation. Well prepared data are essential for the 

quality of the model results [107]. Required input data for model RAMMS are release zone, 

forest cover, digital elevation model and snow density.  

6 Case Studies 

Land use optimisation was made in three study areas. Two of them can be denoted as rural 

studies. In relatively small areas was optimised the land use for arable land and for built up 

area. One of the main goals was to investigate the natural hazards in study areas. The natural 

hazards introduce significant limits to human activities. On the other side they can reveal 

predispositions for specific land use. And this was analysed in the third study, which tried to 

interconnect aquatic ecosystem delineation with floods. 

The optimisation method can be used in any type of landscape. Rural studies were selected, 

because of the greater challenges were apparent in their areas. Rural areas balance the 

pressure made through strong concentrated human activities in urban areas. 



Mudroň I.: Land use change and optimisation regarding to natural hazards 

52 

 

Rural land managers were, and still are, faced with an increasingly complex decision making 

environment where production has to be achieved within narrowing environmental and social 

limits. Conflicting factors driving the decision making process such as global market 

pressures and environmental regulations make land use planning difficult [170]. 

It should be a global goal to maintain sustainable environment. Rural and uninhabited (if any 

can be associated) areas will be the key to solving the future of humanity and its full value of 

life. 

6.1 Cebovsky Potok upper river-basin case study 

The first study is dealing with abandoned land in the Cebovsky Potok upper river-basin area 

situated in south of Slovakia. The optimisation is focused on optimisation of land use for 

arable land. 27 parcels of arable land are in the research area. Natural hazard investigated in 

this location is water erosion. 

6.1.1 Abstract 

For centuries, humans have been altering the Earth’s surface to produce food and gain 

material or energy through various activities [92]. On the one side the human activity is the 

basic and major force in affecting spatial and temporal changes in land use, but on the other 

side the underlying physical structure of nature often constrains the use of land [42]. The 

current land use represents the result of interaction of these two sources. 

The optimization of land use is seen as a way of land use management to satisfy material and 

nonmaterial needs of the society with a special consideration to the protection of the nature 

and resources for the next generation [90]. Case study follows the idea of sustainable 

development. It focuses on human driven changes and empirical-statistical optimization of 

land use. It is based on fundamental idea of land cover and land use evolution described in the 

theoretical part. 

It was performed statistical and probabilistic modelling to optimize the types of land use. Six 

factors have been investigated: soil, aspect, slope, elevation, and distances from urban fabric 

and water bodies. Furthermore the arable land changes were demonstrated with real world 

example in agriculture.  

The data of prevailing land use was acquired in terrain research. In the combination of the 

land use, factor importance, natural hazards and values of drivers were found the best areas 

for the land use for arable land. Worse parcels were proposed for abandonment. Abandonment 

of agricultural land is a common situation in the last decade.  

RUSLE and USPED erosion models have been computed and validated. We found, that 

prevailing land use regarding to the erosion was suitable for almost whole area. There has 

been proved just one exception and proposed land use change (arable land to grassland) or 

practice has been advised. Furthermore, it has been found that erosion rates decrease by 
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increasing the abandoned agricultural land. For the particular types of land use has been 

computed the suitability and proposed changes in 2x2 m detail. 

6.1.2 Study area  

The study was carried out in the upper-river basin of Cebovsky Potok (Fig. 5), which covers a 

total area of 20.37 km
2
. It is allocated upstream from the confluence of Cerina and Cebovsky 

Potok streams. Cerina (with tributaries) is 8824 long meters and Cebovsky Potok (with 

tributaries, without Cerina) is 10499 meters long. 

 
Fig. 5: Location of Cebovsky Potok upper river-basin in Slovakia. 

According to the Geomorphologic units, the northern division of the study area is a segment 

of unit Krupina Plain formed by neovulcanic badenian formations, merely made of 

hornblende-pyroxene and pyroxene andesites. The southern division belongs to unit Southern 

Slovak Basin formed by karpatian formations of gray and varied siltstones, claystones, 
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sandstones, evaporites and gravels. The whole area is a part of Carpathian Mountains 

subsystem [92]. 

According to the administrative division, it is situated in Banskobystricky region, district 

Velky Krtis and it is a part of cadastral units of Kosihovce, Cebovce, Pribelce, Stredne 

Plachtince and Horne Plachtince (Fig. 5 from left bottom to right top).  

The villages are merely agricultural oriented. The area belongs to barley-wheat subtype of 

agriculture with high rate of cattle raising and medium rate of pig raising according to fertile 

soils of Southern Slovak Basin and weather conditions [84]. The south and southwest slopes 

of Krupina Plain in combination with mineral-rich soils on volcanic bedrock are suitable for 

viticulture. 

This area is a representative of rural changes in Slovakia. Agricultural land and built up areas 

are abandoned in many regions. Vacant land significantly increased over the last decade.  

In the current context of profound economic and social transformations and changing supply 

and demand patterns of land, the perception of vacant land changed from being a problem to 

offering an opportunity [28].  

6.1.3 Data Sources  

The data sources used in this case study are municipal plan of cadastral community Cebovce, 

KAPOR (online cadastral portal) [168], KURS, ÚPN VÚC Banská Bystrica (territorial plan 

of self-governing region). 

Additional sources were: historical maps, aerial images (50 cm / 1 px) [185], terrain research 

including GPS measurements, DEM (based on 1:5000 maps, resolution 2 meters) derived 

from contours and topological maps of Slovak Republic (map sheets Modrý Kameň 6-4, 6-5, 

7-4, 7-5 and map sheets 46-12-18, 46-12-14, 46-12-19 and 46-12-24) [161]. 

The current land use has been created of topographic quadrangle raster maps at a scale of 

1:10000 and 1:5000, aerial photographs supplemented by terrain research. Due to the 

cartography approaches to make topographic maps, missing information and insufficient 

detail in CORINE land cover data [154], it was necessary to do the terrain research. 

Random sampling and statistic operations used the data provided by a collective work of GIS 

students of UMB, in which I took a part. The underlying hydrometeorological data were 

provided by SHMÚ. The measurements were related to local stations, which are monitoring 

hydrology, climate, or both of them. The stations are located in Dolné Plachtince, Čebovce, 

Čelovce, Nenince and Sucháň. 

The gathered soil found data were provided by Forest Management Institute Lesoprojekt 

Zvolen and VÚPOP. The first institute provided detailed data of forest soils and the second of 

the remaining soils (all in scale 1:5000). 
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The underlying legislative documents were found in electronic Collection of Laws of SR 

(199/2008, 543/2002, 184/2002 etc.) [153]. 

6.1.4 Land use and land cover 

The land use distribution was derived from terrain research and interviews with land owners. 

Data refers to year 2013, results and conclusions are made in the same year. The surveyed 

area was classified into major six land use categories (Tab. 4). Categories were selected 

according to size of study area, the location in agricultural landscape and prevailing land 

cover. The land use for agriculture was subdivided into next four land use categories. The 

main aim of this study focuses on land use optimisation for agriculture especially for arable 

land, but also other land use types are investigated and there was computed their suitability. 

Tab. 4: Land use and land cover classification. Source: Mudron 2013 

LU category  LU category (level II) Land cover 

LU for agriculture LU for Garden or Orchards Gardens, Orchards 

 LU for Arable land Non-irrigated arable land 

 LU for Grassland or pasture Grassland , Pastures 

 LU for Vineyards Vineyards 

LU for forestry  Mixed, Broad leaved and Coniferous 

forest, Shrubs or transitional forest, Forest 

steppe  

LU for transportation  Main communication, paved road, 

unpaved road, paved walkway 

LU for built up areas  Urban fabric - Housing units, Forecourt or 

backyard, Industrial buildings and area, 

Commercial buildings and area, 

Construction sites 

LU for open urban space  Green urban area (park), Cemetery, other 

open space, Sport and leisure 

Other unclassified LU  Bare rock, Inland marshes, Water streams, 

Extraction sites 

LU for arable land takes the second largest area (9.8%). Non-irrigated arable land is found in 

lower or flat locations. As well as arable land as the whole land use for agriculture is facing 

changes over the last two decades. Transformation of land use is obvious and it leads to 

abandoned and vacant land. There was mapped abandoned land in the frame of proving and 

emphasising this assumption. The real case study of land use optimisation for arable land is 

based on interest and demands of agricultural subject Agrodruzstvo Pribelce to expand its 

activities after a bankrupt of the previous subject, which was leasing the ground in the 

research area. 

The LU for Grassland and pastures has a decreasing tendency of total area. Pastures are rare 

in the research area. 8.9% makes them after LU for forestry and Agriculture the third largest 

in the area. 
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Significant proportion of land use for vineyards (2.76%) reveals the historical and 

contemporary orientation of agriculture. The area is a part of Central Slovak Wine region. The 

most frequent localities are south, south-west, south-east and west slopes. In general, orchards 

and gardens are small privately owned (self-suppliers) parcels of arable land. 

It is obvious that LU for forestry and especially broad leaved forest land cover (1278.9 ha) is 

prevailing. It covers most of space outside of Cebovce residential area and almost all steepest 

slopes.  

Land use for built up areas is mainly related to Cebovce residential area. The village has 1071 

permanent residents (2011 census). There are mainly housing units with belonging forecourts 

or backyards, which predetermine the main functionality of municipality in broader sense. 

Commercial areas and buildings provide basic services and are second most frequent, third 

one according to area (9 ha). Industrial areas and buildings are the third most frequent, but 

second one according to taken space (10.3 ha). Land use for urban open space is connected 

with urban area. Increasing proportion of urban open space (such as parks, memorial, 

playgrounds etc.) is the consequence of social and spatial trends in new lifestyle and values of 

local residents. 

Tab. 5: Land use categories and its proportion Source: Mudron 2013 - the values are rounded 

Land Use Category Area [ha] Proportion[%] 

LU for Forestry  1417.33 69.57 

LU for Agriculture (All) 487.37 23.92 

LU for Arable land 198.84 9.76 

LU for Orchards and Gardens 50.31 2.47 

LU for Grassland and Pastures 182.09 8.94 

LU for Vineyards 56.13 2.76 

LU for Urban open space  4.78 0.23 

LU for Transportation 73.83 3.62 

LU for Built up areas 34.36 1.69 

Other unclassified LU  19.51 0.96 

ALL 2 037.19 100 

LU for transportation is concerned with built up areas and other land use types. Roads access 

forest for timber, buildings for living, arable land for production etc. The transportation 

network is determined by the other land use types. 

6.1.5 Land use optimisation  

This part deals with main optimisation process of LU for agriculture, especially for arable 

land with regard to water erosion of soil. In the first step is computed the suitability for LU for 

arable land and subsequently in second step are delineated the limits of land use according to 

soil erosion and other constraints. 
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Factor selection 

The statistical approach can be sorted in few steps. First was to factor definition. There have 

been chosen the most important factors (drivers) (elevation, distance from the water bodies, 

and distance from the urban fabric, slopes, aspect, and soil) [91]. The distance from CBD was 

not investigated because of small variance in distances of the research area comparing to the 

distance from CBD or markets. In else, 400 m between two competing localities in the 

research area are marginal in comparison to the actual distances to surrounding markets in 

Banska Bystrica, Levice or Velky Krtis (80, 66 respectively 15 km away). The factors had to 

be checked for multicollinearity.  

 

Fig. 6: Geomorphological units delineating the random sampling area. Source: Mudron 2013 

Data sampling 

Computation of suitability is based on random samples gathered from geomorphological units 

(mostly parts of them) Revúca Heights, Southern Slovak Basin, Krupina Plain, Ostrôžky, 

Štiavnica Mountains, Pliešovce Fold, Javorie, Podunajská Heights and Tribeč (Fig. 6). In 

random sampling, each event (occurrence) of the population had an equal chance of being 
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chosen at each draw. The selected population represented areas that were similar or close to 

the research area. Most of them surrounded the area and were of Neovolcanic or Neogene 

formation. The orientation, elevation, longitude, latitude, terrain, climate etc. were the 

deciding rules in selection of aforementioned units. “Genius loci” of every place is unique, 

but still there is a chance to be close enough and so find common resemblance [91]. The 

selected units were classified in two groups - lowlands and uplands. 

At the first stage, 130000 random locations were selected (Fig. 7, step 1; Create random 

points in ArcGis). Data samplings were divided into two data sets, according to their location 

in upland respectively in lowland (Fig. 7, step 2). Subsequently land use types were added to 

the random locations. LU for built up areas, transportation and other unclassified investigated 

types of land use were filter out. 57756 locations for upland and 49753 locations for lowland 

left. These points were the bases of statistical investigation. Two data sets were established 

according to real state of nature (Fig. 11 in Appendix).  

 

Fig. 7: Steps of statistical land use suitability computation 

Statistical analyses of data sets were the core of optimisation approach (Fig. 7). In the first 

part was computed the influence of factors. The weights of factors were computed according 

to their ability to distinguish particular land use types. Two subsets (one for upland and one 

for lowland) were selected because of unequal number of land use types in whole population 

(Fig. 7, step 3). This step is very important in statistics. Unequal number of samples can cause 

bias results in testing. The smallest category was vineyards in uplands so according to its 

population were selected 885 samplings for both data sets. 
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In computation of factor importance were distinguished two approaches according to type of 

independent factor. The numerical type of data (Slope, Distances, and Elevation) allowed 

more operations as categorical data (Soil, Aspect). First were investigated numerical data 

types.  

Slope factor 

The most common investigation of dependence was the analyses of variance. But it had many 

limitations and conditions, which had to be satisfied. Many times it was tricky and the 

approach could not be used as assumed in the theory. Fortunately alternative approaches were 

developed (Robust tests, Kruskal – Wallis etc.), because of practical solutions rarely followed 

the excepted theory [91]. 

There were two sets of samples, so there was a chance of joining them together in a case of T-

test did not reject H0 hypothesis (if the two samples descended from the same population; Fig. 

7, step 4). This test has to be made for all land use categories separately. Tab. 6 is showing 

the descriptive statistics, Fit-of-Goodness test (Gaussian) and Levene’s test results for slopes 

of LU for Grassland or pastures. Proofing homoscedasticity is usually made by Bartlett test, 

of course in the case of Gaussian distribution of samples. If this was not guaranteed, Levene’s 

test was used. The null hypothesis was: H0: σ1 = σ2 and alternative one was Ha: σ1 ≠ σ2 of 

two samples. 

Tab. 6: Descriptive Statistics, tests of normal distribution (ND) and homoscedasticity of slopes with 

grassland and pasture land cover  

Highland samples  Lowland samples 

Average = 9.79° Average = 7.15° 

Min = 0.58° Min = 0.01° 

Max = 23° Max = 28.68° 

Median = 9.37° Median = 6.88° 

Standard deviation =5.07°  Standard deviation = 5.12° 

Stnd. skewness = 2.36 Stnd. skewness = 3.41 

Stnd. kurtosis = -1.12 Stnd. kurtosis = 1.49 

Chi-Square = 29.27 Chi-Square = 62.83 

P-Value = 0.34 P-Value = 1.1 10
-4 

Not reject ND on 95% and 99% 

confidence interval 
Reject ND on 95% and 99% 

confidence interval 

Homoscedasticity not rejected – (T(x) = 0.16, P-Value of F-test = 0.686) 

The Excel can deal with the rejected homoscedasticity and rejected Gaussian distribution. 

Otherwise t-test can be made in Statgraphics also. The result 1.71 10
-6

 rejected the null 

hypothesis (H0), that the means are statistically equal on the 5% confidence level as well as on 

1% confidence level. The 5% confidence level was decisive in the frame of this study. So the 

samples could not be used in both analyses, or calculation of one sample set will make the 

results for both sets. Tab. 7 is showing the results of t-tests for other land use types on 5% 
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confidence level. The results were the same as in the case of grassland and pastures - no joins 

are able in data samplings. 

Tab. 7: Results of t-tests and Levene’s test. Source Mudron 2013. 

 T-test Levene’s test 

slopes P-value result P-value result 

LU for Forestry 5.7 10
-12 HA 1.7 10

-4 HA 

LU for Arable land 8.6 10
-5 HA 0.06 H0 

LU for Gardens and Orchards 1.0 10
-7 HA 0.001 HA 

LU for Vineyards 0.04 HA 0.232 H0 

Factor importance calculation 

Next step was the assessment of dependence of land use dependent variable on slope factor 

independent variable. The most common was the mean comparison using the variance 

analysis. Rejection of the t-test’s null hypothesis (means are statistically same) indicated that 

the samples came from different populations. So it was necessary to calculate factor analyses 

for both – lowland and highland. 

Anova was the most used approach in other statistical studies [124, 1]. Basic conditions 

(assumptions) of Anova are independence of samples, Gaussian distribution of residuals and 

homogeneity of variances (homoscedasticity) - the variance of data in groups should be the 

same, and Gaussian distribution of data.  

First was made the distribution fitting test, to decide if Bartlett or Levene’s test was testing the 

data’s homoscedasticity among the land use classes. Result for lowland is shown in Tab. 8. 

Thus Levene’s test was performed (in all cases when normal distribution was rejected, just 

one rejection would be necessary). 

Tab. 8: Fit-of-Goodness test for slopes in lowlands 

Fit-of-Goodness test for normal distribution in lowland 

Class χ
2 Statistics P-value Result 

LU for Forestry 62.49 1.2 10
-4 HA 

LU for Arable land 126.56 7.8 10
-15 HA 

LU for Gardens and Orchards 57.41 5.7 10
-4 HA 

LU for Vineyards 44.86 0.02 HA 

LU for Grassland and pastures 62.83 1.1 10
-4 HA 

Fit-of-Goodness test proved that Anova was not possible to use for both data sets. There was 

performed an alternative to Anova – Kruskall-Wallis test, a non-parametric method for testing 

equality of population medians among groups.  

The homoscedasticity was not proven (upland P-value 0, lowland P-value 6.14 10
-12

), so the 

data needed to be transformed. After investigating more possibilities (lognormal, root, linear, 
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polynomial, higher polynomial, linear combination, quadratic etc.) only exponential 

transformation exp(x) of data attained equal variance of data in all groups (upland P-value 

0.09, lowland P-value 0.37). Although in some cases (comparing forestry and arable land etc.) 

the residuals were normally distributed, in all cases was performed the same test (Kruskall-

Wallis).  

Kruskall-Wallis test rejected the hypothesis about statistically equal medians (both 1 and 5% 

confidence level) in both data sets. According to number of land use types (5), there were 

together 4 levels in which were 26 hypothesis tests. In the first level was tested the influence 

of evaluated factor on distinguishing all five land use types (12345). In the second level was 

evaluated the influence of factor on four factors (5 – 1234, 1235, 1245, 1345, and 2345), in 

the third level on three factors (10 tests) and in the fourth level on all ten pairs of land use 

types. Tab. 9 shows the result of testing for lowland data set (1 LU for Arable land, 2 LU for 

Forestry, 3 LU for Grassland and pastures, 4 LU for Orchards and gardens, and 5 LU for 

Vineyards). 

Tab. 9: Post-hoc analyses for slopes in highland 

Result of post-hoc analysis (Kruskall-Wallis tests) 

Type of LU P-value Type of LU P-value 

12345 0.00 134 1.1 10
-12 

2345 5.3 10
-6 135 0.00 

1345 0.00 245 1.2 10
-6 

1234 0.00 25 1.1 10
-5 

1235 0.00 12 0.00 

1245 0.00 13 1.1 10
-11 

123 0.00 14 2.9 10
-8 

145 3.4 10
-12 15 5.3 10

-12 

124 0.00 23 0.11 

125 0.00 34 0.01 

234 5.5 10
-5 24 4.9 10

-6 

345 0.02 45 0.35 

235 1.3 10
-4 35 0.02 

The value of factor importance (weight, Vf ) was calculated according the following formula: 
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L – levels, m – number of levels, n – number of hypothesis test on level HL, pvalF was the p-

value of factor combination (e.g. at level 1 there is only 1 combination (12345) of five factors, 

at level 2 there are 5 combinations of five factors (1234, 1235, 1245, 1345 and 2345) etc., 

pvalMAX was the maximal value – 0.05 was the highest value in our case. In the case of p-value 

exceeded 0.05, it was set the highest value, i.e. 0.05. Because of the reverse impact (reciprocal 
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proportion) of p-value and importance of factor (0 – highest importance and 0.05 – lowest 

importance) it is necessary to subtract the result from 1. 

According to equation 6 is the importance of slope factor Vs computed as the sum of first, 

second, third and fourth level segments distracted from 1. The following lines show the 

application of formula. 
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The influence of slopes is in the upland even more intensive, the slope factor importance is 

0.99 in the upland. There were not created any significant groups as in the lowland data set 

(see highest values in tab. 9, Vineyards and Orchards and gardens, resp. Forestry and 

Grassland and pastures).  

Elevation 

The procedure was the same as in the case of slope factor. T-test (if the two samples descent 

from the same population) proved a statistical difference between the two samplings. Thus the 

optimisation had to be made separately for both sub-areas. Exponential transformation of the 

data was needed again. Post-hoc analyses revealed a group of three similar LU categories – 

LU for Orchards and gardens, forestry, and for grassland and pastures. These three lad use 

types are characterised with statistically same elevation characteristics. On the other side the 

LU categories for Vineyards and LU for Arable land are absolutely different and specific. 

Elevation was a good driver to distinguish the suitability of land use for Arable land or 

Vineyards. On the other side elevation is not a good decisive factor to advance Forestry, 

Grassland and pastures or Orchards and gardens. LU for Forestry and LU for Grassland and 

pastures built a group in lowland. The elevation factor had a greater importance in lowland 

(0.93) than in highland (0.9). 

Distance from urban areas 

The procedure for upland samplings was the same as in the case of slope factor. T-test (if the 

two samples descent from the same population) proved a statistical difference between the 

two samplings. Thus the optimisation had to be made separately for both sub-areas. The data 

in lowland was distributed according to normal distribution and Bartlett’s test proved the 

homoscedasticity (Tab. 10). There was no need of data transformation. In the case of data for 

upland was used logarithm transformation ln(x).  
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Tab. 10: Fit-of-Goodness test for distances from urban areas in lowlands 

Barlett’s test and Fit-of-Goodness test for normal distribution in lowland 

Class Statistics P-value Result 

LU for Forestry 34.01 0.17 H0 

LU for Arable land 17.75 0.91 H0 

LU for Gardens and Orchards 37.19 0.09 H0 

LU for Vineyards 37.87 0.08 H0 

LU for Grassland and pastures 38.02 0.06 H0 

Bartlett’s test 1.00 0.05 H0 

Factor distance from urban fabric had greater importance in upland (0.95) than in lowland 

(0.92). The density of population and surface of built up areas is higher in lowland. So the 

average distance was also higher in upland (744 m in lowland, 956 m in upland). Also the 

standard deviation was higher in upland (798 m upland, 468 m in lowland). In lowland the 

land use types formed more little groups, where little similarities could be found (LU for 

Arable land and for Grassland and pastures (P-value 0.12), LU for Arable land and for 

Orchards and gardens, LU for Orchards and Gardens and for Vineyards). The most diverse 

was the category of LU for Forestry. In upland there were only two small groups formed by 

LU for Forestry and for Grassland and pastures (P-value 0.084) respectively LU for Arable 

land and for Orchards and gardens (P-value 0.274). There were not found even small 

similarities expect these two groups. 

Distance from water bodies 

The procedure for upland samplings was the same as in the case of distance from urban areas 

factor. In this case the average values of two data sets were closer (514 m for lowland and 622 

for upland). T-test (if the two samples descent from the same population) proved a statistical 

difference between the two samplings. Thus the optimisation had to be made separately for 

both sub-areas. The homoscedasticity was rejected, so data transformation of both data sets 

was needed. In the case of lowland was exp(x/100) exponential data transformation chosen 

and in the case of upland samples sqrt(x) square root data transformation (Tab. 11). 

Tab. 11: Levene’s test after data transformation Source: Mudron 2013 

Lowland Upland 

Transformation Statistics P-value Result Transform. Statistics P-value Result 

No 9.6 1 10
-7 HA No 5.9 1 10

-4 HA 

Exp (x/100) 1.6 0.15 H0 Exp (x/100) 1.7 0.15 H0 

Ln 6.7 3 10
-5 HA Ln 3.9 4 10

-3 HA 

Root square 4.6 2 10
-3 HA Root square 1.3 0.28 H0 

Square 8.7 7 10
-7 HA Square 10.8 1 10

-8 HA 

Factor distance from urban fabric had greater importance in upland (0.94) than in lowland 

(0.92). In lowland the land use types formed one significant group (LU for Arable land and 

for Forestry and for Vineyards (P-value 0.25), LU for Arable land and for Orchards and 

gardens, LU for Orchards and Gardens and for Vineyards). The most diverse was the category 
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of LU for Forestry Grassland or pastures, which was easily distinguished using this factor. In 

upland there were two small groups formed by LU for Forestry and for Grassland and 

pastures (P-value 0.44) respectively LU for Arable land and for Orchards and gardens (P-

value 0.3). These groups were also grouped by distance from urban areas. Arable land and 

Orchards and gardens were close groups, what was more times underlined by partial results. 

Categorical data: Soils and Aspects 

The dependence of categorical on categorical (aspect, soils) variable was made in contingency 

tables. Test of independence is evaluating the dependence of categorical variable on another 

categorical variable - factor. In else, it evaluates if there is some kind of interrelation between 

the two variables. Column variable represented the cause (factor – soil, aspect) and the row 

variable was the dependent variable (type of land use). 

Before investigation of the data set was a brief insight into data helpful (Fig. 12 in Appendix). 

The proportion of soils in lowland and upland differed considerably. A test of Independence 

(Chi-square test) was used to determine whether or not the apparent differences between the 

soil types were statistically significant. The null hypothesis – the row and column 

classifications are independent. Alternative hypothesis – the row and column classifications 

are not independent [91]. There was a condition that the cell counts in contingency table 

overreached 5 (as few as minimum exceptions are possible). Thus the less frequent soils (<2% 

were joined to the category “Others”) or joined similar types of soils. T-test joined Haplic 

Luvisols and Calcaric Cambisols into one group (prevailing Vineyards) in upland, and 

Chernosols and Mollic Fluvisols in lowland. 

 

Fig. 8: Mosaic chart for land use types by soils in upland. Source: Mudron 2013 

Investigating the mosaic chart (Fig. 8) were some dependencies evident. Calcaric Cambisols 

and Haplic Luvisols were mainly under Vineyards, Albic Luvisols were equally distributes 

(expect Vineyards), Cambisols took the greatest proportion and were also relatively equally 

distributed, Planosols and Stagnosols were connected with Arable land, and Fluvisols with 

Arable land and Orchards and gardens. This influences had to be proved and quantified by 

test of independence (Tab. 12 is showing the interesting case of aspects in lowland, 1 LU for 

Arable land, 2 LU for Forestry, 3 LU for Grassland and pastures, 4 LU for Orchards and 
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gardens, and 5 LU for vineyards). Null hypothesis was set: The samples were independent (P-

value > 0.05). Alternative hypothesis: The samples were not independent. 

Tab. 12: Post-hoc analyses for aspects in lowland 

Result of post-hoc analysis (test of Independence) 

Type of LU P-value Type of LU P-value 

12345 0.000 (HA) 134 0.065 (H0) 

2345 0.000 135 0.000 

1345 0.000 245 0.000 

1234 0.128 (H0) 25 0.000 

1235 0.000 12 0.340 (H0) 

1245 0.000 13 0.035 (HA) 

123 0.169 (H0) 14 0.739 (H0) 

145 0.000 15 0.000 

124 0.330 (H0) 23 0.599 (H0) 

125 0.000 34 0.071 (H0) 

234 0.151 (H0) 24 0.130 (H0) 

345 0.000 45 0.000 

235 0.000 35 0.000 

Factor soils had greater importance in lowland (0.99) than in upland (0.97). In lowland were 

not formed any significant groups, in upland LU for Forestry and for Grassland and pastures 

(P-value 0.75) were the most significant group. On the other side Aspects were grouped in 

many groups and thus this factor had the smallest impact as well in lowland as in upland. The 

most significant group were all groups expect LU for Vineyards in lowland (Tab. 12). Factor 

aspects had greater importance in lowland (0.71) than in upland (0.69). The multicollinearity 

of both numerical and categorical factors was made by comparison of their significant groups 

of land use types. There was not find any couple of factors that had built the same groups of 

LU types. In else, every factor played a different role in distinguishing the land use suitability 

for LU types (Tab. 13). 

Tab. 13: Factor importance for the synthesis. Source: Mudron 2013 

Factor Upland <0-1> Lowland <0-1> 

Slopes 0.99 0.92 

Aspect 0.69 0.71 

Soil 0.97 0.99 

Elevation 0.90 0.93 

Distance from urban areas 0.95 0.92 

Distance from water bodies 0.94 0.92 

The main aim of study was the assessment of 18 parcels of arable land. The result was used to 

select abandoned parcels of arable land for agriculture. In the frame of the dissertation thesis 
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was added a more detailed computation of LU suitability for Vineyards and was also 

discussed the latest trend in rural land use and its impact on water erosion. 

LU suitability for Arable land was created overlaying six layers containing slope, distance 

from urban areas, distance from water bodies, soils, aspects and elevation information. There 

were used two approaches (one for numerical data and other one for categorical data).  

Categorical drivers (soil, aspect) were assessed according to Bayesian analysis. Bayesian rule 

(equation 7) took into account the proportion of Arable land on all land use types (P(AL) = 

0.18 in upland resp. 0.64 in lowland), proportion of particular soil (aspect) on all soils 

(aspects) and on arable land soils (aspects). 

)(

)(*)|(
)|(

SP

ALPALSP
SALP         (7) 

For example in upland, there were 276 Haplic Luvisols and 5980 Cambisols representing 

arable land samples (all arable land soils 10258). However, there were only 580 Haplic 

Luvisols together, while there were 44736 Cambisols (57 756 all soil samples). Applying the 

Equation 7, the probability of Arable land use is higher on Haplic Luvisols (0.48) as on 

Cambisols (0.13). Bayesian rule was applied to all categories of soils and aspects (Tab. 14). 

Tab. 14: Factor assessment of categorical data for the synthesis. Source: Mudron 2013 

Soil or Aspect Upland <0-1> Lowland <0-1> 

Bare Rock 0.00 0.00 

Cambisols 0.13 0.34 

Fluvisols 0.52 0.76 

Albic Luvisols 0.26 0.44 

Planosols and Stagnosols 0.66 0.60 

Haplic Luvisols 0.48 0.77 

North 0.14 0.56 

North-east 0.21 0.63 

East 0.24 0.65 

South-east 0.17 0.65 

South 0.17 0.66 

South-west 0.17 0.69 

West 0.15 0.65 

North-west 0.15 0.58 

Generally, data distributions of numerical factors were not normally distributed. So quantiles 

of robust distributions were used instead of “sigma-rules” and usage of the standard deviation. 

First, it was made the descriptive statistics for six Arable land datasets according to factors. 

The most important was the comparison of mode, mean and median. In the case of unimodal 

and not skewed distribution (mode ≈ median) it was possible to use the median and its 

neighbourhood as the best value (1) proportionally to the number of intervals (10 in our case). 

And the next 9 intervals were assessed according the absolute deviation from the value of 
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maximum. It is important to sort the data according to the absolute deviations in the case of 

skewed distribution. This approach followed the empirical data samples of LU for Arable land 

(10258 in upland and 32025 in lowland). In the case of other land use types and numerical 

drivers was the approach analogical. 

The most suitable slope for arable land use in upland was 1.098º. The data had to be sorted 

according to absolute deviation from maximum value. Also deviation values from maximum 

were needed to distinguish between lower and higher values than maximum value. 

Subsequently all values were classified (Tab. 15). For example the first decile (absolute 

derivation) was 0.335. It took 10% of most suitable slopes, so the most suitable value was 

averaged to 0.95. 

Tab. 15: Values of slope factor in upland. Source: Mudron 2013 

Interval Suitability Upper Quantile 

0 – 0.399 0.75 3
rd

 decile 

0.4 – 0.763 0.85 2
nd

 decile 

0.737 – 1.433 0.95 1
st
 decile  

1.434 – 1.797 0.85 2
nd

 decile 

1.798 – 2.46 0.75 3
rd

 decile 

2.461 – 3.249 0.65 4
th
 decile 

3.25 – 4.111 0.55 5
th
 decile 

4.112 – 5.021 0.45 6
th
 decile 

5.022 – 6.136 0.35 7
th
 decile 

6.137 – 7.658 0.25 8
th
 decile 

7.659 -10.03 0.15 9
th
 decile 

10.031 – 36.795 0.05 10
th
 decile 

36.796 + 0.00 Outside of range 

The suitability computation followed the equation 1 in Chapter 5. SALup is the computed LU 

suitability for Arable land in upland respectively SALlow in lowland: 
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The suitability for arable land was computed from factor importance, values of factors and 

scaling constant. Scaling constant was set to 6 because of the assigned factor values ranged 

from 0 to 1. There are six factors so the scaling constant equals the number of factors 

multiplied with maximal assigned value. The suitability for arable land was depicted in the 

fig. 9. The next step is the land use limitation according to erosion and other LU regulations. 
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Fig. 9: The suitability for arable land. Source: Mudron 2013.

 

6.1.6 Erosion modelling and land use limitation 

The second step was the identification of the limits and constrains of land use. In Slovakia the 

most serious problem regarding degradation of agricultural soil was the one posed by soil 

erosion. The second most endangered areas were the slopes, where the Neovulcanic formation 

met the Neogene geological structures in central Slovakia. Here was located the study area. 

Among the soils were the Haplic Luvisols the ones, which were mostly eroded. While Haplic 

Luvisols formed a significant portion of the research area, the study of erosion became even 

more crucial and necessary [91]. 

Because of previous experience (used RUSLE and USPED (both sheet and rill) models in the 

research area – Fig. 3 in Appendix), data validation, verification and main aim of the 

dissertation thesis, there was chosen the empiric model RUSLE 2. Other threats, such as wind 
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erosion, avalanches, debris flows, flooding did not considerably influenced land use. 

Furthermore were incorporated areas of protected landscape and nature, ground water sources 

and supposed reclamation areas into the model [91]. 

Verification of results was based on 284 sample spots. Previous experiences showed 

difficulties to represent the real state of the erosion by physical models [106, 91], although 

they are more precise. The main aim was to find land use that prevented erosion in situ. The 

Revised Universal Soil Loss Equation (RUSLE) is represented by the simple Equation 8, 

where A is the estimated average soil loss in tons per hectare per year, R is the rainfall-runoff 

erosivity factor, K is soil erodibility factor, L is slope length factor and S slope steepness 

factor, C is the cover management factor, P is support practice factor. Another factor is the 

tolerable soil loss (T – value), which was the acceptable limit of water erosion. 

PCLSKRA ****         (8) 

The R factor was calculated from the average annual precipitations (Tab. 16). The Kinetic 

energy of rain values were counted only for the station in Dolné Plachtince, and subsequently 

interpolated for the other stations (Tab. 16). 

Tab. 16: Factor R values. Source: Mudron 2010 

Station name H [mm] R = IE 

Dolné Plachtince 228 m.o.s.l. 584.1 14.22 

Čebovce 216 m.o.s.l. 579.2 14.10 

Nenince 172 m.o.s.l. 560.3 13.64 

Čelovce 346 m.o.s.l. 647.3 15.76 

Sucháň 499 m.o.s.l. 655 15.94 

Then the rest of the research area was divided into 5 parts, for which were interpolated the 

value separately. Just one station (Cebovce) was situated in the area. The most important 

attributes were the distance and elevation, the values ranged between 14.1 and 18.5 mm.  

K factor represented both susceptibility of soil to erosion and the rate of runoff. Soils high in 

clay components had lower K values (about 0.05 to 0.15), because they were more resistant to 

detachment. Coarse textured soils, such as sandy soils, had low K values (about 0.05 to 0.2), 

because of their low runoff even though these soils were easily detached. Medium textured 

soils, such as the silt loam soils, had a moderate K values (about 0.25 to 0.4), because they 

were moderately susceptible to detachment and they produced moderate runoff. Soils having 

high silt content were most erodible of all soils. They were easily detached; tended to crust 

and produced high rates of runoff (values greater than 0.4). Organic matter reduced erodibility 

because it reduced the susceptibility of the soil to detachment, and it increased infiltration, 

which reduced runoff and thus erosion. Addition or accumulation of increased organic matter 

through management such as incorporation of manure was represented in the C factor rather 
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than the K Factor. In RUSLE 2, factor K considered the whole soil and factor Kf considered 

only the fine-earth fraction (the material of < 2.00 mm equivalent diameter). For most soils 

was Kf = K. The K values ranged from 0 to 0.72 (Tab. 5 in Appendix). 

Factor L represented the effect of slope length on erosion. Slope length was the distance from 

the origin of overland flow along its flow path to the location of either concentrated flow or 

deposition. Fortunately, computed soil loss values were not especially sensitive to slope 

length and differences in 10% longer or shorter slopes had not a serious influence (especially 

in flat landscapes). Factor S represented the effect of slope steepness on erosion. Soil loss 

increased more rapidly with slope steepness than it did with slope length. The relation of soil 

loss to gradient was influenced by density of vegetative cover and soil particle size. L and S 

factors are usually considered together. It was computed in GRASS GIS, using water streams, 

digital elevation model, disturbed land, terrain that will block overland surface flow, 

maximum length of overland surface flow. Values of both L and S equal 1 for the unit plot 

conditions of 22.1 m. length and 9 percent steepness. GRASS’s LS values ranged from 0.59 to 

9192.  Since the LSfactor is a small number (usually less than one), it is multiplied by 100 

[181]. 

P factor referred to support practice. It reflected the impact of support practices on the average 

annual erosion rate. E.g.: it is the ratio of soil loss with contouring and/or strip-cropping to 

that with straight row farming up-and-down slope. Essentially, land cover can be understood 

as a support practice too. This influence was incorporated in C factor layer. Thus, terraces 

were the most common of all practices in the research area (without consideration of C factor 

- trees next to river banks, pastures and forest on steeper slopes etc.). In some areas was strip-

cropping practiced (based on ownership and long term human experiences) [91].  

Therefore the south-east slopes of spot height Devičí vrch had P value 0.2 due to terraces. 

Value of vineyards with strip-cropping was set to 0.25. Arable land, where were placed 

drainpipes for water drainage of arable land were assigned with a value of 0.125. The 

regulated streams (in two places) had value 0.01. Rest of the area has P value 1, because of no 

support practice. 

C factor referred to cover-management. The C factor was used to reflect the effect of cropping 

and management practices on erosion rates. The values (Tab. 17) were completed with 

average values of crops grew on arable lands. In the gardens were common potatoes (C value 

0.51), vegetables (0.45), legumes (0.05), sometimes cereals (wheat 0.15, barley 0.16), maize 

(0.61) and sometimes alfalfa (0.015). The average value for gardens was 0.405. 

In the orchards it is common to grow also alfalfa (0.015) or grass (bluegrass 0.001, brome 

grass 0.002 or weeds). The same stood for vineyards. These values were added to the P factor. 

The C values (for the 2 main cycles) for arable land were counted by the values for the 

suitable and grown crops. The first cycle had lower C value (0.14) and the second had 0.26. 

The mean value for non-irrigated arable land was 0.24, therefore the values were transparent. 

The first is suitable for less fertile soils (common in uplands) and the value was reduced by 
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fodder crops, which grew there in the beginning of every cycle. The values were not strict; 

they can vary with the alternative modifications of the cycle. 

Tab. 17: C factor values and prevention Source: Mudron 2010 

Prevention Land Cover category C factor  

High 
Green urban areas, Cemetery, Pastures and grassland, 

Coniferous, broad-leaved and mixed forest, Inland 

marshes, Fodder crops and other grassland 
0.001 – 0.01 

Medium Principally agriculture with natural vegetation 0.1 

Low Non-irrigated arable land, Complex cultivation patterns 0.165 – 0.335 

Very low Vineyards and orchards, Sparsely vegetated areas 0.35 – 0.55 

Special 

Urban fabric, Industrial or commercial units, Bare rock, 

Communications, Mineral extraction areas, Water bodies 
0 

Sport and leisure facilities 0.005 

To other land covers were assigned following values: Green urban areas (0.005), Cemetery 

(0.005), Pastures and grassland (0.005), Coniferous (0.004), broad-leaved (0.009) and mixed 

forest (0.007), Inland marshes (0.05), Fodder crops and other grassland (0.002, 0.003, 0.02, 

0.11), Non-irrigated arable land (0.14, 0.26), gardens (0.405), orchards and vineyards (0.45), 

transitional forest and shrubs (0.01), sparsely vegetated area (0.015),Urban fabric (buildings, 

courtyards), Industrial or commercial units, Bare rock, Communications, Mineral extraction 

areas and Water bodies (0). C factor layer contained together 22 features, some of them had 

more values. 

Factor T was the soil loss tolerance expressed in tons per hectare per year. The T value was 

not directly used in RUSLE. However, it was important in the view of conservation planning 

(Fig. 10). Soil loss tolerance was the maximum amount of soil loss in tons per hectare per 

year, what can be tolerated and still permitted a high level of crop productivity (sustained 

economically and indefinitely). Soil loss tolerance values represented the tolerable tons of soil 

loss where food, feed and fibre plants were to be grown. T values were not applicable to 

construction sites or other non-farm uses of the erosion equation. There were many limitation 

values, which were used in other researches. In the research the limitation followed the law 

(Tab. 18). The depth of soil was deduced from the 5
th

 and 6
th

 digit of BPEJ code and some 

terrain research (soil pits) [39, 91]. 

Tab. 18: Limit values of water erosion. Source: Law nr. 220/2004 

Soil type by depth Limit values [t/ha.year] 

Shallow soils - less than 0.3 m 4 

Moderately deep soils – 0.3 to 0.6 m 10 

Deep soils – 0.6 to 0.9 m 30 

Very deep soils – more than 0.9 m 40 
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Tab. 19: Soil erosion categories.  Source: Zachar 1982 

Level Intensity of erosion [t/ha.year] Category 

1. 0 – 0.749 SLIGHT 

2. 0.75 – 7.49 LOW 

3. 7.5 -22.49 MEDIUM 

4. 22.5 – 74.99 HEAVY 

5. 75 – 299.99 EXTREMLY 

6. 300 + CATASTROPHIC 

 

 

Fig. 10: RUSLE 2 annual soil loss in tons per hectare. Source: Mudron 2013

 

The aforementioned RUSLE formula was calculated in SW ArcGis. The spatial resolution and 

extend was the same for all layers (pixel of 2x2 m). RUSLE model computed the potential (in 

case of expected weather conditions) annual soil loss according to properties of localities 

represented by raster cells. 
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The results of water erosion modelling revealed few critical places (Fig. 10). The highest 

erosion was related to arable land, which was the most exposed land cover in research area. 

The most intensive occurrences were classified as heavy erosion (Tab. 19). Even thought, the 

most endangered areas were the steep slopes covered by forests in uplands. The erosion was 

here slightly smaller than in the case of most eroded arable land, but the affected soil cover 

had smaller depth and so was more vulnerable. The average value of annual soil loss (4 m
2
 

per pixel) was 0.26 tons per hectare. It was classified as slight erosion [141]. 

In case of LU for Arable land limitation by water erosion, it was necessary to model water 

erosion with arable land cover in whole area (for both crop cycles). In these scenarios were 

the erosion values increased (Fig. 13 in Appendix). The mean value (annual soil loss) for first 

cycle (c factor = 0.14) was 3.23 tons per hectare respectively 5.99 for the second cycle (c 

factor = 0.26). However, the main aim of this case study was to assess existing LU for arable 

land, rank them and chose the most suitable ones. So it was used the real states of erosion. 

Next investigated limits (Fig. 14) were protected landscape and nature areas, ground water 

protection and reclamation areas. The most important nature protection area is Nature reserve 

Čebovská lesostep (area of European importance), which is a subject to NATURA 2000 and 

to Act of NC SR No. 543/2002 on Nature and Landscape Protection. The forestry activities 

were limited just to elimination of non-indigenous species in this area. Actually the whole 

protected area is larger (213 ha) than the part in study area. The protected biotopes were Sub-

pannonian natural grasslands, Lime – maple debris forests, Carpathian and pannonian oak – 

hornbearn forests and Thermophilic pannonian oak forests. 

Next limitations were nature monuments Krehora and Kosihovský Kamenný vrch. Both of 

them were volcanic rock features. Kamenný vrch had a high variety of lichens species. Part of 

the Krehora nature monument was a forest steppe biotope. Protected site Cerinský potok was 

the one of only 2 places in Slovakia, where Epipactis albensis grows. First it was considered 

to be Czechoslovak endemic plant, but then it was found in couple more middle European 

places too. But this area on the banks of meandering river Cerina has the richest population. 

Parts of the research area were two old dump sites, which were closed and recultivated. These 

areas were selected as limitations because of the reclamation. Ground water protection 

contained two most important water sources and their surrounding protection area. Nowadays 

they are water sources for the village Cebovce. Five abandoned extraction sites and one sand 

extraction site were situated here also. 

All limits did not affect any locality of LU for arable land (Fig. 11). Thus all parcels of arable 

land are situated in suitable localities according to land use limits. Limitation of LU for arable 

land by territorial plan of Cebovce [192] was also considered. The consideration was based on 

functional zoning of real estate plan, public infrastructure, protection of nature, and plan of 

territorial development. 
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Fig. 11: Land use limitation. Source: Mudron 2013

 

6.1.7 Results and Conclusions  

The last step of optimisation is the decision and selection of appropriate change from the list 

of candidates (Tab. 20, Fig. 12). Some parcels of arable land did overlap the study area. The 

fact of overlapping parts was considered too.  

The highest suitability had the parcels 1, 2, 4 and 10. The parcels located in the southern 

lowland had higher suitability than the parcels located in upland. The lowest suitability had 

the parcel 15 in western part (Tab. 20). The fact that the less fertile arable land is supported 

with higher endowment makes the choice of best arable land parcels even more complicated 

(law nr. 488/2010 [153]). The grants are received according to LPIS, which contains all 

information about parcels (including orthophotograph map) [193]. The decision had to be 

made according the size of parcels, suitability, and availability (for lease or sale).  
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Tab. 20: Average suitability and total area for 24 arable land parcels 

Parcel 
Average  

suitability 

Total  

area [ha] 
Parcel 

Average  

suitability 

Total  

area [ha] 

2 0.6 14.8 16 0.37 9.5 

4 0.69 0.8 17 0.44 0.6 

1 0.59 36.7 18 0.36 8.1 

5 0.55 7.0 19 0.35 2.9 

10 0.6 0.3 21 0.38 21.1 

3 0.48 3.8 22 0.33 9.8 

9 0.54 1.8 23 0.37 17.2 

11 0.55 1.3 24 0.38 11.8 

12 0.54 18.3 25 0.40 0.7 

13 0.45 1.3 26 0.42 5.3 

8 0.49 12.0 27 0.40 3.9 

14 0.47 6.2    

15 0.20 2.9 All 0.47 198.8 
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Fig. 12: Land use suitability for arable land of existing arable land parcels. Source Mudron 2013 

In 2010 was assessed and optimised the same area by the prototype of aforementioned method 

in a pilot study [90]. The differences between the prototype and final version are: i) Result of 

prototype was not scaled down to between 0 and 1, ii) Computation of probabilities in 

prototype did not use Bayesian rule, iii) Different approach in assessment of categorical 

variables. The verification of the computed results was done by comparison of optimisation 

results with the current land use. The results lead to abandonment of 3 parcels. They had 

lowest values of all available parcels. There was one more exception, the parcel number 11 

and with 5
th

 highest suitability (Tab. 20), which was abandoned. The reasons were the 

complicated estates in land. The same problem was with parcel no. 3, which was in 2011 

vacant (Fig. 12, church property).  

If the optimisation follows a different scenario - for example the decrease of agricultural land 

to 77%, it will lead to abandonment of 23% of agricultural land (circa 46 ha) with lowest 

suitability (parcels nr. 15,22,19,18,16,24,25 and 17, Tab. 20). 

In an opposite scenario – an increase of land use for agricultural land, other land uses are 

changed to arable land. It is done according to computed suitability and cost of the change 

(abandoned land has to be preferred in the frame of sustainable development, for example 
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abandoned grassland or pastures, gardens and vineyards have the lowest investment into land 

use change, see Tab. 21). 

The results revealed a common tendency of land abandonment in rural areas of Slovakia. The 

vacant land was mapped in study area (Tab. 21). Brownfields are commonly related to urban 

areas. In rural areas they are represented with old abandoned housing units and agricultural 

structures. The abandoned land is connected with urbanisation process (people moving to 

larger cities), changes in lifestyle (life values and free time), and economic changes and 

transformation (1989 the biggest one). These changes led and will lead to abandonment of 

less suitable areas for particular land use types. “Greyfields” denoted vacant agricultural land 

in the frame of this study. On the other side there was a significant increase of open space 

(playgrounds, urban green areas etc.) in rural settlements. 

Tab. 21: Abandoned land in research area. Source: Mudron 2013 

 

Area [m
2
] Abandoned land 

Industrial units 45467.05 Brownfield 

Housing units 6243.22 Brownfield 

Commerce 665.63 Brownfield 

Forecourts and backyards 3288.07 Brownfield 

Garden 23244.94 Greyfield 

Grassland and pastures 76585.9 Greyfield 

Vineyards 13547.35 Greyfield 

Orchards 5348.28 Greyfield 

Shrubs and transitional forest 61513.01 Greyfield 

All 235903.45 
 

The study revealed that vineyards are not suitable and common in the upland. They are grown 

only occasionally in favourable areas with suitable microclimate.  

Uplands have greater variance in values, smaller land use suitability for agriculture, more land 

use for forestry. The factors have greater influence in upland. 

Aspect has the smallest influence among all drivers. The drivers are not distributed according 

to normal distribution (expect distances in some cases). 

Society is facing big challenges. Young people are moving to cities (job opportunities). 

Import of cheaper goods had increased the competition. Economic crises and transformation 

causes changes in land use. 

Pressure of competing land uses in rural areas is weakening in comparison to choice of best 

possible localities and ownership in decision making. More vacant land represents more 

possibilities of land use changes and more available candidates in decision making. 

Abandoned land slightly decreased the erosion impact. Most of the land is properly managed 

according to soil erosion. 
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6.2 Becva river catchment case study 

The second study is dealing with proposal of land use changes to aquatic ecosystems in Becva 

inundation area. This case study focuses on flooding and its impacts on human activities. It 

combines two goals of land use optimisation: i) the increase of biodiversity, ii) protection of 

human activities affected by floods. 

6.2.1 Abstract  

The main aim of Becva catchment case study is to demonstrate the protection and limitation 

of human activities in potentially endangered areas by floods. Protection is attained through 

regulation of river, building flood protection barriers and changes in land use. Land use 

changes to aquatic ecosystems are most fitting because of their natural occurrence in 

inundation area. Aquatic ecosystems (e.g. wetlands, meanders) hold more water, cause time 

delay, and reduce the velocity of river flood wave. Human activities excluded in flooded area 

are listed according to law no. 254/2001 (Czech Republic).  

This paper presents the practice and result of hydrodynamic modelling in HEC RAS. Results 

of hydrological modelling (for Q1, Q5, Q20 and Q100 discharges) were used for better 

assessment and delineation of aquatic ecosystems and limitation of human activities. In the 

study is compared inundation area modelled according to the current digital terrain model 

with the modelled real inundation area in the Becva catchment.   

The result of this study are land use change proposals of potentially flooded areas regarding to 

the sustainable development and ecological stability. The study revealed the effect of 

anthropogenic activities and water regulation on the flood area. We compared the size of the 

area and the type of land use of flooded areas. Special emphasis was taken on aquatic 

ecosystems (especially wetlands). The result of our proposals is also to maintain and improve 

biodiversity and ecological stability in the area. The whole study and results are based on 

integrated river basin approach. 

6.2.2 Study Area 

The case study was carried out in Becva catchment. It is located in the eastern part of Czech 

Republic and is around 1620 km
2
 large in size (Fig. 13). River Becva is the chief river of the 

drainage system and is 61.2 km long. The Becva has two major tributaries, the Vsetincka 

Becva and the Roznovska Becva. It primarily drains the water from the Carpathian mountain 

areas into the river Morava and so form an important connection between these two different 

landscapes. The altitude ranges between 196 and 1207 meters a. s. l. The study is a part of 

Outer Carpathian depression, Western Beskids and West-Beskidian Piedmonts 

geomorphological units. The region contains diverse landforms ranging from flats in west to 
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steep rugged mountain slopes in east. The area is a part of climatic MT10 district [105]. It is 

characterised by short moderate warm spring period followed by long, warm, moderately dry 

summer and moderately warm autumn. The winter is short, moderately warm and dry with 

short period of snow cover.  The average annual precipitation is 680 mm (less in the flats, 

more in the mountains). The annual average temperature varies between 7.5 and 8.5 °C [123].  

 
Fig. 13: Becva River basin. Source: Mudron et al. 2013 

Although the study focuses on inundation area of river Becva, the whole catchment was set as 

study area. The study is made in the frame of integrated river basin approach, in which 

solutions are sought also outside of inundation area. The solutions have to be coordinated 

throughout a river basin if they are to be effective [157]. 

6.2.3 Data Sources  

The input data for hydraulic modelling is divided into two groups: topographic data and 

hydraulic data [103]. Topographic data sources were DEM derived from contours and 

topological maps (1:10000, resolution 10 m.) [163], geometry of gauging profiles (stream 

geometry) [199]. Hydraulic data included roughness coefficients (in the range of 0.03 to 0.05 

according to riverbed, values outside of riverbed were calculated from land cover layer) [154], 

discharges (Q1, Q5, Q20, Q100) of 19 water gauging profiles [199], database DIBAVOD data 

[191], groundwater protection zones [163]. The input data for analysis were Corine 

Landcover 2006 [154], Water Act, so no. 254/2001 [183], protected areas (Natura 2000 

Special Protection Areas) [183, 191]. 
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6.2.4 Land use and Land cover 

The surveyed area was classified into 6 land use categories (Tab. 22). Categories were 

selected according to the location of inundation area, possible future development and 

prevailing land cover. The study area delineation was based on land use limitation of active 

zone by water law (254/2001, head 9 and paragraph 67 and 236/2002). In land use change 

proposal were five, twenty, one hundred year floods investigated. These areas were fully 

covered by Q100 flooded area. Land use types are further divided into two categories 

according to limitation in active zone of flood. 

Tab. 22: Land use and land cover proportion in active zone of Q100 and Q100 flood. Source: Mudron 2013 

Land Use type Land Cover type Limited Area Q100AZ Q100 

LU for Agriculture All No 1910.39 5398.6 

 
Complex cultivation patterns No 57.51 127.43 

 
Land principally occupied by agriculture No 587.95 1398 

 
Non-irrigated arable land No 1251.75 3718.5 

 
Pastures No 13.18 154.67 

LU for Built up area All Yes 97.99 1130.61 

 
Discontinuous urban fabric Yes 70.67 809.86 

 
Industrial and commercial area Yes 27.32 311.29 

 
Construction sites Yes - 9.46 

LU for Transportation All No 0.14 17.73 

 
Road and rail networks and related area No 0.14 17.73 

LU for Forestry All No 607.05 914.28 

 
Transitional woodland – shrubs No 109.24 110.14 

 
Broad leaved forest No 472.41 700.26 

 
Coniferous forest No 0.01 22.61 

 
Mixed forest No 25.39 81.27 

Recreational LU All No 64.06 96.8 

 
Green urban area No 4.6 13.94 

 
Sport and leisure area No 59.46 82.86 

Other suitable LU types All No 77.04 162.5 

 
Water bodies (lakes, ponds etc.) No 72.67 155.12 

 
Wetlands No 4.37 7.38 

Other unsuitable types All Yes - 4.32 

 
Extraction sites Yes - 1.5 

 
Dump site  Yes - 3.82 

TOTAL AREA ALL Yes/No 2756.67 7725.84 

River basin is covered by forests in the hilly eastern part merely and by agricultural land in 

western lowland. It is natural that river Becva inundates in western lowland more often. The 

most of the inundated land is used in agriculture (69.3%). Non-irrigated arable land is major 

land cover because of suitable properties of soils, terrain and groundwater table. This land use 

is not limited in active zone according to law. 
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Land use for forestry is the second largest category. The majority of forests are broad leaved 

floodplain forests. Also protected preserves are of great value (Zebracka next to city Prerov). 

Land use for forestry is not limited in active zone according to law. 

Land use for built up area is excluded by law from the list of suitable land uses in inundation 

area. In the active zone are built up areas (97.99 ha), although of its limitation. Other excluded 

LU (extraction sites, dump sites, camping, etc.) are not present in active zone. 

Land use for transportation contains only one location in city Valasske Mezirici. Recreational 

land use is represented by green urban area and sport and leisure areas. Suitable land use types 

involve water bodies and wetlands and take only 3% of the active zone of Q100 inundation 

area.  

6.2.5 Land use optimisation 

In this case study we assume that the land use is optimal regarding to competing land use 

types. The proposed changes in land use are made according to flood hazard. 

There are two possibilities how to deal with flood protection. First possibility is faster 

drainage of water or increased flow capacity of river channel. Riverbed is adjusted to larger 

discharges because of higher levees, eliminated barriers of water flow, changed geometry of 

channel, etc. It is a local solution of problem, because the potential hazard is shifted 

downstream. The other possibility is higher retention of flood water in landscape. This is 

managed with land use / land cover changes, building of retention ponds, dry polders, etc. The 

impact of land cover / land use on flooding was highlighted in many studies [126].  

Protection is attained through regulation of water flow and proposal of changes in land use. 

Land use changes to aquatic ecosystems are most fitting because of their natural occurrence in 

inundation area. Aquatic ecosystems (e.g. wetlands, meanders) hold more water, cause time 

delay, and reduce the velocity of river flood wave. They increase also biodiversity and 

landscape stability in agricultural landscape. Loss of biodiversity stems largely from the 

habitat loss and landscape fragmentation. The goals of land use changes are: 1) protect 

humans and their activities; 2) sustainable development and landscape stability. 

6.2.6 Flood modelling 

Flood modelling was simulated with tool HEC-RAS which is a one-dimensional model 

developed by the Hydrologic Engineering Center (HEC) of the U.S. Army Corps of Engineers 

(USACE). It is used to simulate both steady and unsteady flow, sediment transport and water 

quality in natural and man-made channels. HEC-RAS model also simulates and predicts 

subcritical and supercritical flows, both in natural and artificial riverbeds of a simple or 

composite profile. Its basic computing mechanism is based on the Bernoulli Equation and the 

Manning Equation [51, 52, 103].  

The process of creating the schematization of study area was made in ArcGIS using HEC-

GeoRAS preprocessor. The development of schematization included creation of basic line 
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themes pertinent to developing geometric data for HEC-RAS (stream centreline, channel 

banks, flow paths, measured 19 cross section cut lines, levee alignment etc.).  

It was simulated steady flow for 1, 5, 20 and 100 years floods (Q1, Q5, Q20 and Q100 

discharges). The boundary condition was set as downstream critical depth. The flood was 

modelled to fit the water discharges for gauging stations (Tab. 23). Also other gauging 

stations (Vsetin, Roznov p. R., Dluhonice, Teplice n. B.) were used.  

Tab. 23: Selected N-years discharges of river Becva. Source: [199]. 

Discharge 
Roznovska Becva 
Water flow [m

3
s

-1
] 

Vsetinska Becva 
Water flow [m

3
s

-1
] 

Becva 
Water flow [m

3
s

-1
] 

Q1 67 151 239 
Q5 161 274 452 
Q20 250 370 616 
Q100 441 547 908 

Flooded area was calculated for Q1, Q5, Q20 and Q100. The first simulation was made 

without human regulation of water. The resulting flooded area was determined only on digital 

elevation model, land cover and discharge. This was done to view the natural depressions and 

sinks, which are important in aquatic ecosystem delineation [86]. The flooded areas based on 

DEM were compared with simulated inundation areas with water regulation (Fig. 14).  

 
Fig. 14: Example of simulated floods near Valasske Mezirici. Source: Mudron 2013 

There are many institutions (research, governmental, insurance companies, etc.) dealing with 

flooding and flood risk. In Czech Republic is open access to data of inundation areas, 

aquifers, floods, and groundwater protection zones, etc. for non-commercial use (IZGARD 

[167], DIBAVOD [191], GeoPORTAL [163]). This data are essential for proper land use 

management regarding to water element. 



Mudroň I.: Land use change and optimisation regarding to natural hazards 

83 

 

6.2.7 Results 

Contemporary land use is not suitable in inundation area of Becva. Human lives and material 

are endangered through potential floods (Tab. 24). Buildings (all – commercial, industrial, 

housing, etc.), extraction sites, dump sites, camping sites, temporal accommodation, fences 

and other barriers of water flow are excluded directly through the law. The limitation has to 

include arable land in frequently flooded areas, construction sites, road and rail networks and 

other.  

Tab. 24: Unsuitable land employment in inundation area. Source: Mudron et al. 2013 

Landscape employment Q5 Q20  Q100 

Mineral extraction sites - 1.2  1.5 ha 

Road and rail networks and related area 0.8 3.0  17.7 

Construction sites 3.9 6.8  9.5 

Discontinuous urban fabric 77.5 258.3  809.9 

Industrial and Commercial areas 76.0 128.1  311.3 

Dump sites 0.2 0.2 - 3.8 

Humans considerably altered river flow and inundation. Spatial distribution of flooded surface 

was changed by river regulation. This fact is the result of comparison of modelled inundation 

areas based on DEM, channel geometry and land cover with the modelled flooded area based 

on water regulation. Flooded surface of simulation based on regulated water was smaller in 

the case of Q5 flood (16% difference, 26.1 km
2
 vs. 30.2 km

2
). On the other hand, the flooded 

area of Q20 and Q100 was larger (13% resp. 46%). Thus, current flood protection and water 

regulation is effective in the case of small (Q2, Q5, Q10) and more frequent floods in the 

Becva river basin. In the case of larger floods is the impact of flooding on landscape (larger 

impacted area) and human activities (larger areas of arable land, urban fabric, communication, 

and infrastructure) greater. 

The inundation based on DEM was concentrated more in the upper parts of the Becva 

catchment. In simulations were modelled large inundations near Roznov p. R., Zubri, 

Valasske Mezirici, Hustopece n. B. and Prerov. Water regulation and flood prevention shifted 

the flooded areas more downstream (e.g. aforementioned Roznov p. R. and Zubri). The water 

is drained away faster and it includes two general problems: 1) problem of flood risk is shifted 

downstream instead of mitigation of the natural hazard in situ; 2) loosing water rapidly in the 

river basin. Retention of water represents a gain for the water regime and it takes away some 

of the burden in floods. Retention of water is one of the goals of EU water policy [158]. 

The proper solutions of flood protection were identified with national law and EU directives. 

First the deforestation in mountainous parts of Becva river basin has to be stopped and 

replaced by sustainable forest management with selective harvesting (aerial images of study 

area show large-scale timber harvesting). The impact of forest cover was emphasized in many 

studies [127]. Water retention in ideal catchment starts in upper parts of river-basin, where 

forest cover is dominant. Land use changes are the main driver of possible improvement of 

flood hazard. My two proposals (Fig. 15, Fig. 16, in collaboration with co-authors [86]) 
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giving rivers more space, focuses on aquatic ecosystem restoration, avoiding human activities 

which contribute to an decrease in the likelihood and adverse impacts of flood events. All 

three proposals are in coherence with national law 254/2001 and EU directives 2007/60/EU, 

2000/60/EU. 

Fig. 15: Proposed land use changes near Osek nad Becvou. Source: Mudron et al. 2013 

In first case, land use changes are proposed near Osek nad Becvou (Fig. 15). It is situated 1.5 

to 9 km upstream from city Prerov. The proposed aquatic ecosystem and its buffer zone are 

spatially adjacent to natural preserve Zebracka. It stretches alongside river Becva upstream to 

Lake Jadran (land use for leisure). The proposed aquatic ecosystem is based on remnants of 

historical river Becva (Oxbows, old channel and meanders) and current land employment. 

Function of proposed ecosystem are retention of water, strengthen the functions of regional 

bio-corridor (exchange of genes, information, energy), establishment of shelter and habitat for 

animals, improvement of flood protection, improvement of biodiversity and ecological 

stability. 

In Second case, land use changes are proposed near Lipnik nad Becvou (Fig. 16). It is situated 

upstream of city Lipnik nad Becvou. It stretches 4 km along the river and contains National 

preserve Skrabalka. The proposed river arm is also based on remnants of historical Becva. 

The river arm and wetlands have same functions as in the aforementioned case. 

Polders are good practice to mitigate the effect of floods (Fig. 17). Natural depressions and 

sinks were flooded using the simulation based on DEM. In combination of suitable land use 

(in this case LU for arable land), natural depression and flood risk are selected best locations. 
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 Fig. 16: Proposed land use changes near Lipnik nad Becvou. Source: Mudron et al. 2013 

 Fig. 17: Proposed polder near Nove Dvory. Source: Mudron et al. 2013 
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Wetlands assessment was the next point. Similar studies are useful for assessment and 

delineation of aquatic ecosystems in ecohydrology [86]. The most suitable wetlands are 

located in favourable original places in natural depressions. Topology is also important. The 

vicinity of river is maintaining the connection of wetland with other ecosystems. Genetic 

material (seeds), animals, material, water etc. are transited through flooding. Only a well-

connected ecosystem retains its full functionality. Fragments of old river Becva channel are 

suitable for wetlands and nature preservation. However, water regulation and artificial flood 

protection practice weakened the integration of wetlands in ecological network (e.g. 

Chorynsky wetland, Fig. 14 in Appendix). It was summarized the location of water bodies 

and wetlands in relation to modelled floods (Tab. 25). Larger areas of wetlands and water 

bodies are located in natural depressions and sinks. Many times they are the remnants of old 

river channel. Wetlands are not the primary goal of land use policy. They usually take the 

unsuitable places for other land employment. 

Tab. 25: Total area of wetlands and Water bodies in flooded areas and their intersections 

  Q5 x Q5DEM Q20 x Q20DEM Q100 x Q100 DEM 

Water bodies 38.8 20.7 132.7 139.8 90.4 143.5 155.1 110.1 161.3 
Wetlands 3.9 0.3 4.1 5 0.5 5.4 7.4 1.9 11.1 

The resulting proposals were compared with territorial system of ecological stability, which is 

a nationally respected document incorporated also in legislation of Czech Republic. We found 

that floodplain forests and wetlands are reducing the destructive impact of floods, increase 

biodiversity and represent significant habitats and refuges for living organism in the Becva 

catchment. These areas should be protected and limited to human activities. 
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6.3. Magurka settlement case study 

The third study is dealing with urban sprawl in the mountainous area of north Slovakia. The 

optimisation is focused on optimisation of land use for forestry, discontinuous urban fabric 

and agriculture (pastures and grasslands). 

6.3.1 Abstract 

The main aim of this study is land use optimisation for building structures in mountain area. 

Snow avalanche risk assessment is essential in urban and territorial planning of mountain 

regions. Almost every territorial plan in Slovak mountain area is missing a deeper or at least 

any snow avalanche risk study. In this paper is showed the importance of snow avalanche risk 

assessment for spatial planning, which is highlighted with a real case study of settlement 

Magurka [93]. 
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Snowfall records, snow avalanche cadastre, historical avalanche reconstruction, avalanche 

simulation, observation in terrain and scenarios with various initial conditions have been used 

to delineate the impacted. The research also evaluates the prevailing land use management 

regarding to avalanche hazard. Special emphasis was taken on prevailing built up areas and 

infrastructure. Six buildings are directly affected with snow avalanche risk. Ten additional 

buildings are potentially affected in case of even more catastrophic scenario (lower risk). In 

three cases is a part of road network affected [93]. Proposed changes were suggested. 

Territorial plan of Partizánska Ľupča, where settlement Magurka is southern part of it, 

comprehend clear deficiency regarding to missing avalanche risk assessment. This study 

shows the importance and practice of risk assessment. Results were used to assess the most 

suitable parcels for land use change and to avoid building new endangered structures in 

avalanche hazardous regions.  

6.3.2 Study area 

The research area is located in Magurka settlement. Magurka is southern part of the cadastre 

of village Partizánska Ľupča (Fig. 18). It is situated just underneath the main mountain range 

of Nízke Tatry (i.e. Low Tatra Mts., Fig. 5 in Appendix). The part of this area (between 

valleys of Ďurková and Močidlo) is located on slopes with enhanced risk of snow avalanche 

hazard. 

 

Fig. 18: Settlement Magurka as a part of cadastral unit Partizánska Ľupča. Source: Territorial plan of Partizánska 

Ľupča, 2013. 

The urban sprawl in this touristic attractive location is noticeable over the previous years, 

when new areas have been built up with cabins and recreational buildings. The building of 

structures was legalised through changes in territorial plan of Partizánska Ľupča municipality 

(Fig. 18). The study area is 489 051 m
2
 large (Fig. 6 in Appendix). Settlement Magurka was 

originally a mining settlement. In the surrounding area are still remains of mining activities 

(piles, pits, reservoir etc.). The contemporary transformation of historical mining settlement 
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has to attract new tourists and sell properties for recreational purposes. Settlement Magurka 

has a high recreational potential for its position underneath the main range of Nízke Tatry, 

clean air, distant and quiet location. 

6.3.3 Data Sources 

The data sources used in this case study are territorial planning documentation of the cadastre 

(most important was territorial plan of municipality Partizánska Ľupča) [201], KAPOR 

(online cadastral portal, Fig. 7 in Appendix) [168], historical snow avalanche records and data 

from AWS, historical maps, aerial images (50 cm / 1 px) [185], terrain research including 

GPS (GPS Trimble GeoXT + post-processing method of SKPOS [184]) measurements (Fig. 8 

in Appendix), DEM (based on 1:5000 maps) derived from contours and topological maps 

(1:10000) of Slovak republic [161]. 

 

6.3.4 Land Use and Land Cover 

The surveyed area was classified into 5 land use categories (Tab. 26). Categories were 

selected according to the location in the Nízke Tatry Mountains, possible future development, 

cadastral units, and prevailing land cover. Land use and land cover is influenced by the 

position of research area in the national park. It is situated in second zone (sometimes 

mentioned as B zone), thus some types of land employments are restricted. Especially the 

land practices related to environmental and noise pollution are excluded. It is obvious that LU 

for forestry and especially coniferous forest land cover type is major. It covers most of space 

outside of settlement residential area. Land use for built up areas is mainly related to 

recreational structures with belonging properties (courts). The settlement has only 4 

permanent residents. The LU for agriculture is mostly represented by grasslands. Grasslands 

are generally vacant properties without any use of land. So the municipality of Partizánska 

Ľupča decided to sell these properties and open the part of surrounding area recreational use. 

It should restart and trigger the interest for properties in the area. Building permission is 

granted through the territorial planning documentation (Fig. 18). LU for transportation is 

concerned with built up areas and forestry. Roads access forest for timber and buildings for 

living. 
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Tab. 26: Land use and land cover proportion in the Magurka study area. Source: Mudron 2013 

Land Use type Land Cover type Total Area 

LU for Agriculture All 96 823.09 

 
Orchard 735.27 

 
Garden 1 293.77 

 
Arable land 591.55 

 
Grassland 9 4202.5 

LU for Built up area All 46 741.13 

 
Building 6 762.12 

 
Cemetery 488.28 

 
Church 166.01 

 
Forecourt or courtyard 27 791.49 

 
Green urban area 1 493.18 

 
Sparsely vegetated urban green 6 456.10 

 
Sport and leisure areas 3 583.95 

LU for Transportation All 34 379.54 

 
Main road 5 282.52 

 
Paved road 6 186.95 

 
Forest paved road 8 173.33 

 
Unpaved road 4 169.29 

 
Fores unpaved road 10 567.41 

LU for Forestry All 296 768.80 

 
Coniferous forest 236 720.53 

 
Sparsely vegetated forest 35 668.22 

 
Shrubs or transitional forest 22 499.69 

 
Broad leaved forest 986.92 

 
Forest depot 893.42 

Unclasiffied LU Mountain stream 14 338.46 

TOTAL AREA 489051 489051 

6.3.5 Land Use optimisation 

This case study focuses on LU for built up areas, especially for recreation use with regard to 

snow avalanche risk. In the first step is computed the suitability for LU for built up areas and 

subsequently in second step are delineated the limits of land use according to snow avalanche 

risk. Suitability is based on 217 samples gathered from settlement Magurka, Donovaly and 

Špania Dolina municipalities. All of them are in mountain area situated localities, which are 

touristic-attractive places. Only samples with forestry, agriculture and built up areas were 

selected. LU for transportation is dependent on aforementioned employments of land use. 

Thus it was skipped. It is assumed that development of transportation net is done in cohesion 

of other types of LU. However, the distance from the communications is one of the decisive 

factors, which was not excluded from the analyses. Next investigated factors were slope, 

aspect and distance from communication. The optimisation in this case is much more 

comfortable and less time demanding. There are only four factors and three land use types in 

the factor importance analyses. The factor importance is calculated from fewer hypothesis 
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tests. And there is just one set of samples, so there is no need of t-test (if the two samples 

descent from the same population). This is the first difference between the Cebovsky Potok 

arable land optimisation and this case. 

The next difference was in dependence of LU categories on aspect (categorical explanatory 

variable). There has been used cross-tabulation. The proportion of the aspects for LU looks 

quite equally, with slightly higher portion slopes having north and southwest aspects (17 

respectively 15%). The Chi-square test of independence (p-value 0.291 for all three land use 

types) did not proved the statistically significant dependence of land use types on aspect 

factor. One of the solutions is to increase the number of samplings and to repeat the test. On 

the other side the distribution of real state of aspects is not uniform in the research (Fig. 9 in 

Appendix). North (35%) and north-west (24%) slopes are prevailing, while south, south-east 

and east slopes take less than 1% of the area. The portion of north and north-west slopes is 

even more dominant in residential area. Thus this factor was not furthermore investigated. 

Slope was next investigated factor. Homoskedasticity was not rejected by Levene test, but the 

Fit-of-Goodness test rejected the normal distribution. Thus Kruskall–Wallis test, a non-

parametric method for testing equality of population medians among groups, was used to 

compare slopes attributes. For the other numerical factors (distances from communications 

and infrastructure) has to be used Kruskall-Wallis tests also. The tests proved the dependence 

of land use types on slopes and both distances. Subsequently was made LSD analysis and 

computed the importance of factors based on p-values (equation 6 in Chapter 6.1.5, tab. 27).  

Tab. 27: Factor importance for the synthesis. Source: Mudron 2013 

Factor Importance <0-1> 

Slopes 0.874 

Aspect - 

Distance from infrastructure 0.957 

Distance from communication 0.629 

According to number of land use types (3), there are together 2 levels in which are six 

hypothesis tests. In the first level is tested the influence of evaluated factor on distinguishing 

all three land use types. In the second level is evaluated the influence of factor on all three 

pairs of land use types. For example in the case of distance from infrastructure are 

summarized the results of tests in tab. 28.  

Tab. 28: Post-hoc analysis of distance from infrastructure. Source: Mudron 2013 

Type of LU P-value 

All three LU types 0.00000 

LU for built up areas, LU for forestry 0.00000 

LU for forestry, LU for agriculture 0.01202 

LU for built up areas, LU for agriculture 0.00082 
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According to equation 6 is the importance of factor distance from infrastructure Vdi computed 

as the sum of first and second level segments distracted from 1. The following lines show the 

application of formula. 
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LU suitability for built up areas was created overlaying three layers containing slope, distance 

from communication and distance from infrastructure information. The probability 

distributions of slope and both distances are not normally distributed. First, it was made the 

descriptive statistics for three datasets according to factors (Tab. 2 in Appendix). Build up 

areas depend on attributes of parcels (properties). In the beginning, the most important 

attributes of parcels are considered for placement of building. Thus there was computed the 

suitability for buildings in the research area. The descriptive statistics are listed in the Tab. 2 

in Appendix. It is important to remember that LU for Buildings is a subset of LU for Built up 

areas. The maximums and means are smaller in all cases. In general, it means that the 

buildings (mean values) are situated closer to the communications, electrical power and water 

supply and they are on lower slopes. The factor values were divided into five categories 

according to robust distribution of data (Same approach than in the case of Cebovsky Potok 

upper river-basin). The suitability computation followed the equation 1 in Chapter 5.  

300

629.0.

300

957.0.

300

874.0. DfCDfIS
BuA

VVV
S    

The suitability for build up areas and buildings was computed from factor importance, values 

of factors and scaling constant. Scaling constant was set to 300 because of the assigned factor 

values ranged from 0 to 100. There are three factors so the scaling constant equals the number 

of factors multiplied with maximal assigned value. The suitability for buildings depicts the 

fig. 19 and the suitability for built up areas is depicted in the same figure in upper section. The 

main purpose of most land use change is the decision to build a housing unit in the area. Thus 

the suitability for building structures will be preferred in this study. The next step is the land 

use limitation according to snow avalanche risk.
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Fig. 19: Land use suitability for built up areas (up) and for building structures (down). Source Mudron 2013 

6.3.6 Snow avalanche risk assessment 

Avalanches are natural processes in mountain regions. The most favourable sites are slope 

angles between 25°–55° [80]. Settlement Magurka is underneath these dangerous slopes and 

also was confronted with this natural hazard in the past. The historical review revealed the 

fact that Slovak settlements were confronted with snow avalanche hazard. The most 

catastrophic event happened in 1924, when a huge avalanche released from the slopes of 

Križná and run through the settlement Rybô. It killed 18 people and the upper part of 

settlement was never restored. Snow avalanche damages did not stop over the previous years. 

The chalet Rysy was fully destroyed in 2000 and a new one was built in the same avalanche 

prone area. There is lack of studies, even in mountain avalanche prone areas, which would 

regulate urban sprawl according to avalanche risk in Slovakia. This study is here to emphasis 

the problem of missing studies about snow avalanche hazard. 
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Many settlements expanded towards the mountainsides, where no buildings had stood before. 

Plus more people are coming to the mountains and spending more time in the countryside. 

Thus the risk of catastrophic occurrence is significantly increased. The importance of dealing 

with snow avalanche risk is more topical than ever in Slovakia. The risk should be considered 

before taking any human activities in mountain areas. Best it should be legislatively 

incorporated in territorial planning. 

The idea of using snow avalanche risk as a criterion for hazard zoning is discussed. The 

definition of acceptable risk should depend on location and intended human activities in this 

area. The loss of human lives should be a dominant factor when considering the acceptability 

of risk for the society [47]. Thus this paper focuses on built-up areas and infrastructures, or 

areas intended for development. Intended built-up areas are properties with any form of 

planning permission or properties found inside of a residential, commercial etc. zone although 

there have not been built any structures yet. Slovakia does not lack for space and proper 

building plots. Therefore it is important to reduce the risk to minimum. The risk based 

acceptability criteria represents any harmful snow avalanche hazard to the areas with built or 

proposed structures. So it includes also people living or remaining inside of them. Limit of 

acceptable risk or limit at which protective actions should be initiated is set very low to 

protect as much lives as possible and avoid almost all material damages. Tab. 3 in Appendix 

is showing low avalanche hazard criteria for chosen European countries and our study. Tab. 4 

in Appendix inform about potential damage caused by average impact pressure of snow 

avalanche. 

The basis for snow avalanche hazard assessment was the historical avalanche Magurka 1970, 

when 4 people were killed. It can be categorised among the greatest avalanches ever observed 

in Slovakia [107]. Derivation of friction and other terrain parameters, delineation of potential 

release zones is based on reconstruction of this historical event (Fig. 20). Other snow 

avalanche observations were taken into consideration too. Hazard mapping criteria used in 

this study is even worse unfavourable long-lasting snow and weather condition than in the ase 

of the avalanche 1970 [107] and simulation of next scenarios.  

 

Fig. 20: Maximal snow height according to avalanche reconstruction (a) captured in historical photo 

(b). Source: Mudron et al., 2012. 
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Correct identification of release zones is crucial for proper simulation. The release zones (e.g. 

Fig. 21) were identified by the terrain parameters, land cover and empirical data - previous 

snow avalanche observations. The snow avalanche reconstruction leads to proper calibration 

of parameters and conditions (terrain roughness, friction etc.). It is assumed that the simulated 

and local (neighbouring) slopes have the same or at least close characteristics.  

 

Fig. 21: Identification of potential release zone, example of Viedenka valley. Source: Mudron et al., 2012 

In this study we tried to avoid any harmful consequences to reduce risk as much as possible. 

Land use for buildings is limited to point where the risk is reduced to minimum. So we 

excluded all hazardous areas from land for development, whatever they carried low or high 

risk (Fig. 22). The highest risk of avalanche threat is in the valley of Viedenka (Fig. 10 in 

Appendix). This figure describes the impact area of snow avalanche, its volume, height of 

release zone, endangered cabins and height of snow deposition. Together 32 properties with 

14 structures are endangered and more than 456 m of roads is endangered inside of the 

research area (Fig. 22). The avalanche risk assessment was made between valleys Magurka 

and Močidlo. Avalanche assessment was made in four valleys. Only the Viedenka valley 

introduces potential snow avalanche risk in the research area. However, in the surrounding 

localities are also endangered power pole and another part of the paved road network by snow 

avalanches. The following objects should be protected against the avalanches or removed. 

Building a snow avalanche barrier will be a suitable solution. The problem of Viedenka valley 

is more complex, because of greater risk. The comprehensive plan of Partizánska Ľupča 

should take in consideration the existing snow avalanche risk before any tragedy happens.  
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Fig. 22: Snow avalanche hazardous area. Source: Mudron 2013 

6.3.7 Results and Conclusions 

The result of land use optimisation was made in parcel level. KAPOR (Fig. 7 in Appendix) 

[168] was used as a data source. The town residential area does not cover the whole area. 

Neighbouring areas were grouped into parcels and evaluated. These parcels did not included 

water streams, communications and areas exposed to avalanche hazard. The computed 

suitability for building structures (Fig. 23) was averaged for every plot. In general, the highest 

suitability has a property which already bears a structure. It is due the distribution of 

infrastructure and communications. 12 properties with 14 structures are exposed to avalanche 

hazard. Furthermore 20 plots without structure are affected by snow avalanche risk. All these 

spots are in residential area of Magurka (4 properties are in a new part of residential area) and 

most of the affected plots (27) have building permission only for few years. They were a part 

of agricultural land as grassland. These areas were not used in most cases. Prevailing situation 

is very alarming. The municipal plan ignores the potential natural hazard and building of new 

recreational structures continues. 
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Fig. 23: Result of the land use optimisation in Magurka Area 
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Most people dream of building their ideal home, so understandably, land with any form of 

planning permission is the most exclusive and thus also most expensive. Pristine natural 

environment of Magurka meets the dreams of some of these people. The area is located in 

favourable place for building recreation structures. Territorial (comprehensive) plan of 

Partizánska Ľupča, where settlement Magurka is southern part of it, opened new areas for 

urban sprawl. This document does not take in consideration snow avalanche risk, although the 

area partly lies in snow avalanche hazardous zone. New cottages were built in red zone, where 

avalanche impact pressure overreaches 30 kPa. The snow avalanche risk prevention should 

not be understood as a tool for excluding favourable and attractive location but as a tool to 

avoid economic, environmental and life losses. This study proved the inevitable role of risk 

assessment of natural hazards in land use planning.  

Prevailing land use according to snow avalanche risk is not optimal. The optimisation method 

was comfortable to use. Investigation of four factors was not time consuming. It would be 

easy to compute the suitability for the other two land use types. 
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7 General results and conclusions 

Dissertation thesis described a new land-use optimisation method. It can be classified as an 

empirical–statistical method. It comprehends advantages of different optimisation methods 

and models. In broader sense it can be seen as a modification of multi-criteria analyses. It 

evaluates land use suitability, uses factors and its weights. On the other side the factor weights 

are computed according to their ability to distinguish particular land use types. In another 

view, factors which significantly distinguish land use types have larger value. So the 

importance of factor is increased with its ability to filter out and denote land use types suitable 

for specific locations. 

Land suitability for particular factor is also computed from its data distribution. This is the 

point where the human-made decision can be influenced by decision makers. For example, in 

this step is defined the specification of suitability categories. Of course, this is influenced by 

the goals of decision making, and insight and knowledge of experts, who decide.  

Selection of appropriate factors and land use categories is important. With the increase of 

number of factors is also increased the number of statistical tests. The selection is based on 

goals of decision making and desired properties of suitable candidates of land use change. 

Land use categories cover whole area. Drawback of introduced method is increase of 

statistical tests in case of more land use types. Thus the analyses time is extended (comparing 

case studies of Cebovsky Potok upper river-basin and Magurka). 
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The approach was applied in rural case studies. However, it can be used in urban and sub-

urban areas too (different drivers and their impact). The more suitable locations are already 

taken by investigated land use category. Computation of land use suitability is following the 

real spatial distribution of land use. The results are appropriate and do not lead to confusions. 

The real land use distribution includes competition among different land use types. 

Comparing land use suitability of specific location for different land use types is possible to 

skip. However, the comparison reveals a useful insight in the competition and 

complementation of land use types. 

Natural hazard assessment is very important in the frame of sustainable development and 

mitigation of its impact on humans and their activities. Natural hazards and risks have not be 

omitted in decision making. 

Land use evolution stands on fundamental idea that land use is developed in the frame of 

changes towards its optimal state. 

Approach is decision support and human oriented. Higher suitability does not determine the 

land use change. It implies proposals for decision maker. The decisions are made according to 

more aspects: size of parcel, ownership, investment into land use change respectively into old 

land use removal. 

Data has to be transformed in many cases. Also, usually data is not normally distributed. 

Robust testing is needed. It is good to prefer same tests, of course if possible. 

Garbage in - garbage out rule is essential in statistics. It has to be taken enough data samples 

for all land use categories. Input data is the key to proper results (up-to-date data, precision, 

CLC data not recommended for large scale case studies - inapplicable in case of Magurka and 

Cebovsky Potok upper river-basin for small detail in data. 

8 Discussion 

The main contribution of this method is the unique assessment of factor importance. In other 

methods (MCE, expert based etc.) are weights computed according to their importance (e.g. 

distance from water bodies are most important, slopes are more important than population 

etc.) [23, 119, 14]. In introduced method are weights computed from ability of factors to 

distinguish between land use types. 

My method is very close to multinomial logit models [30, 179, 94, 143]. Main difference is 

the fact that my method is using also categorical variables. Both methods model relationships 

between response variable and set of drivers (independent variables). 

The suitability value for land use type is based on real distribution of land use in the nature. It 

is obvious that this method inherent competition of land use types. The real state of nature 

presents the result of competition of land use types. For example in the case of distance from 
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main communications, it is obvious that small values are suitable for LU for forestry (small 

distance to forest depot), LU for industry (supply), LU for residential area (accessibility) etc. 

The real state of values is other. All land use types have different values, because of their 

competition. Comparison of land use suitability of different land use categories is omitted 

comparing to other studies [100, 114]. 

However, competition should arise anyway. This method can be used as the suitability 

computation input for LUCIS model [144, 145]. So conflicts are identified, but anyway a 

decision has to be made.  

The real distribution of data was easily checked in terrain. The land employed by particular 

land use type was the area with higher values of suitability for this land use in most cases. It 

did not happen that the area classified as “area of maize-wheat-viticulture with low rate of 

cattle raising and medium rate of pig raising” has high rate of poultry and Swede [84].  

Computation formula (equation 1) is “soft” approach to solution. It does not exclude any area 

due its unsuitability to single factors. Modification to “hard” approach is in multiplication of 

factors instead of summing (up hard, down soft modification): 
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Soft modification of formula does not exclude new land use types or expansion to new 

territories. The hard approach makes limitation to unsuitable areas regarding to every driver. 

Suitability larger than zero is suitable for every driver.  

Decisions are taken on parcel level and computation is made on raster cell level. It is similar 

to (Burian, 2012), although the author stated hexagonal cells (raster cells are square) as more 

suitable. Parcel level decision was made also in [108, 78] and other studies.  

Neighbourhood dependence is guaranteed through distance related factors (there can be also a 

biodiversity factor – number of LU categories in specified area, or vicinity of other suitable 

LU category). A cellular automata (CA) approach is useful for representing relationships 

between a location and its immediate environment. CA studies [143, 41] did emphasize this 

fact. This was incorporated into introduced approach too. 

Economic studies and their point of view are important in decision making process. There is 

an economical rule: it is supported the land use change with the smallest investment to land 

utilization. 
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Dissertation was an ambition to answer questions set in motivation. First one was: Can the 

computation of land use suitability be unbiased? No, the results are always biased in certain 

manner. One of the determinants is accuracy of input data. Uncertainty is propagated in 

analyses all the way to results [87]. Certainly, we are able to limit the propagation of errors 

and introduction of additional ambiguities and vagueness in analyses. Input data as well as 

applied methods have to be proper. The factor importance calculation did a significant shift in 

promptness of outputs. Also applying the Bayesian rule instead of probabilities was an 

improvement of approach. 

Second question: How to achieve transparent results with prevailing landscape employment? 

This was a crucial task. Using empirical-statistical methods has a big advantage of transparent 

results. They are all in correlation with real state of nature. This approach is based on 

properties of prevailing nature. The allocation of sampling sets is important and the study area 

has to be well known. 

Third question: How to overcome the problem of competing land uses? Real case data 

incorporate the competition of LU categories. This is the second biggest advantage of 

introduced method. However, it is possible to compare the suitability for different land use 

types at the same location. Or another chance is to input the resulting suitability to other 

models dealing with conflicts of land use categories (LUCIS). 

  



Mudroň I.: Land use change and optimisation regarding to natural hazards 

101 

 

References 

[1] Albertson D. (2012): Examining feedback in interactive video retrieval in Journal of 

international science, vol. 38 (6), pp. 501-511. 

[2] Ananda J., Herath G. (2003): Soil erosion in developing countries: a socio-economic 

appraisal. J. Environ, Manage 68, pp. 343-353. 

[3] Aitkenhead M. J., Aalders I. H. (2009): Predicting land cover using GIS, Bayesian and 

evolutionary algorithm methods, Journal of environmental Management, vol. 90, pp. 236-250. 

[4] Armstrong M. P., Rushton G., Honey R., Dalziel B., Lolonis P., De S., Densham P. J. 

(1991): A spatial decision support system for regionalizing service delivery systems in 

Computers, Environment and Urban Systems, vol. 15, pp. 37 – 53.  

[5] Arnalds Þ., Jónasson K., Sigurðsson (2004): Avalanche hazard zoning in Iceland based on 

individual risk in Annals of Glaciology, vol. 38, pp. 285-290. 

[6] Arrow K. J., Raynaud H. (1986): Social Choice and Multicriterion Decision-Making, The 

MIT Press, ISBN: 0262511754, pp. 128. 

[7] Bartik M. (2012): Simulácia ohrozenosti horského prostredia lavínami v okolí Magurky 

s použitím modelu ELBA+, Fórum mladých geoinformatikov 2013, 2-3.5.2013, Zvolen, 

ISBN 978-80-228-2518-4..  

[8] Baycan-Levent T., Vreeker R., Nijkamp P. (2009): A Multi-Criteria Evaluation of Green 

Spaces in European Cities in European Urban and Regional Studies, vol. 16, nr. 2, pp. 193-

213. 

[9] Bayr C., Koboltschnig R.-G., Steurer M. (2013): Cellular Automata Approach for Medium 

Sized Cities in 18
th

 International Conference on Urban Planning and Regional Development 

in the Information Society GeoMultimedia 2013 REAL CORP proceedings, pp.  

[10] Beatley T. (2000): Green urbanism: Learning from European cities. Island press, 

Washington D.C., U.S., pp. 1-491, ISBN: 1-55963-682-3. 

[11] Bednarczyk, T. & Madeyski, M. (1996): Erosional processes in small Carpathian 

watersheds, O’Donnell, T (Ed.), Erosion and sediment Yield, IAHS Publ. 263, 399-403, ISBN 

0-947571-89-2, pp 399-403. 

[12] Beinat E., Nijkamp P. (1998): Multicriteria Analysis for Land-Use Management 

(Environment & Management). 1
st
 edition, Kluwer Academic Publishers, Dordrecht, 

Netherlands, pp. 380, ISBN: 0792351983. 

[13] Beinat E., Nijkamp P. (2007): Multicriteria Analysis for Land-Use Management 

(Environment & Management). 2
nd

 edition, pp. 379, ISBN: 0792351983. 



Mudroň I.: Land use change and optimisation regarding to natural hazards 

102 

 

[14] Bennema S., van Setten A., ‘t Hoen H., Voogd H. (1984): Multicriteria evaluation for 

regional planning: Some practical experiences. 23
rd

 European Congress of the Regional 

Science Association, Papers of the regional science association, Springer-Verlag, vol. 55, pp. 

59-69, ISSN 1435-5957. 

[15] Berg, H. Flood inundation maps – Mapping of flood prone areas in Norway in The 

extremes of extremes, Extraordinary floods proceedings, Reykjavik 2000, pp. 313-316, 2002. 

[16] Biskupič M., Kyzek F., Lizuch M., Richnavský J., Žiak I. Mudroň, I. Devečka B. (2011) 

Rekonštrukcia historickej lavíny v Magurke s využitím moderných nástrojov GIS in Životné 

prostredie Vol.45, No.2, p.83-882010 [The Reconstruction of historical avalanche in Magurka 

using modern GIT]. 

[17] Bougromenko V. N. (2002): GEOGRACOM 5W – Expert system for sustainable urban 

and regional transport development in Traffic and Transportation Studies, pp. 1369-1376. 

[18] Bougromenko V., Starosselets A. (2000): Demonstration of Geogracom 5W - an expert 

system for transport strategic planning in Transport Modelling: Proceedings of Seminar K 

Held at the European Transport Conference, London, PTRC, pp. 159-172. 

[19] Brander, L. M., Koetse M. J. (2011): The value of urban open space: Meta-analyses of 

contingent valuation and hedonic pricing results, Journal of environmental management, vol. 

92, pp. 2763-2773. 

[20] Bryant E. (2005): Natural hazards, 2
nd

 edition, Cambridge University Press, pp. 556, 

ISBN: 0-521-53743-8. 

[21] Burian J., Ferklova A. (2011): Srovnávací analýzatvorby územních plánů v prostředí GIS 

a CAD in Urbanismus a územní rozvoj, vol. 5, pp. 3-9. 

[22] Burian J. (2008): GIS analytical tools for planning and management of urban processes 

in Sympozia GIS Ostrava 2008 Proceedings, Ostrava, pp. 1-12, 978-80-254-1340-1. 

[23] Burian J. (2012): Implementace geoinformačních technológií do modelování 

urbanizačních procesů při strategickém plánování rozvoju rozvoje měst. Dissertation thesis. 

Charles University in Prague, pp. 131. 

[24] Burton, I., Kates, R. W. Gilbert F. White. (1978): The Environment as Hazard, Oxford 

University Press. 

[25] Campbell, S. (1996): Green cities, growing cities, just cities? Urban planning and the 

contradictions of sustainable development. Journal of the American Planning Association, 

vol. 62, pp. 296-312. 

[26] Cao K., Batty M., Huang B., Liu Y., Yu L., Chen J. (2011): Spatial multi-objective land 

use optimization: extensions to the non-dominated sorting genetic algorithm-II, International 

Journal of Geographic Information Science, vol. 25 (12), pp. 1949-1969. 



Mudroň I.: Land use change and optimisation regarding to natural hazards 

103 

 

[27] Cappabinca F., Barbolini M., Natale F. (2008): Snow avalanche risk assessment and 

mapping: A new method based on a combination of statistical analysis, avalanche dynamics 

simulation and empirically-based vulnerability relations integrated in a GIS platform in Cold 

Regions Science and Technology, vol. 54, pp. 193-205. 

[28] Chichevski N. (1999): Vacant land in Latin America cities in Land lines, vol. 11 (1), 

LLA990104. 

[29] Christen M, et al. (2010): RAMMS User manual v 1.01 : A modeling system for snow-

avalanches in research and practice. Davos. 

[30] Chomitz K. M., Gray D. A. (1996): Roads, Land Use, and Deforestation: A Spatial 

Model Applied to Belize," World Bank Economic Review, Oxford University Press, vol. 10 

(3), pp. 487-512. 

[31] Claytone A. M. H., Radcliffe N. J. (1996): Sustainability: A Systems Approach, 

Earthscan publication, pp. 258, ISBN: 1 85383 319 3. 

[32] Clarke KC, Gaydos L (1998) Loose coupling a cellular automaton model and GIS: long-

term growth prediction for San Francisco and Washington/Baltimore. International Journal of 

Geographical Information Science 12(7): 699-714 

[33] Coeterier J. F. (1996): Dominant attributes in the perception and evaluation of the Dutch 

landscape, Landscape and Urban Planning, vol. 34, pp. 27-44. 

[34] De Sousa C. A. (2003): Turning brownfields into green space in the City of Toronto in 

Landscape and Urban Planning, vol. 62, Is. 4, pp. 181-198. 

[35] Deletetsky R. Et al. (2001): Building livable communities: A policymaker’s guide to 

infill development. Sacramento, CA, U.S., pp. 1-50. 

[36] Dohnal, L. & Dempír, J. (2005): Některé robustní postupy určení střední hodnoty a 

rozptýlení souború výsledků a jejich použití. Klin. Biochem. Metab., vol. 13, No. 3, pp. 139–

144. 

[37] Duany A., Plater-Zyberk E, Speck J. (2000): Suburban Nation: The Rise of Sprawl and 

the Decline of the American Dream. North Point Press; 10th Anniversary Edition, pp. 1-320, 

ISBN: 978-0865477506. 

[38] Dumphy D., Benveniste J., Griffiths A., Sutton F. (2000): Sustainability; The corporate 

challenge of the 21
st
 century, Allen & Unwin, Australia, ISBN: 1-86508-228-7. 

[39] Džatko M., Sobotská J., et al. (2009): Príručka pre používanie máp pôdnoekologických 

jednotiek – Inovovaná príručka pre bonitáciu a hodnotenie pôdnoekologických jdnotiek. 

Výskumný ústav pôdoznalectva a ochrany pôdy, Bratislava, 978-80-89128-55-6. 



Mudroň I.: Land use change and optimisation regarding to natural hazards 

104 

 

[40] Feranec J., Oťaheľ J. (1987): Tvorba mapy využitia krajiny veľkej mierky aplikáciou 

multispektrálnych leteckých snímok in Geografický časopis, vol. 39, pp. 411-426. 

[41] Foroutan E., Delavar M. R. (2012): Urban growth modelling using genetic algorithms 

and cellular automata; A case study of Isfahan metropolitan area, Iran in Sympozia GIS 

Ostrava 2012 Proceedings - Surface Models for Geoscience, Ostrava 23. - 25.1.2012, ISBN 

978-80-248-2558-8 

[42] Fu B.J., Zhang Q. J., Chen L. D., Zhao W. W., Gulinck H., Liu G. B., Yang Q. K., Zhu 

Y. G. (2006): Temporal change in land use and its relationship to slope degree and soil type in 

a small catchment on the Loess Plateau of China, Catena 65, vol. 1, pp. 41-48. 

[43] Glenn J. R., Gordon T. J. (1998): State of the future reports: Issues and Opportunities, 

American Council for the United Nations University: The Millennium Project, Washington.  

[44] Godschalk D. R. (2004): Coping with conflicts in vision of sustainable development and 

livable communities. Journal of the American Planning Association, vol. 70, nr. 1, pp. 5-13.  

[45] Godschalk D. et al. (1999): Natural Hazard Mitigation: Recasting Disaster Policy And 

Planning, Island Press, pp. 577, ISBN: 1-55963-602-5. 

[46] Grêt-Regamey, A., Celio, E., Klein, T. M., Wissen Hayek, U. (2013): Understanding 

ecosystem services trade-offs with interactive procedural modeling for sustainable urban 

planning in Landscape and Urban Planning, vol. 109, pp. 107-116. 

[47] Grímsdóttir H. (2008): Avalanche hazard and risk assessment in Iceland in Proceedings 

Whistler 2008 International Snow Science Workshop September 21-27, pp. 774-778. 

[48] HEC (Hydrologic Engineering Center) HEC-RAS river analysis system, user’s manual 

version 4.1., USA,  2010. 

[49] Heistermann M., Müller Ch., Ronneberger K. (2006): Land in sight? Achievements, 

deficits and potentials of continental to global scale land-use modelling in Agriculture, 

Ecosystems and Environment, vol. 114, pp. 141–158. 

[50] Henning S., Vogler R. (2013): Geomedia Skills – a Required Prerequisite for Public 

Participation in Urban Planning? in 18
th

 International Conference on Urban Planning and 

Regional Development in the Information Society GeoMultimedia 2013 REAL CORP 

proceedings, pp. 357-366. 

[51] HEC (Hydrologic Engineering Center) (2010): HEC-RAS river analysis system, user’s 

manual version 4.1., USA. 

[52] Horritt M.S., Bates P.D. (2002): Evaluation of 1D and 2D numerical models for 

predicting river flood inundation in Journal of Hydrology, is. 268, pp. 87-99. 



Mudroň I.: Land use change and optimisation regarding to natural hazards 

105 

 

[202] Hreško J., Bugár G. (2000): Avalanche hazard in the south-east part of the Belianske 

Tatry Mts. in Ekológia, vol. 19, sup. 2, pp. 258-263. 

[53] Hubacek, K., van den Bergh J. C. J. M., (2002): The Role of Land in Economic Theory. 

IIASA, Laxenburg, Austria, IIASA Interim Report IR-02-037, pp. 1 – 48. 

[54] Hyndman D. (2012): Natural hazards and disasters, 4
th

 edition, ISBN: 9781133590811. 

[55] IUGS Working Group on Landslides, Committee on Risk Assessment (1997): 

Quantitative risk assessment for slopes and landslides — the state of the art in Landslide risk 

assessment: Proceedings of the International Workshop on Landslide Risk Assessment, 

Honolulu, Hawaii, USA, pp. 3-12. 

[56] Jankowski P., Stasik M. (1997 a): Spatial understanding and support system: A prototype 

for public GIS in Transaction in GIS, vol. 2, nr. 1, pp. 73-84. 

[57] Jankowski P., Stasik M. (1997 b): Design considerations for space and time distributed 

spatial decision making in Journal of Geographic Information and Decision Analysis, vol.1, 

nr.1, pp. 1-9. 

[58] Jiang B.; Huang B., Vasek V. (2003): Geovisualization for Planning Support Systems in 

Geertman, Stillwell (eds.): Planning Support Systems in Practice, Springer, Berlin, pp. 177-

191. 

[59] Johnston R. A., Shabazian D. R. (2003): UPlan: A versatile urban growth model for 

transportation planning in Transportation Research Record 1831, pp. 202-209 

[60] Keys E., McConnell W. J. (2005) Global change and the intensification of agriculture in 

the tropics. Global environmental change, Part A, vol. 15, pp. 320-337. 

[61] Klein T. M., Hayek U. W., Celio E., Grêt-Regamey A (2013): Decision Support Systems 

and Tools as Collaborative Web Platform for Sustainable Development of Landscapes in 

18
th

 International Conference on Urban Planning and Regional Development in the 

Information Society GeoMultimedia 2013 REAL CORP proceedings, pp. 239-247. 

[62] Klosterman R. E. (1999): The What if? collaborative planning support system in 

Environment and Planning B, vol. 26 ,pp. 393-408. 

[63] Kolejka J. (2000): Krajinné plánování a GIS. Příprava podkladů pro územní plán obce. 

Geoinfo, Praha: Computer Press, vol. 7, nr. 3, pp. 12-16, ISSN 1212-4311. 

[64] Kuhn A., (2003): From World Market to Trade Flow Modelling—The ReDesigned 

WATSIM Model. Final report, Institute of Agricultural Policy, Market Research and 

Economic Sociology. 



Mudroň I.: Land use change and optimisation regarding to natural hazards 

106 

 

[65] Lambin E. F., Rounsevell M. D. A., Geist H. J. (2000): Are agricultural land-use models 

able to predict changes in land-use intensity?, Agriculture, Ecosystems and Environment, vol. 

82, pp. 321-331. 

[66] Landis J. (1994): The California Urban Futures Model: a new generation of 

metropolitansimulation models in Environment and Planning B, vol. 21, pp. 399-420. 

[67] Langhammer J. (2008): Geographic Approaches to Flood Risk Modeling. In: Dostál, P. 

(ed.): Evolution of Geographical Systems and Risk Processes in the Global Context. P3K, 

Praha, pp. 81-99. 

[68] Lawal B. A., Arokoyo E. O., Odeyemi S. O. (2011): Erosion control on Ahmadu Bello 

way in Iloring using storm drain pipes in Epistemics in Science, Engineering and Technology, 

vol. 1, no. 3, pp. 148-154. 

[69] Lee C.-L., Huang S.-L., Chan S.-L. (2008): Biophysical and system approaches for 

simulating land-use change, Landscape and Urban Planning, vol. 86, pp. 187-203. 

[70] Lima L., Zelaya K., Laterra P., Massone H., Maceira N. (2011): A dynamic simulation 

model of land cover in the Dulce Creek basin, Argentina, Procedia Environmental Sciences, 

vol. 7, pp. 194-199. 

[71] Lindner C & Hill A. (2011): Simulating informal urban growth in Dar es Salaam, 

Tanzania – A CA-based land-use simulation model supporting strategic urban planning. In: 

Koch, A., Mandl, P. (Eds.): Modeling and simulating urban processes, pp. 77-97. 

[72] Longley, P. A., Goodchild, M. T., Maguire, D. J., Rhind, D. W. (1999): GIS: Principles 

and technical issues, vol. 1, New York: John Wiley & Sons Inc., pp. 586, ISBN: 0471321826. 

[73] Lubowski R. N., Plantinga A. J., Stavins R. N. (2008): What drives land-use change in 

the United States? A national analysis of landowner decisions, Land Economics, vol. 84, pp. 

529-550. 

[74] Lynch K. (1960). The Image of the City, MIT Press, ISBN: 978-0262620017. 

[75] Ma S., HE J., Liu F. (2011) Land-use spatial optimization based on particle swarm PSO 

Algorithm, Geo-spatial Information Science, vol. 14, pp. 54-61. 

[76] Maier et al. (2012): Udržitelný rozvoj území. 1
st
 edition, Grada, Prague, pp. 1-256, ISBN: 

97880-247-4198-7. 

[77] Malczewski J. (1999): GIS and Multicriteria Decision Analysis. John Wiley & Sons, 

New York. USA. 

[78] Masoomi Z., Mesgari M. S., Hamrah M. (2013): Allocation of urban land uses by Multi-

Objective Particle Swarm Optimization algorithm in International Journal of Geographical 

Information Science, vol. 27 (3). 



Mudroň I.: Land use change and optimisation regarding to natural hazards 

107 

 

[79] Matthews K. B., Sibbald A. R., Craw S. (1999): Implementation of a spatial decision 

support system for rural land use planning: integrating GIS and environmental models with 

search and optimisation algorithms in Computers and Electronics in Agriculture, vol. 23, pp. 

9-26. 

[80] McCLung D, Schaerer, P. (2006): Avalanche Handbook. The mountaineers book, Seattle, 

USA, pp.342. 

[81] McClung D. M. (2005): Risk-based definition of zones for land-use planning in snow 

avalanche terrain. Can Geotech Journal, vol. 42, pp. 1030–1038. 

[82] McClung D. M. (2008): Risk-based Land-use planning in snow avalanche terrain in 

Proceedings of the 4
th

 Canadian conference on geohazards: from causes to Management, 

Presse d l’Université Laval, Québec, pp. 594. 

[83] Mendoza J. E., Medaglia A. L., Velasco N. (2009): An evolutionary based decision 

support system for vehicle routing: the case of a public utility in Decision Support Systems, 

vol. 46, nr. 3, pp. 730-742. 

[84] Miklóš L. et al. (2002): Atlas krajiny Slovenskej republiky, Bratislava: Ministry of 

environment, Slovak Republic, Banská Bystrica: Slovak agency of environment.  

[85] Mitasova H. & Mitas L. (2001): Multiscale soil erosion simulations for land use 

management. In Harmon, R., Doe, W. (Eds.) Landscape erosion and landscape evolution 

modelling, pp. 321-347. 

[86] Mudron I., Podhoranyi M., Arnosova L. (2013 a):  Delineation and assessment of aquatic 

ecosystems using hydrodynamic modelling: Case of river Becva catchment in 4-th 

International Multidisciplinary Conference on Hydrology and Ecology - HydroEco'2013 

proceedings, 13-16.5.2013, Rennes. 

[87] Mudron et al. (2012c): Elevation error modeling and propagation in slope estimation: A 

case study from Olse and Stonavka confluence area in Spatial Data Handling 2012 

proceedings, Bonn, Germany. 

[88] Mudron, I., Podhoranyi, M., Arnosova, L. (2013 b): Environmentálny dopad 

antropogénnych aktivít na inundačné územia riek, prípadová štúdia z povodia Bečvy. Fórum 

mladých geoinformatikov 2013, 2-3.5.2013, Zvolen, pp. 1-8, ISBN 978-80-228-2518-4. 

[89] Mudron (2006): Krajinný potenciál Liptovskej Sielnice a jej okolia. Diploma thesis. 

Čebovce. 

[90] Mudron et al. (2012 a): Land use evolution, change and optimization: A case study from 

Cebovsky Potok upper river-basin in International Multidisciplinary 12th Scientific 

GeoConference SGEM 2012 proceedings, Volume 2, pp. 1087-1094, ISSN: 1314-2704. 



Mudroň I.: Land use change and optimisation regarding to natural hazards 

108 

 

[91] Mudron I. (2010 a): Land use optimization related to erosion in the Čebovský Potok 

upper river-basin. Diploma thesis, Ostrava, pp. 1-119. 

[92] Mudron, I.; Richnavský, J.; Bobáľ, P. (2010 b): Optimalizácia využitia krajiny pre ornú 

pôdu v hornom povodí Čebovského Potoka. In: Conference GIS ESRI 2010. Section of 

posters. 

[93] Mudron I., Richnavský J., Chrustek P., Biskupič M. (2012 b): Snow avalanche risk 

assessment in territorial planning: Case of Magurka in Advances in Avalanche Forecasting 

Proceedings of Avalanche Warning Service - HZS, Podbanske. 

[94] Müller, D., Munroe, D. K., (2009): Simulating the Effects of Rural Development Policies 

on Land Use: Evidence from Spatially Explicit Modeling in the Central Highlands of Vietnam 

in Pilz, J. (Ed.): Interfacing Geostatistics and GIS. Springer-Verlag Berlin Heidelberg, pp. 91-

102, ISBN: 978-3-540-33235-0. 

[95] Munroe D. K., Southworth J., Tucker C. M. (2002): the dynamics of land-cover change 

in western Honduras: exploring spatial and temporal complexity in Agricultural economics, 

vol. 27, pp. 355-369. 

[96] Murao O., Yamazaki F. (2000): Prospect for the Method of Urban Safety Analysis and 

Environmental Design in Proceedings of the 21
st
 Asian Conference on Remote Sensing, 

Taiwan, Vol. 2, pp. 1155-1160. 

[97] Næsset E., Gobakken T., Hoen H. F. (1997): A spatial decision support system for long-

term forest management planning by means of linear programming and a geographical 

information system. In Scandinavian Journal of Forest Resresearch, vol. 12, pp. 77–88. 

[98] Odum E.P. (1969): The Strategy of Ecosystem Development in Science, vol. 164, pp. 

262-270. 

[99] Osteen C. et al. (2012): Agricultural Resources and Environmental Indicators, 2012 

Edition in Economic Information Bulletin, nr. (EIB-98), pp. 1-55. 

[100] Oťaheľ J., Poláčik Š. (1987): Krajinná syntéza Liptovskej kotliny. Bratislava, Veda. 

[101] Oťaheľ J., Feranec J., Pravda J., Husár K., Cebecauer T., Šúri M. (2000): Prírodná 

krajina a krajinná pokrývka. Mapa Slovenska v mierke 1:500 000, Bratislava. 

[102] Pechanec V., Burian J., Kilianová H., Voženílek V., Svobodová J. (2012): 

A participatory approach to tspatial and environmental planning in different national 

perspectives. Rural studies – Loca and regional development – challenges and policy issues, 

vol. 27, pp. 47-74. 

[103] Podhoranyi, M., Mudron, I., Cirbus, J., Unucka, J. (2012): Flood impact assessment 

using hydraulic modelling: A case study from Stonavka and Olse river confluence area, Czech 



Mudroň I.: Land use change and optimisation regarding to natural hazards 

109 

 

republic in International Multidisciplinary 12th Scientific GeoConference SGEM 2012 

proceedings, Volume 3, pp.671-678, ISSN: 1314-2704. 

[104] Pouš R., Hlásny (2005): Knowledge based spatio-functional optimisation of urban 

environment in Sympozia GIS Ostrava 2005 proceedings (CD), ISSN: 1213-2454. 

[105] Quitt E. (1971): Klimatické oblasti Československa. Brno: ČSAV – GEU Brno, Studia 

geographica, pp. 73. 

[106] Richnavský J (2008): Návrh optimalizácie hospodárenia na poľnohospodárskej pôde s 

pomocou eróznych modelov, Diploma thesis, Ostrava. 

[107] Richnavsky J., Biskupic M., Mudron I., Devecka B., Unucka J., Chrustek P., Lizuch M., 

Kyzek F., Matejicek F. (2011): Using modern GIS tools to reconstruct the avalanche: A case 

study of Magurka 1970. In: Horak, J, Hlasny, T, Ruzicka, J., Halounova. L, Cerba, O (Eds.), 

GIS Ostrava 2011, Eight International Symposium, Proceedings, pp. 175-186. 

[108] Rivington M., Mathews K. B., Sibbald A. R., Stöckle C. O. (2001): Integrating 

CropSyst with a Multiple-objective Land Use Planning Tool (LADSS) in 2nd International 

Symposium Modelling Cropping System, Florence, Italy, pp. 171-172. 

[109] Roosa, S. A. (2010): Sustainable Development Handbook (2nd Edition), Fairmont Press 

Inc., pp. 521, ISBN: 978-1-61583-897-4. 

[110] Rosegrant M. W. et al. (2012): International Model for Policy Analysis of Agricultural 

Commodities and Trade (IMPACT): Model Description. International Food Policy Research 

Institute, Washington DC, U.S., pp. 50. 

[111] Salasova, A., Stepan, M. (2007): Landscape Planning in the Czech Republic - 

Opportunities, Visions, and Limits in Ekologie krajiny, nr. 1, pp. 125—134. 

[112] Sands R., Leimbach M. (2003): Modeling agriculture and land use in an integrated 

assessment framework in Climatic Change, vol. 56, pp. 185–210. 

[113] Schneider U. A. et al. (2008): The European Forest and Agricultural Sector 

Optimization Model – EUFASOM in 16
th

 annual Conference of the European Association of 

Environmental and Resource Economists, Gothenburg, Sweden. 

[114] Schoneveld G. C. (2010): Potential land use competition from first-generation biofuel 

expansion in developing countries, Occasional paper 58, CIFOR, Bogor, Indonesia, pp. 1-32.  

[115] Sklenička P. (2003): Základy krajinného plánování. 2
nd

 Edition, Praha, pp. 321, ISBN 

80-903206-1-9  

[116] Silva EA, Clarke KC (2002): Calibration of the SLEUTH urban growth model for 

Lisbon and Porto, Portugal in Computers, Environment and Urban System, vol. 26, pp. 525-

552. 



Mudroň I.: Land use change and optimisation regarding to natural hazards 

110 

 

[117] Smith N. (1996): The New Urban Frontier: Gentrification and the Revanchist City. 

Routledge, U.S., pp. 1-288, ISBN: 978-0415132558 

[118] Sohngen B., Mendelsohn R., Sedjo R. (1999): Forest management, conservation, and 

global timber markets in American Journal of Agricultural Economics vol. 81, nr. 1, pp. 1–18. 

[119] Šťasný S. (2012): Hodnocení optimální využitelnosti území pomocí analytické 

nadstavby GIS. Dissertation thesis, Palacky University, Olomouc, pp. 83. 

[120] Tan G., Shibasaki R. (2003): Global estimation of crop productivity and the impacts of 

global warming by GIS and EPIC integration in Ecological Modelling, vol. 168, pp. 357–370. 

[121] Thompson, C. W. Urban open space in the 21
st
 century, Landscape and Urban planning, 

vol. 60, pp. 59-72, 2002. 

[122] Tobler, W. R. (1970): A computer movie simulating urban growth in the Detroit region 

in Economic geography, vol. 46, pp. 234-240. 

[123] Tolasz R. et al. (2007): Atlas podnebí Česka. 1
st
 Edition, Praha: ČHMÚ, pp. 255, ISBN: 

978-80-86690-26-1. 

[124] Tsakonas G., Papatheodorou Ch. (2006): Analysing and evaluating usefulness and 

usability in electronic information services in Journal of international science, vol. 32 (5), pp. 

400-419. 

[125] Unucka et al. (2010): Possibilities of the semi-distributed and distributed models in 

forest hydrology on example of the Ostravice basin in Beskydy, vol. 3, pp. 205-216. 

[126] Unucka et al. (2001): Comparison of possibility to use semidistributed and distributed 

rainfall-runoff models in forest hydrology on the example of Ostravice catchment in Zprávy 

lesnického výskumu, vol. 56, is. 1, pp. 68 - 81. 

[127] Unucka, J. (2008): Modelování vlivu lesa na srážkoodtokové vztahy a vodní erozi 

s pomocí GIS in Vodní hospodářství, vol. 7, pp. 225-231. 

[128] U.S. Department of Commerce, Bureau of the Census (BOC) (1992): 1990 Census of 

Population and Housing, United States, CPH-2-1, Government Printing Office. 

[129] Van-Camp. L., Bujarrabal, B., Gentile, A-R., Jones, R.J.A., Montanarella, L., Olazabal, 

C., Selvaradjou, S-K. (2004): Reports of the Technical Working Groups Established under the 

Thematic Strategy for Soil Protection. EUR 21319 EN/6, 872 pp. Office for Official 

Publications of the European Communities. 

[130] Váňová V., Langhammer J. (2011): Modelling the impact of land cover changes on 

flood mitigation in the upper Lužice basin in Journal of Hydrology and Hydromechanics, vol. 

59 (4), pp. 262-274. 



Mudroň I.: Land use change and optimisation regarding to natural hazards 

111 

 

[131] Veldkamp A., Fresco L.O. (1996): CLUE-CR: an integrated multi-scale model to 

simulate land use change scenarios in Costa Rica in Ecological Modelling, vol. 91 (1-3), pp. 

231–248. 

[132] Veldkamp A., Lambin E. F. (2001): Predicting land-use change, Agriculture, 

Ecosystems and environment 85, pp. 1-6. 

[133] Verburg P. H., Van Eck J. R. R., Nijs T. C. M., Dijst M. J. (2004): Determinants of 

land-use change patterns in the Netherlands in Environmental and Planning B: Planning and 

Design, vol. 31 (1), pp. 125-150. 

[134] Verburg P. H., van de Steeg J., Veldkamp A., Willemen L. (2009): From land cover 

change to land function dynamics: A major challenge to improve land characterization, 

Journal of Environmental Management, vol. 90, pp. 1327-1335. 

[135] Voogd H. (1983): Multicriteria for urban and regional planning. Pion limited, pp. 358, 

ISBN: 0 85086 106 3. 

[136] Vos F., Rodriguez J., Below R., Guha-Sapir D. (2010): Annual Disaster Statistical 

Review 2009 - The numbers and trends, Centre for Research on the Epidemiology of 

Disasters, Brussels, Belgium, pp. 38. 

[137] Waddell P. (2002): UrbanSim: Modeling urban development for land use, transportation 

and environmental planning in Journal of the American Planning Association, vol. 68, nr. 3, 

pp. 297-314. 

[138] Waddell P., Borning A., Noth M., Freier N., Becke M., Ulfarsson G. (2003): 

Microsimulation of urban development and location choices: design and implementation of 

UrbanSim in Networks and Spatial Economics, vol. 3, pp. 43 – 67 

[139] Wolfram, S. (1984): Cellular automata as models of complexity in Nature, vol. 

311(5985), pp. 419-424 

[140] Xu Y., Tang Q. (2009): Land use optimization at small watershed scale on the Loess 

Plateau. In: Du, Z., Yao, L. (Eds.), Journal of Geographic Science, Springer Verlag, vol. 11, 

nr. 5, pp. 577-586. 

[141] Zachar D. (1982): Soil erosion. Developments in soil erosion 10, VEDA, Bratislava, pp. 

548, ISBN 0-444-40882-7. 

[142] Zhang M. (2000): Modeling land use change in the Boston metropolitan region, 

dissertation, Berkely University of California, CA, U.S.  

[143] Ζhou B., Kockelman K. M. (2007): Neighborhood impacts on land use change: a 

multinomial logit model of spatial relationships. In: Johansson, B, Kim, E., Stough, R. R. 

(Eds.), Annals of Regional Science, Springer Verlag, vol. 42, nr. 2, pp. 321-340. 



Mudroň I.: Land use change and optimisation regarding to natural hazards 

112 

 

[144] Zwick P. D., Carr M. H. (2007): Smart Land-use Analysis: The LUCIS Model, 

Environmental Systems Research Institute Inc., U.S., pp. 292, ISBN: 1589481747. 

[145] Zwick P. D., Carr M. H. (2005): Using GIS suitability analysis to identify potential 

future land use conflicts in North Central Florida in Journal of Conservation Planning, vol. 1, 

pp. 58-73. 

 

Online sources: 

[146] A New Representation of Agricultural Production Technology in GTAP, Hsin, H., 

van Tongeren, F., Dewbre, J., van Meijl, H. (2004): online link (June 2013):   

https://www.gtap.agecon.purdue.edu/resources/res_display.asp?RecordID=1504 

[147] Advantages and Disadvantages of greenfield versus brownfield developments, 

Wiley. – link (May 2013):  

http://www.wiley.com.au/content/upload/documents/Industry_Tools/Tool_-

_Brownfield_vs_Greenfield.pdf 

[148] Alternative future land use scenarios, Geoplan Center: - link (May 2013):  

http://www.geoplan.ufl.edu/lucis/index.html 

[149] Bartlett's Test (2012), Engineerging Statistics Handbook – link (January 2013):  

http://www.itl.nist.gov/div898/handbook/eda/section3/eda357.htm 

[150] Brownfield? Greenfield? The threat to London’s unofficial countryside, London 

Wildlife Trust:  – link (May 2013):  

https://www.google.sk/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CCsQFjAA&

url=http%3A%2F%2Fwww.wildlondon.org.uk%2FHandlers%2FDownload.ashx%3FIDMF%

3D0d004048-ccb5-4aa4-8c81-

449e7b0cd923&ei=2J3aUeHsG4OUtQbLsYHoDA&usg=AFQjCNFpribsPlF8Xt-

xboXSpBuoH3o0Og&sig2=DPU5g69a-ZCPd_OSlxWw6w&bvm=bv.48705608,d.Yms  

[151] Chi-square and tests of contingency tables (1996), Stockburger D. W. – link (January 

2013): http://www.psychstat.missouristate.edu/introbook/sbk28m.htm 

[152] Chi-square Goodness-of-Fit Tests (2012), Engineerging Statistics Handbook – link 

(January 2013): http://www.itl.nist.gov/div898/handbook/eda/section3/eda35f.htm 

[153] Collection of Law of Slovak Republic - link (May 2012): http://www.zbierka.sk/  

[154] CORINE Land Cover European Environment Agency – link (February 2013):  

http://www.eea.europa.eu/publications/COR0-landcover 

[155] CORINE Land Cover Legend, European Environment Agency – link (February 

2013): http://sia.eionet.europa.eu/CLC2006/CLC_Legeng.pdf 

https://www.gtap.agecon.purdue.edu/resources/res_display.asp?RecordID=1504
http://www.wiley.com.au/content/upload/documents/Industry_Tools/Tool_-_Brownfield_vs_Greenfield.pdf
http://www.wiley.com.au/content/upload/documents/Industry_Tools/Tool_-_Brownfield_vs_Greenfield.pdf
http://www.geoplan.ufl.edu/lucis/index.html
http://www.itl.nist.gov/div898/handbook/eda/section3/eda357.htm
https://www.google.sk/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CCsQFjAA&url=http%3A%2F%2Fwww.wildlondon.org.uk%2FHandlers%2FDownload.ashx%3FIDMF%3D0d004048-ccb5-4aa4-8c81-449e7b0cd923&ei=2J3aUeHsG4OUtQbLsYHoDA&usg=AFQjCNFpribsPlF8Xt-xboXSpBuoH3o0Og&sig2=DPU5g69a-ZCPd_OSlxWw6w&bvm=bv.48705608,d.Yms
https://www.google.sk/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CCsQFjAA&url=http%3A%2F%2Fwww.wildlondon.org.uk%2FHandlers%2FDownload.ashx%3FIDMF%3D0d004048-ccb5-4aa4-8c81-449e7b0cd923&ei=2J3aUeHsG4OUtQbLsYHoDA&usg=AFQjCNFpribsPlF8Xt-xboXSpBuoH3o0Og&sig2=DPU5g69a-ZCPd_OSlxWw6w&bvm=bv.48705608,d.Yms
https://www.google.sk/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CCsQFjAA&url=http%3A%2F%2Fwww.wildlondon.org.uk%2FHandlers%2FDownload.ashx%3FIDMF%3D0d004048-ccb5-4aa4-8c81-449e7b0cd923&ei=2J3aUeHsG4OUtQbLsYHoDA&usg=AFQjCNFpribsPlF8Xt-xboXSpBuoH3o0Og&sig2=DPU5g69a-ZCPd_OSlxWw6w&bvm=bv.48705608,d.Yms
https://www.google.sk/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CCsQFjAA&url=http%3A%2F%2Fwww.wildlondon.org.uk%2FHandlers%2FDownload.ashx%3FIDMF%3D0d004048-ccb5-4aa4-8c81-449e7b0cd923&ei=2J3aUeHsG4OUtQbLsYHoDA&usg=AFQjCNFpribsPlF8Xt-xboXSpBuoH3o0Og&sig2=DPU5g69a-ZCPd_OSlxWw6w&bvm=bv.48705608,d.Yms
https://www.google.sk/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CCsQFjAA&url=http%3A%2F%2Fwww.wildlondon.org.uk%2FHandlers%2FDownload.ashx%3FIDMF%3D0d004048-ccb5-4aa4-8c81-449e7b0cd923&ei=2J3aUeHsG4OUtQbLsYHoDA&usg=AFQjCNFpribsPlF8Xt-xboXSpBuoH3o0Og&sig2=DPU5g69a-ZCPd_OSlxWw6w&bvm=bv.48705608,d.Yms
http://www.psychstat.missouristate.edu/introbook/sbk28m.htm
http://www.itl.nist.gov/div898/handbook/eda/section3/eda35f.htm
http://www.zbierka.sk/
http://www.eea.europa.eu/publications/COR0-landcover
http://sia.eionet.europa.eu/CLC2006/CLC_Legeng.pdf


Mudroň I.: Land use change and optimisation regarding to natural hazards 

113 

 

[156] Cross-tabulation analysis (2011), Qualtrics – link (January 2013):  

http://www.qualtrics.com/wp-content/uploads/2013/05/Cross-Tabulation-Theory.pdf 

[157] Directive 2007/60/EC (2007), Official Journal of the European Union – link (June 

2012): http://ec.europa.eu/environment/water/flood_risk/index.htm  

[158] Directive 2000/60/EC (2000), Official Journal of the European Union – link (April 

2013): http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2000:327:0001:0072:EN:PDF 

[159] ELBA+ (2010), NiT technisches Buro – link (April 2013): http://www.elba-plus.net/ 

[160] FEMA, flood or flooding – link (December 2012):  

http://www.fema.gov/plan/prevent/floodplain/nfipkeywords/flood_or_flooding.shtm#0  

[161] GeoData (2013), Info Projekt s.r.o. – link (March 2013): http://www.geodata.sk/ 

[162] Geoportál CUZK (2010), ZABAGED  – link (August 2013):  

http://geoportal.cuzk.cz/(S(4meprfyrr0sss5z1sixgpv55))/default.aspx?mode=TextMeta&text=dSady_z

abaged&side=zabaged&menu=24 

[163] GeoPORTAL (2013), CENIA – link (August 2013): 

http://geoportal.gov.cz/web/guest/home 

[164] Hydrodynamics (2011), DHI – link (February 2013):  

http://www.dhisoftware.com/Products/CoastAndSea/Hydrodynamics.aspx 

[165] Introduction to ANOVA / MANOVA, StatSoft – link (January 2013):  

http://www.statsoft.com/textbook/anova-manova/#index  

[166] ISIS TAST (2013), CH2M HILL – link (March 2013):  

http://www.halcrow.com/isis/isisfast.asp 

[167] IZGARD (2011), VGHNÚř Dobruška - link (August 2013):  

http://izgard.cenia.cz/ceniaizgard/uvod.php 

[168] KaPor katastrálny portál Slovenskej Republiky – link (May 2013):  

http://195.28.70.134/kapor2/index.asp?t=1372938316847&lang=sk 

[169] Kruskal-Wallis non-parametric ANOVA (2000), Gaten T. – link (January 2013): 

http://www.le.ac.uk/bl/gat/virtualfc/Stats/kruskal.html 

[170] Land Allocation Support System, The Macaulay Institute – link (June 2013):  

http://www.macaulay.ac.uk/LADSS/dss_home.html 

[171] Land Use, Land Types and Land Usage, Vantage Land – link (June 2013):  

http://www.vantageland.co.uk/land-use.asp. 

[172] Lavínové nehody (2013), SLP HZS: link (April 2013):  

http://www.laviny.sk/novinky/lavinove-nehody/ 

http://www.qualtrics.com/wp-content/uploads/2013/05/Cross-Tabulation-Theory.pdf
http://ec.europa.eu/environment/water/flood_risk/index.htm
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2000:327:0001:0072:EN:PDF
http://www.elba-plus.net/
http://www.fema.gov/plan/prevent/floodplain/nfipkeywords/flood_or_flooding.shtm#0
http://www.geodata.sk/
http://geoportal.cuzk.cz/(S(4meprfyrr0sss5z1sixgpv55))/default.aspx?mode=TextMeta&text=dSady_zabaged&side=zabaged&menu=24
http://geoportal.cuzk.cz/(S(4meprfyrr0sss5z1sixgpv55))/default.aspx?mode=TextMeta&text=dSady_zabaged&side=zabaged&menu=24
http://geoportal.gov.cz/web/guest/home
http://www.dhisoftware.com/Products/CoastAndSea/Hydrodynamics.aspx
http://www.statsoft.com/textbook/anova-manova/#index
http://www.halcrow.com/isis/isisfast.asp
http://izgard.cenia.cz/ceniaizgard/uvod.php
http://195.28.70.134/kapor2/index.asp?t=1372938316847&lang=sk
http://www.le.ac.uk/bl/gat/virtualfc/Stats/kruskal.html
http://www.macaulay.ac.uk/LADSS/dss_home.html
http://www.vantageland.co.uk/land-use.asp
http://www.laviny.sk/novinky/lavinove-nehody/


Mudroň I.: Land use change and optimisation regarding to natural hazards 

114 

 

[173] Levene Test for Equality of Variances (2012), Engineerging Statistics Handbook – 

link (January 2013): http://www.itl.nist.gov/div898/handbook/eda/section3/eda35a.htm 

[174] Mann-Whitney U-test (2013), ALGLIB – link (February 2013):  

http://www.alglib.net/hypothesistesting/mannwhitneyu.php 

[175] Mapping the impacts of natural hazards and technological accidents in Europe – 

link (May 2012): http://www.eea.europa.eu/publications/mapping-the-impacts-of-natural  

[176] Multi-factor Analyses of Variance (2012), Engineering statistics handbook – link 

(January 2013): http://www.itl.nist.gov/div898/handbook/eda/section3/eda355.htm 

[177] Online snow avalanche cadastre (2013): SLP and hiking.sk – link (May 2013): 

http://mapy.hiking.sk/?zoom=14&lat=6305837.94292&lon=2194989.75612&layers=00BFTTTTTTF

FFFFTT 

[178] PCSWMM (2013), CHI – link (February 2013):  

http://www.chiwater.com/Software/PCSWMM/index.asp 

[179] Pravděpodobnostní mapa funkčního využití území ORP Tábor (2009), Maier K., 

Vorel J., Grill S., Franke D. – link (April 2013): 

http://www.taborsko.cz/cs/obcan/rozvoj/zmeny-funkcniho-vyuziti-orp-tabor-v-obdobi-1961---

2008/  

[180] Předpovědní systém HYDROG, Starý M. – link (February 2013):  

http://voda.chmi.cz/pov06/pdf/c52.pdf. 

[181] R.watershed - Watershed basin analysis program, GRASS manual – link (August 

2013): http://grass.osgeo.org/grass65/manuals/r.watershed.html 

[182] Project Gigalopolis (2013), UCBS, USGS – link (April 2013):  

http://www.ncgia.ucsb.edu/projects/gig/index.html 

[183] Sbírka zákonů ČR (2013), Ley.cz o.s.- link (August 2013): http://zakony-online.cz/ 

[184] Slovak permanent observation service - SKPOS (2013), UGKK SR – link (March 

2013): http://www.skpos.gku.sk/ 

[185] Slovenský mapový portál (2013), Geodis – Centrum holdings – link (February 2013): 

http://www.centrumholdings.sk/press/archiv/185371 

[186] Significant natural disasters since 1980 (2013), Munich RE – link (June 2013): 

http://www.munichre.com/en/reinsurance/business/non-

life/georisks/natcatservice/significant_natural_catastrophes.aspx 

[187] Soil erosion models (2010), Favis-Mortlock D. - link (January 2013): 

http://www.soilerosion.net/doc/models_menu.html 

http://www.itl.nist.gov/div898/handbook/eda/section3/eda35a.htm
http://www.alglib.net/hypothesistesting/mannwhitneyu.php
http://www.eea.europa.eu/publications/mapping-the-impacts-of-natural
http://www.itl.nist.gov/div898/handbook/eda/section3/eda355.htm
http://mapy.hiking.sk/?zoom=14&lat=6305837.94292&lon=2194989.75612&layers=00BFTTTTTTFFFFFTT
http://mapy.hiking.sk/?zoom=14&lat=6305837.94292&lon=2194989.75612&layers=00BFTTTTTTFFFFFTT
http://www.chiwater.com/Software/PCSWMM/index.asp
http://www.taborsko.cz/cs/obcan/rozvoj/zmeny-funkcniho-vyuziti-orp-tabor-v-obdobi-1961---2008/
http://www.taborsko.cz/cs/obcan/rozvoj/zmeny-funkcniho-vyuziti-orp-tabor-v-obdobi-1961---2008/
http://voda.chmi.cz/pov06/pdf/c52.pdf
http://grass.osgeo.org/grass65/manuals/r.watershed.html
http://www.ncgia.ucsb.edu/projects/gig/index.html
http://zakony-online.cz/
http://www.skpos.gku.sk/
http://www.centrumholdings.sk/press/archiv/185371
http://www.munichre.com/en/reinsurance/business/non-life/georisks/natcatservice/significant_natural_catastrophes.aspx
http://www.munichre.com/en/reinsurance/business/non-life/georisks/natcatservice/significant_natural_catastrophes.aspx
http://www.soilerosion.net/doc/models_menu.html


Mudroň I.: Land use change and optimisation regarding to natural hazards 

115 

 

[188] Soil erosion site (2012), Favis-Mortlock D. - link (January 2013): http://soilerosion.net/ 

[189] Speciální metody analýzy dat – online course (2012), Litschmannová M. – link 

(January 2013): 

http://homel.vsb.cz/~lit40/SMAD/SMAD.html?butt2=Speci%E1lni+metody+anal%FDzy+dat 

[190] Statgraphics Centurion XVI User Manual (2009), StatPoint Technologies – link 

(January 2013): http://www.statgraphics.com/main.pdf 

[191] Struktura DIBAVOD (2011), VÚV TGM – link (August 2013):  

http://www.dibavod.cz/index.php?id=27 

[192] Territorial plan of Cebovce, - link (August 2013):  

http://www.cebovce.sk/index.php?option=com_docman&Itemid=150 

[193] Štruktúra poľnohospodárskych pôd podľa evidencie LPIS k 2.3.2007 (2007), 

Pôdny portál VUPOP: - link (August 2013):  

http://www.podnemapy.sk/portal/reg_pod_infoservis/struktura_lpis_070302/struktura_lpis.as

px#mapka 

[194] The Land Use Impact Model (LUIM), McNeill J., MacEwan R. – link (May 2013): 

http://vro.dpi.vic.gov.au/dpi/vro/vrosite.nsf/pages/landuse_luim 

[195] TTEST, Office – link (January 2013): http://office.microsoft.com/en-001/excel-

help/ttest-HP005209325.aspx 

[196] TUFLOW (2013), BMT WBM – link (March 2013): http://www.tuflow.com/  

[197] Two sample t-test, University of Minesota – link (January 2013):  

http://www.monarchlab.org/Lab/Research/Stats/2SampleT.aspx 

[198] Urban, coastal and riverine flooding (2011), DHI – link (February 2013):  

http://www.dhisoftware.com/Products/WaterResources/MIKEFLOOD.aspx 

[199] Water gauging profiles list (2013), Flood forecasting service, Czech 

Hydrometeorological Institute – link (August 2013):  

http://hydro.chmi.cz/hpps/hpps_bklist.php?lng=ENG 

[200] Xpswmm (2011), XP Solutions – link (February 2013):  

http://www.xpsolutions.com/software/xpswmm/ 

[201] Zmeny a doplnky územného plánu (2013), Obec Partizánska Ľupča – link (June 

2013): 

http://www.partizanskalupca.com/index.php?option=com_content&view=article&catid=56&i

d=212&Itemid=58 

 

http://soilerosion.net/
http://homel.vsb.cz/~lit40/SMAD/SMAD.html?butt2=Speci%E1lni+metody+anal%FDzy+dat
http://www.statgraphics.com/main.pdf
http://www.dibavod.cz/index.php?id=27
http://www.cebovce.sk/index.php?option=com_docman&Itemid=150
http://www.podnemapy.sk/portal/reg_pod_infoservis/struktura_lpis_070302/struktura_lpis.aspx#mapka
http://www.podnemapy.sk/portal/reg_pod_infoservis/struktura_lpis_070302/struktura_lpis.aspx#mapka
http://vro.dpi.vic.gov.au/dpi/vro/vrosite.nsf/pages/landuse_luim
http://office.microsoft.com/en-001/excel-help/ttest-HP005209325.aspx
http://office.microsoft.com/en-001/excel-help/ttest-HP005209325.aspx
http://www.tuflow.com/
http://www.monarchlab.org/Lab/Research/Stats/2SampleT.aspx
http://www.dhisoftware.com/Products/WaterResources/MIKEFLOOD.aspx
http://hydro.chmi.cz/hpps/hpps_bklist.php?lng=ENG
http://www.xpsolutions.com/software/xpswmm/
http://www.partizanskalupca.com/index.php?option=com_content&view=article&catid=56&id=212&Itemid=58
http://www.partizanskalupca.com/index.php?option=com_content&view=article&catid=56&id=212&Itemid=58


Mudroň I.: Land use change and optimisation regarding to natural hazards 

116 

 

Author’s publications 

Bakay, L., Mudroň, I. (2011): Rozšírenie Jarabiny Oskorušovej V Maďarskom Pohorí 

Börzsönyi in Lesnícke práce 3, pp. 30. 

Biskupič et al.: (2011) Rekonštrukcia historickej lavíny v Magurke s využitím moderných 

nástrojov GIS in Životné prostredie Vol.45, No.2, pp.83-882010 

Cirbus, J., Mudroň, I., Podhoranyi, M., Belaj, P. (2011): Simulácia viacsmerného odtoku 

kvapaliny s využitím princípov celulárneho automatu. In: Konference GIS ESRI 2011. Praha. 

Mudroň, I.; Richnavský, J.; Bobáľ, P. (2010) Optimalizácia využitia krajiny pre ornú pôdu v 

hornom povodí Čebovského Potoka. In: Konference GIS ESRI 2010. Section of posters. 

Prague. 

Mudroň, I. et al. (2011): Možnosti environmentálního modelovania prírodných javov. GIS 

ESRI 2011 conference. Section of posters. Praha. 

Mudron et al. (2012): Modelling the Uncertainty of Slope Estimation from LIDAR - derived 

DEM: A Case Study from Large-Scaled Area in Czech Republic in Sympozia GIS Ostrava 

2012 Proceedings - Surface Models for Geoscience, Ostrava 23. - 25.1.2012, ISBN 978-80-

248-2558-8 

Podhorányi M. a kol. (2001): Digitálne výškové dáta pre modelovanie povodní: hodnotenie 

presnosti DMR in Sympozia GIS Ostrava 2011 proceedings, Ostrava 23. - 26.1.2011 

Richnavský J., Biskupič M., Mudron I., Devečka B.,Unucka J., Chrustek P., Lizuch M., 

Kyzek F., Matejíček L., (2011): Using modern GIS tools to reconstruct the avalanche: A case 

study of Magurka1970 in Sympozia GIS Ostrava 2011 Proceedings, Ostrava 23. - 26.1.2011 

Unucka et al. (2011): Srovnání možností využití semidistribuovaných a distribuovaných 

srážkoodto-kových modelův lesnické hydrologii na příkladu povodí Ostravice [Comparison of 

possibility to use semidistributed and distributed rainfall-runoff models in forest hydrology on 

the example of Ostravice catchment] in Zprávy lesnického výskumu, vol. 56, (1), pp. 68 - 81. 

Mudron et al. (2012): Land use evolution, change and optimization: A case study from 

Cebovsky Potok upper river-basin in International Multidisciplinary 12th Scientific 

GeoConference SGEM 2012 proceedings, Volume 2, pp. 1087-1094, ISSN: 1314-2704. 

Podhoranyi M., Mudron I., Cirbus J., Unucka J. (2012): Flood impact assessment using 

hydraulic modelling: A case study from Stonavka and Olse river confluence area, Czech 

republic in International Multidisciplinary 12th Scientific GeoConference SGEM 2012 

proceedings, Volume 3, pp.671-678, ISSN: 1314-2704. 



Mudroň I.: Land use change and optimisation regarding to natural hazards 

117 

 

Mudron et al. (2012): Elevation error modeling and propagation in slope estimation: A case 

study from Olse and Stonavka confluence area in Spatial Data Handling 2012 proceedings, 

Bonn, Germany. 

Mudron I., Richnavský J., Chrustek P., Biskupič M. (2012): Snow avalanche risk assessment 

in teritorial planning: Case of Magurka in Advances in Avalanche Forecasting proceedings of 

Avalanche Warning Service, Podbanske 2012. 

Mudron I., Pachta M. (2013): Pedestrian network design and optimisation based on pedestrian 

shortcuts and needs in Sympozia GIS Ostrava 2013 Proceedings - Geoinformatics for City 

Transformation, Ostrava 21. - 23.1.2013. 

Devečka B., Mudron I., Stromsky J., Belaj, P. (2013): Využitie GIS v technologii Digital 

Signage in Sympozia GIS Ostrava 2013 online proceedings, Ostrava 21. - 23.1.2013. 

Devečka B., Stromsky J., Mudron I., Krčmarik M. (2013): Modelovanie priestorových dát v 

Model Driven Development in Sympozia GIS Ostrava 2013 online proceedings, Ostrava 21. - 

23.1.2013. 

Mudron I., Podhoranyi M., Arnosova L. (2013): Environmentálny dopad antropogénnych 

aktivít na inundačné územia riek, prípadová štúdia z povodia Bečvy. Fórum mladých 

geoinformatikov 2013, 2-3.5.2013, Zvolen, pp. 1-8, ISBN 978-80-228-2518-4. 

Mudron I., Podhoranyi M., Arnosova L. (2013):  Delineation and assessment of aquatic 

ecosystems using hydrodynamic modeling: Case of river Becva catchment in 4-th 

International Multidisciplinary Conference on Hydrology and Ecology, HydroEco'2013 

proceedings, 13-16.5.2013, Rennes. 

Chupac L., Mudron I., Kana, K. (2013): Comparison of UML tools in 13-th International 

Multidisciplinary Scientific Geoconference SGEM 2013 Conference Proceedings, vol. 1, pp. 

23-28, ISBN: 978-954-91818-9-0, 16-22.6.2013, Albena, Bulgaria.   

Chupac L., Mudron I., Mensik M. (2013): Description and development software system by 

using TIL script and VDM in 13-th International Multidisciplinary Scientific Geoconference 

SGEM 2013 Conference Proceedings, vol. 1, pp. 93-100, ISBN: 978-954-91818-9-0, 16-

22.6.2013, Albena, Bulgaria. 

Kukuliac P., Horak J., Ivan I., Ruzickova K., Mudron I. (2013): The spatial concentration of 

the High-Tech manufacturing industries in Ostrava in 13-th International Multidisciplinary 

Scientific Geoconference SGEM 2013 Conference Proceedings, vol. 1, pp. 989-996, ISBN: 

978-954-91818-9-0, 16-22.6.2013, Albena, Bulgaria 

Devecka B., Mudron I., Belaj P., Drozdova M., Koroma S. (2013): Using GIS technology in 

digital signage in 13-th International Multidisciplinary Scientific Geoconference SGEM 2013 

Conference Proceedings, vol. 1, pp. 1057-1064, ISBN: 978-954-91818-9-0, 16-22.6.2013, 

Albena, Bulgaria 



Mudroň I.: Land use change and optimisation regarding to natural hazards 

118 

 

Podhoranyi M., Kocyan T., Mudron I., Unucka J. (2013): The development of application for 

assessment the effect of linear technical barriers on the flow in the river basin Olsa in 13-th 

International Multidisciplinary Scientific Geoconference SGEM 2013 Proceedings, Water 

Resources, Forest, Marine and Ocean Ecosystems, pp. 373-380, ISBN: 978-954-91818-9-0, 

16-22.6.2013, Albena, Bulgaria. 

Mudron I., Podhoranyi M., Devecka B., Bakay L. (2013): Modelling the uncertainty of slope 

estimation from a lidar-derived DEM: A Case study from a large-scale area in Czech 

Republic in GeoScience Engineering, vol. 59, no. 2, pp. 25-39, ISSN 1802-5420. 


