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Annotation 

 

 The research of the diploma thesis is dealing with finding the optimal land use in the 

research area. Land use optimalization has been found by using advanced statistic methods. 

The result has been evaluated with emphasis on material natural resources as well as with 

consideration to non-material needs of society. The non-material needs are presented by 

limitation of single kinds of land use by erosion, because land use changes may dramatically 

enhance erosion risk. The environmental issue is covered by some results and conclusion of 

the research. The main aim is the best and optimal use of natural resources for ensuring the 

needs of the society without any irreversible impact to the environment.   

The first part is about the theoretical background of the land use optimalization. The second 

part is dealing first with theoretical basis of erosion and realizing the implementation of 

RUSLE and USPED models in the area. It outputs partial results, which are the limitation 

areas for the individual categories. The important part of this part is the terrain research and 

monitoring the erosion in the area. It makes possible to check the result of the erosion 

simulation. The third part is focused on sampling and static process of the data. The sampling 

is based on long term development of the land use in the similar areas. The statistic methods 

are to compare the difference between the values of factors determining the land use and the 

differences inside the values for all factors. The p-value is not only the decision border, it is a 

scaling tool too. The limit values are given by 6σ rule for normal distribution or by Gastwirth 

median and distribution calculations. The fourth part represents the way of making the 

synthesis, the main result in a form of map. The last part is the presentation of the results, 

description of its characteristic features and conclusions. The result covers the economic 

issues too, what is the biggest struggle and skipped point of most other procedures, because of 

the complexity of market demand.  

 

Keywords: land use, soil erosion, GIS, optimalization, RUSLE, USPED, factor, 

synthesis, Test of variance, Goodness-of-fit test, independent sample, robust test, synthesis 
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GKÚ – Geodetic and cartographic institute   

e.g. – for example  

etc. – and so on  

GRASS – Geographic Resources Analysis Support System  
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HPJ – Soil units (nomenclature according to the World Reference Base for Soil 

Resources) 
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no. – Number  

SR – Slovak republic  

MCE – Multi-criteria evaluation  

SHMÚ – Slovak hydrometeorological institute   

t. – Ton, 1000 kilograms   

UMB – Matej Bel University  

VÚC – Self governing region   
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1 Preface 

 

For centuries, humans have been altering the Earth’s surface to produce food and gain 

material or energy through various activities. In most regions, these changes are thought to 

have been driven by the complex interaction of physiographic and socioeconomic factors. 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. If the human activity does not follow the rules of the nature, there is a great chance of 

something going wrong. The erosion is one of the threats, what can happen. It needs to be 

understood as essentially natural process, which appeared long time before the evolution of the 

first kind of human being. Therefore the land use optimalization can be understood as well as 

the prevention as the protection against the erosion. And this is the main idea solved in the 

following research.  

At present, soil erosion is a widespread environmental problem threatens human being 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 [1]. Land use optimization at small watershed 

scale is the key measure to control soil erosion, restore the eco-environment and improve the 

peoples’ living standard. Slovak republic is not an exception at all. The current state of the 

quality of soil in SR cover is a result of centuries of natural development. Most of the territory 

(95%) is specified as rural land, where agriculture and forestry are the main activities. The 

most serious problem regarding degradation of agricultural soil is the one posed by soil 

erosion. Water erosion processes potentially threaten 43.3% of agricultural land. The potential 

for wind erosion in SR is relatively low (only 1.3%). The Flysch areas of the north part of 

Slovakia are the most endangered by erosion. The second most endangered areas are the 

slopes, where the Neovulcanic formation meets the Neogene geological structures. It occurs 

mostly in central Slovakia, where is the research area. Among the soils are the Haplic Luvisols 
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the one, which are the most times eroded. While Haplic Luvisols form a significant portion of 

the research area, the study of erosion becomes more important and necessary to get the result. 

But we need to remember the other dimensions of the nature. We should not see the nature 

like the unlimited resource for free, but as well as the place – environment, where people 

should feel comfortable and happy. In the environment may retain the things making the 

location unique and somehow interesting. The well being depends on nonmaterial values and 

feelings too. So not only using the most perspective and productive activities and land use is 

the key to the result. And this is the second main idea solved in the research. 
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2 Objectives 

 

The purpose of the research is to optimalize the possible land use in the research area as 

well as with emphasis on material natural resources, as with consideration to nonmaterial 

needs of society. Every other objective is an intention following the main purpose or 

sustaining and advancing the resulting purpose. It has been choose a statistical way to get the 

results. It is a nonstandard technique, which can be compared with the generally used MCE or 

other techniques.  

 

The collateral objectives: 

 

 To apply erosion models in the research area and to specify the relation to the land use 

optimalization 

 To create the digital model of terrain in the research area 

 To create maps of erosion and compare them following the reality 

 To generate random samples 

 To select the suitable factors determining the land use optimalization 

 To analyze the factors with suitable statistic technique 

 To create the map of land use optimalization through the synthesis 

 Factor analysis and its signification in solving the land use optimalization 

 Personal improvement 
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3 Methodology 

 

The land use optimalization is a result of a complex process, which is influenced by many 

factors. For that reason it is good to involve more of these factors in the process. And this is 

the point, where the erosion and land use optimalization becomes real demanding on quality 

and quantity of the input data. The result’s accuracy is dependent also on the selected method 

of processing the data. To realize a good simulation leading to a credible result takes a lot of 

time. So it is important to control the time cost. Gathering the data, processing the data and the 

main simulation cost different time. It took two times so long to process the data as to gather 

them and it took seven times longer to process them as to simulate the erosion and optimalize 

the land use.   

Finally it is necessary to prove the results and quantify the error. There are more ways how to 

get the result, so it is possible to compare the single solutions of problem. But all of these 

methods have something common – the input data. Thus whatever method we choose, if the 

input data are bad, then the result is bad too. It is called “Garbage in, garbage out”.  

 

3.1 Data gathering 

After the objectives to solve are clear and the way of realization has been chosen, the 

data gathering is the first step to do. The importance of input data has been shown before. The 

detail recognized in input data is the clue to a good result. Land use optimization at a small 

watershed scale indicates high exactness of input data. It has been collected data of 

hydrometeorology, soil found, land cover, geomorphology, land use, human activities, urban 

planning and collection of laws.   

The most important geomorphological input data is the digital model of terrain. Topographic 

quadrangle raster maps at a scale of 1:10000 and 1:5000 have been chosen to create the DEM. 
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The data source used to create it. The whole catchment is covered by map sheets 46-12-18, 46-

12-14, 46-12-19 and 46-12-24, which were the main data source. The most difficult parts were 

supplemented by information been a part of the map sheets Modrý Kameň 6-4, 6-5, 7-4, 7-5, 

which are at a scale of 1:5000. Both types of map are large-scaled. They were purchased in 

GKÚ Bratislava. Random sampling and statistic operations used the data made of collective 

work of GIS students of UMB, where I took a part.   

The underlying hydrometeorological data were provided by SHMÚ. It is the main state 

institute responsible for acquisition, processing and evaluation of the data in Slovak republic. 

The base is made up of stations, monitoring hydrology, climate or both of them. The 

significant stations are located in Dolné Plachtince, Čebovce, Čelovce, Nenince and Sucháň.  

The underlying legislative documents were found in electronic Collection of Laws of SR [20]. 

It comprehends the most important law nr. 199/2008, what is dealing with land use limitation 

and others e.g.: nr. 543/2002, 184/2002.   

The urban and regional planning documents used to fulfil the research are KURS (Conception 

of territorial space development of Slovak republic), ÚPN VÚC Banská Bystrica (territorial 

plan of self governing region) and ÚPO Čebovce (municipal plan of cadastral community 

Čebovce).   

The gathered soil found data were provided by Forest Management Institute Lesoprojekt 

Zvolen and VÚPOP. The first provided detailed data of forest soils and the second the rest of 

the soils (scale 1:5000).   

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, it was necessary to do the terrain research.  

Next sources of input data were consultations with specialist – land use, erosion, agriculture, 

law, forestry etc., and terrain research – retrieve soil samples, land use borders, erosion and 

others.  
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3.2 Software tools 

It has been used the following software products for the achievement of the goals 

mentioned in the chapter objectives:  

MS Word 2007 – text editor used to write the diploma thesis.  

ArcGIS Desktop 9.2 - an integrated collection of GIS software products, that provides a 

standards-based platform for spatial analysis, data management, and mapping. It has been used 

as data convertor, for analyses, synthesis, visualisation, randomized sampling etc. It was the 

most often used software.   

Microstation 95 – is a CAD software product for 2- and 3-dimensional design and drafting. It 

has been used making the DEM.  

GRASS GIS 6.1 – is a Geographic Information System (GIS) combining powerful raster, 

vector, and geospatial processing engines into a single integrated software suite. GRASS 

includes tools for spatial modelling, visualization of raster and vector data, management and 

analysis of geospatial data, and the processing of satellite and aerial imagery. It also provides 

the capability to produce sophisticated presentation graphics and hardcopy maps. It has been 

used to calculate LS-factor of RUSLE.  

Adobe Photoshop 7.0 CE – is a graphics editing program for commercial bitmap and image 

manipulation. It has been used to improve on output maps and charts.  

MS Excel 2007 – is a powerful tool allowing creation and format spreadsheets, analyze and 

share information to make more informed decisions. Its advantages were utilized to make 

various charts, tables, calculations. In addition it has been used in the optimalization part 

doing the t-test, Pearson’s χ² test, Levene Test of Equality of Variance and Mann – Whitney U 

test, Wilcoxon signed-rank test.  

Statgraphics centurion XV – is widely used statistical software package for exploratory data 

analysis, statistical modelling, design of experiments, time series forecasting, quality 

improvement and Six Sigma. It contains over 160 statistical procedures. Its benefits helped to 

process and solve χ² tests, Mann – Whitney U test, Kruskal – Wallis test, Barlett’s test, post 
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hoc test (LSD), Wilcoxon signed-rank test, descriptive statistics as well as view various charts 

and tables e.g.: frequency table, barchart, mosaic chart etc.  

SPSS 15 – is software, which encapsulates advanced mathematical and statistical expertise to 

extract predictive knowledge that when deployed into existing processes makes them adaptive 

to improve outcomes. It has been chosen to compare some of the resulting values given by 

Statgraphics and Excel, e.g.: Mann – Whitney U test, χ² Goodness-of-fit test.   
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4 Allocation of the research area 

 

The Čebovský potok upper river-basin is a small part of watershed located in the southern 

part of Slovakia with an area of about 20.37 km
2
. According to the administrative division, it 

is situated in Banskobystrický region, in Veľký Krtíš district and in Čebovce, Kosihovce, 

Príbelce, Stredné Plachtince and Horné Plachtince cadastral units.   

According to the Geomorphologic units, the north part of the research area is a part of 

Carpathian Mountains subsystem, Western Carpathian Mountains province, Inner Western 

Carpathians subprovince, Slovenské Stredohorie region, Krupina Plain unit, Modrokamenské 

Úbočie and Dačov Lom Plain subunits. The southern part belongs to Carpathian Mountains 

subsystem, Western Carpathian Mountains province, Inner Western Carpathians subprovince, 

Lučenec- Košice Depression region, Southern Slovak Basin unit, Ipeľ Basin subunit and 

Čebovce Heights part. See map 1 and 2. 

 

Map 1: Čebovský potok upper river-basin location 
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Map 2: Čebovský potok upper river-basin detail.  
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4.1 Basic characteristic of the research area 

 

In the nature (both remoulded and influenced by human activities) are all features in 

constant relation. The features are influencing their surroundings and cause changes. It is 

happening in energy, material, information and mass flows in all possible direction, mostly 

indicated as vertical or horizontal relations. There is a point, when it is not possible to separate 

individual parts of the landscape and describe it without reflection to the other ones. Except 

the outer relations between the spheres, there are the inner ones between the components. 

They are most visible, when the features described separately. But in real, they work together 

with the other ones in the same time. The separation needs to be done carefully, when 

necessary. The output product of both, spheres and relations is the countryside. And as a unit it 

has to be understood and described too.  

The north part of the area is formed by neovulcanic formations of Krupina Plain. It is merely 

made of pyroclastic breccias, agglomerates and pyroclastic flow deposits of Badenian 

pyroxene and hornblende-pyroxene andesites and its epiclastic volcanic sandstone form in the 

enclosed areas of the river Čebovský Potok. This is the proof, that this area was formed by 

older stratovolcanoes of central Slovakia. In this and surrounded region the rivers found their 

way cutting the bedrock in northeast-southwest direction all the way to the Ipeľ Basin, where 

finally mouth into the river Ipeľ. The valleys’ vertical elevation change varies from 20 to 200 

meters (the largest difference is under Krehora spot height 557 m. over the sea level). The 

highest elevation point is the spot height Španí Laz. Španí Laz is the Veľký Krtíš district’s 

tallest mountain, rising 643.1 meter over the Baltic Sea floor.   

Within only 0.8 km the vertical elevation changes by 160 meters in average across the 

southern face of the Krupina Plain. The countryside changes rapidly. The valley opens into the 

Čebovce Heights, a part of Neogene sediments and deposits. And this contact area represents 

the second most endangered area by water erosion in the Slovak republic.   

The bedrock is mostly formed by grey and varied siltstones, claystones, sandstones, 



Ivan Mudroň: Land use optimalization related to erosion in the Čebovský Potok upper river-basin 

20 

 

conglomerates, gravels, evaporites, thin coal seams; known also as Modrý Kameň Formations, 

more precisely Karpatian age. Locally is bedrock represented by Ottnangian grey claystones, 

sands, carbonaceous clays, coal seams (Salgótarján Formations).   

The bedrock was the base of mineral rich soils in the long term process of their creation. In the 

upland are most common Eutric Cambisols and Albic Luvisols. In the Čebovce Heights are 

most common Albi-Haplic Luvisols, which are deeper and with slightly dry soil moisture 

regime. The upland soils have slightly moist regime. The soils are loamy, locally sandy-loamy 

or clayey-loamy. The soil reaction varies between moderately acid and highly acid reaction. 

Soil is the rooting zone for plants and the filtration medium that influences quality and 

quantity of waters. It has been created by organisms, climate, geologic process and chemistry 

of aboveground atmosphere. This are not spread equally on the surface. Thereby a resulting 

soil doesn’t differ only in quality but quantity too. Both determine the human activities such as 

agriculture in the area. The soil on the slopes is shallow and merely not suitable for 

agricultural use. The best and deepest are the soils in the heights. The arable lands covers there 

most of the surface. The soils of plain are not that deep and contain more bedrock fractures in 

the profile. As it can be seen, the soil has a close correlation with the land covering flora. The 

actual vegetation is not the same as it was before the people changed it. There were no 

coniferous trees and agriculture patterns as vineyards, arable land etc.  

Potential neutral vegetation were up to 90% Carpathian oak-hornbeam forests. Among the 

trees growing these areas were Carici pilosae-Carpinetum, syn. Querco-Carpinetum 

medioeuropaeum (Quercus petraea, Carpinus betulus, Tilia cordata, Acer campestre, Carex 

pilosa, Dentaria bulbifera, Tithymalus amygdaloides). The rest covered Oak forests with 

Quercuss cerris (Quercetum petraeae-cerris Quercus cerris, Quercus petraea, Quercus 

dalechampii, Quercus pedunculiflora, Carex montana, Lembotropis nigricans, Vicia 

cassubica, Pulmonaria mollis, Poa angustifolia) and in the surrounding areas of height spot 

Krehora was Submontane beech forest (Fagenion p. p., Dentario bulbiferae-Fagetum - Fagus 

sylvatica, Carpinus betulus, Acer platanoides, Carex pilosa, Dentaria bulbifera, Festuca 

drymeja, Galium odoratum) . 
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LAND COVER 
AREA 
[ha] 

PROPORTION  
[%] 

LAND COVER 
AREA 
[ha] 

PROPORTION  
[%] 

Vineyards 63.69 3.13 Urban fabric 27.3 1.34 

Gardens 42.85 2.10 Cemetery 1.69 0.08 

Orchards 7.36 0.36 Road network 74.36 3.65 
Grasslands and 
pastures  188.12 9.23 

Industrial or 
commercial units  

5.61 0.28 

Srubs and transitional 
woods 54.14 2.66 

Mineral extraction 
sites  

0.69 0.03 

Coniferous forests 11.35 0.56 Arable land 203.31 9.98 

Mixed forests 8.01 0.39 Bare rock 0.68 0.03 

Broad-leaved forests 1324.24 65 River bed 17.36 0.85 
Parks and green urban 
areas 0.45 0.02 

Moor and 
marshes 

0.4 0.02 

Forest steppes 3.88 0.19 
 Sports and leisure 

areas 1.58 0.08 
ALL 2037.14 100 

Table 1: Land cover types. Source: Mudron 2010 

 

The land cover adapted to the conditions of the region. It is obvious, that there is not going to 

grow banana or sugar cane in plantation but on the other side it would be wrong not to use the 

countryside for the plants needing the whole vegetation period, what the climate offers. There 

are two main types of agricultural landscape, the one lying on the plain, and other one down in 

the Ipeľ Basin. The first type is landscape with comparatively long vegetation period, 

comparatively mild winter, medium needs of additional moisture and with very strong or 

strong potential water erosion. The second one is a type with long vegetation period, 

comparatively mild winter, high needs of additional moisture and with moderate potential of 

water soil erosion. The area is a piece of agricultural landscape maize-wheat-viticulture with 

low rate of cattle and medium rate of pig raising region (Type of landscape with prevailing 

share of arable land). The characteristics are mentioned in tables two and three [11].   

The coefficient of production rate is calculated out of the summary table values and potential 

of the area to produce certain amount of product. The value 204 is in comparison with the 
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other regions (best arable areas of Slovakia 372 points and the worst with 86 points) at the end 

of the more productive agriculture regions of the country (figure 3 in appendix). 

 

Percentage of the agricultural land / calculated rate of agricultural production 

Vineyards Wheat Rye Barley Oats Maize for grains Potatoes Sugar beet 

3.92 19.3 1.46 6.9 1.82 3.78 1.13 0.81 

78.4 19.3 1.46 6.9 1.82 18.9. 5.65 4.05 
     Table 2: Use of agricultural landscape regions characteristics. Source:Zelený K. 2000 

 

Number per 100 ha of agriculture land / 
calculated rate of agricultural production Coefficient of 

production rate 
Cattle Pigs Sheeps 

24.65 69.41 11.61 
204 

45.75 20.70 2.33 
     Table 3: Use of agricultural landscape regions characteristics. Source:Zelený K. 2000 

 

Following the tables one, two and three it is possible to see, that the research area differs a bit 

of the average calculations of the area portions for each category. First in the tables two and 

three are numbers just for the agricultural land and in the table one are the area portions for the 

whole area, where just the broad-leaved forests taking 65% of the area. The area data differs 

after recalculation too. There are more reasons. One of them is easy to see by the map of the 

whole agricultural landscape region map. The research area covers only the north part of it and 

is not a good representative of the whole profile of the region. Vineyards cover 13% (4% in 

region) of the area, pastures and grasslands 37% (36%) and arable land 40% (57%) of the 

agricultural soils. The research area is situated partly of the south and south-east slopes of 

Krupina Plain, where mineral rich soils, good climate are suitable for the traditional grape-

vine plantation and vine production. Thereby the area follows the main axis of the Central-

Slovak viticultural region. It is a part of Modrý Kameň viticultural district. That is why there is 

the portion of vineyards greater the in the rest of the region. It can be said, that this area (and 

surrounding same areas) is responsible for the “viticulture” and “cattle raise” partial naming of 



Ivan Mudroň: Land use optimalization related to erosion in the Čebovský Potok upper river-basin 

23 

 

maize-wheat-viticulture with low rate of cattle and medium rate of pig raising region. And 

how it was explained before, because the complexity of the nature and countryside it is hard to 

delimitate or define homogenous regions. And this one is no exception.   

The most often grown crops in significant quantities are wheat (Triticum spp.), rapeseed 

(Brassica napus), barley (Hordeum vulgare), less sunflower (Helianthus annuus), fodder 

crops as Alfalfa (Medicago sativa), Red clover (Trifolium pratense), Alsike clover (Trifolium 

hybridum), trefoil (trifolium), barley, wheat and corn for silage, felse oat grass and some 

others.   

The subjects farming the arable land use two different cycles of crop changes. It keeps the soil 

producing continuous high harvest, with additional fertiliser application of course. The change 

manage that the soil is not loosing the same nutrient base over the years, because of fertiliser 

application process. So the soil can stay productive.   

The first cycle is 5 respectively 6 years long. It is practised on the arable land with some 

threats or less fertile soils, which can also lead to degradation of soil (not perfect slope etc.). 

The first three years there are grown fodder crops, then wheat for two years and finally 

rapeseed. The cycle can be repeated without the first three years period, but then is skipped a 

year of growing wheat. Or there is an alternative of this cycle, which is shorter by skipped a 

year of wheat. This for at the first glance small changes, they are not, can be managed by 

professionals by observing the weather conditions or soil production. Just to skip a year of 

wheat makes the soil refill its production level by sufficient fertiliser application.   

The other cycle is by growing wheat, maize, barley, wheat. Barley cultivar Hordeum vulgare 

L. and wheat can be cycled twice. There are procedures how to add and grow some other 

crops.  

 

Crop rapeseed maize wheat barley 

average harvest  3 t/ha 7-8 t/ha 5 t/ha 3 - 3.5 t/ha 
Table 4: Average harvest of the main crops of the area in tons per ha. Source:Zaťko 2010 
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As it was mentioned before, climate is very important element, which influences many 

components and processes in the nature. The research area is in warm region with 50 or more 

summer days annually in average and with daily maximum air temperature over 25 ˚C. The 

flat parts of Krupina Plain belonging to warm, moderately dry subregion with cool winter. The 

hillsides and heights belonging to warm, moderately dry subregion with mild winter. The two 

most important indicators are the temperature and precipitation. The processes in atmosphere 

are very complicated and weather forecast is very difficult. The variation in values of 

temperatures, radiation, precipitation are so significant and unpredictable (stochastic), that the 

people are certainly not able to predict the weather even for 10 days not for the whole year. 

Long term measurements are one of the most exacts methods how to get a serious report of the 

climate. However a part of it are 10, 25, 50, 100 years time periods values, which showing a 

chance of happening an extreme occasion value in the specific time period. The important 

values for the research are the long term measurements values. Next to the precipitation wind 

is an element, which causes erosion too. The most endangered areas are the highest north, 

west, north-west and north-east slopes of Krupina Plain. The wind charts are attached in 

appendix. 

 

Occurrence of wind direction [%o] 

 CALM N NE E SE S SW W NW Sum 

CALM 189.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 189.1 

0 - 2 m/s 0.0 47.3 136.1 78.6 56.5 72.7 62.1 54.6 69.5 577.5 

2 - 4 m/s 0.0 15.8 37.3 22.2 10.3 16.1 20.7 21.5 35.5 179.4 

4 - 6 m/s 0.0 5.2 6.4 2.7 1.3 2.9 4.0 6.4 13.1 42.1 

6 - 8 m/s 0.0 1.0 0.8 0.2 0.1 0.2 0.7 1.8 3.7 8.5 

> 8 m/s 0.0 0.3 0.3 0.0 0.0 0.1 0.1 0.9 1.6 3.4 

>=0 m/s 189.1 69.6 181.0 103.7 68.2 92.1 87.7 85.2 123.4 1000 

 Table 5: Occurrence and speed of the wind. Source: station Dolné Plachtince 
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Station  \ 
month 

I. II. III. IV. V. VI. VII. VIII. IX. X. XI. XII. All 

D. Plachtince 
228 m 

57.1 48.9 37.3 0.7 69.9 71 17 67.1 64.9 42.7 45.6 33.4 555.6 

Čebovce 
216m  

70.4 53.3 43.6 3.4 60 82.6 16.1 99.2 70.3 55.3 55 27.7 636.9 

Nenince 
172m 

56.7 45.4 39.3 0 54.9 67.1 21.3 80.4 61.1 43.5 53.4 37 560.1 

Čelovce 
346m 

69.6 53.7 60.8 3.1 78.5 65.3 17.3 122.4 73.1 53.7 70 33.7 701.2 

Sucháň 
499m 

74.8 39.1 51.4 1.8 69.6 49.3 12.8 66.8 77.1 56.8 53.3 38.5 591.3 

Table 6: Annual and month precipitation [mm] period in 2007. Source: station SHMÚ 

 

Station \ 
month 

I. II. III. IV. V. VI. VII. VIII. IX. X. XI. XII. All 

D. Plachtince 
228m 

32.9 30.5 34.4 49.5 62.8 73.2 61.8 56.1 49. 42.8 48.7 42.3 584.1 

Čebovce 
216m  

35.9 31.6 35.8 46.1 66.1 65.1 64.5 50.9 46.1 45.8 47.8 43.6 579.2 

Nenince 
172m 

34.3 32.2 34.9 44.7 61.2 69.1 63.6 49.2 42.7 38.6 45.7 43.9 560.3 

Čelovce 
346m 

41.3 35.6 40.9 50.9 71.3 77.9 69.7 56.6 51.7 49.4 53.7 48.4 647.3 

Sucháň 
499m 

39.3 37.7 39.7 52.5 73.3 75.9 66.9 64.4 56.3 47.2 54.8 47.1 655 

Table 7: Average annual and month precipitation [mm] for years 1982 - 2007. Source: station SHMÚ 

 

The higher laying parts have less sunshine then the lower lying. The same is for the south and 

southwest slopes, where shines the sun the most time in the area. The north and northeast 

slopes have least sunshine. Due to the elevation profile the mean annual temperature vary 

between 11.6 and 10.6 ˚C (of course lower for upland). The exceptions are some areas deep in 

the valleys due the shadows of the surrounding hills. The global radiation is around 1300 – 

1350 kWh/m
2
 for lower lying areas and 1250 – 1200 kWh/m

2
 for upland. It leads to shorter 

vegetation length, snow cover length differs in more then 20 days between the south parts and 

north slopes of Španí Laz.   

The area has a low occurrence of fogs. The plain areas refer to position with moderate 

inversion and the heights are position with average inversion with a couple more foggy days. 
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As it can be seen in table 7, with growing altitude is the amount of precipitation greater and on 

the other side the temperature lower. The measured temperatures are in appendix’s table 1. 

The vegetation period for crops begins in march / april and ends mid - october. However it 

depends on kind of crops and climate in the year. For example just for the vine-grape varietes 

vary the length: 110 to 115 days for Irsai Oliver and Pearl of Csaba, 115 - 125 days for 

favorite and Julski biser, 130 – 145 days Muller Thurgau, Malvasia negra, 160 – 180 days 

Risling, Blaufränkisch, The vegetation period is relatively long, with mean temperature 16.9˚C 

and 1550 hours of sunshine in the year
1
. It is good enough to plant sugar beet (Beta vulgaris 

ssp. esculenta var. Vulgaris). The other crops were mentioned before, the vegetation period is 

much longer then the threshold value except for the sugar beet (just couple of days). So the 

stochastic behaviour of the weather has a smaller effect on ripening end state. [12]  

Livestock production reaches not the percentage portion as the vegetable production. The land 

is capable to produce in the current land use situation produce enough fodder crops. The plain 

areas and less rich soils on the slopes are suitable for grassland and pastures use. Using the 

first cycle is also good for planting crops for silage. Due to small research area and smaller 

importance of the region (with others in Slovakia) is the result not transparent and don’t lead 

to true valid numbers of the whole area. The livestock production is a important cycle of the 

agricultural production. It makes able to use the worse arable areas too, and produces 

fertilizers. The surrounding areas (including research area) have in average 85 cattle units per 

100 ha. Pig raising has a historical background, nowadays it is not spread like before. There is 

no subject raising pigs at all. Many small farmers are raising pigs and some of them cattle too 

on their own.   

Climate is close to the hydrology. The precipitation is adding water, by freezing the soil or 

accumulating the precipitation in form of snow is rapidly influencing the rivers and their water 

in the trough. In the area are flowing two main rivers, Čebovský Potok a III. category river and 

it’s IV. category right side tributary stream Cerina. Then they mouth together into river Ipeľ. 

Ipeľ is a tributary of Danube. So the area is a part of Black sea drainage basin. Ipeľ as well as 

Cerina and Čebovský Potok have rain-snow combined type of runoff regime.   

                                                 
1 The values for the Čebovce Heights, in the upland are smaller 
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Geology has a important place in hydrology. The two spheres touch each other all the time. 

There are more springs in the volcanic upland areas then in sedimentary heights. However 

most of them have small quantity – less then one liter per second. The most important water 

sources are in the Cerina watershed. They (most of them together) are rich enough to supply 

circa 1300 people. There is none among them discharging more then 30 l/s. The area is 

crossed by an important overthrust line. In south-west east-north direction follows the Krupina 

plain border. It leads to a lot wells among them Cerina-wells too. The underground watered 

bed (horizon) has a very small bend toward to east - east-north.  
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5 Land use optimalization 

 

The optimization of land-use and its structure is the core of optimizing the allocation of land 

resources. The main reason is promoting an acceptable standard of environment and amenity for 

population. It has to maintain an efficient intensity of land use and safe levels of development. So it 

involves not only the present and near future planning, but a safe and proper way how to reach 

better future.   

It has been formed a number of decision methods based on quantity structure optimization 

such as Linear Programming, Multi-objective Optimization, Multi-criteria Optimization and 

System Dynamics etc., and spatial optimization methods which include Landscape Ecology 

and Cellular Automata (CA) model. However, the traditional optimization models of land 

resources are mostly limited to optimize the structure of quantity or space, lacking the 

effective unification of the quantity structure and space structure. Next is Particle swarm 

optimalization method, what is joining the spatial aspect with the quantity of resources in the 

space.   

The development of computer technology and geography information has offered a strong 

technical support for the analysis of spatial data when making spatial optimization decision for 

land-use. Combine the mathematical methods with GIS and realize the reasonable allocation 

of the land resources both in quantity and space, has become a hotspot to these researchers 

concerned, and it also promotes the development of scientific research about the land-use. At 

present, there have been several models such as Multi-objective Genetic Algorithm and Multi-

objective Cellular Automata, etc. Although genetic algorithm has strong capability of global 

optimization, it involves complicated map spot coding, which makes the program difficult to 

realize, and it doesn’t have strong capability of spatial correlation; the multi-objective cellular 

automaton model performs timing simulation by CA based on the results of multi-objective 

optimization, which can not realize trans-space search. Particle Swarm Optimization (PSO) is 
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a kind of evolutionary algorithms, derived from the research on the predation behavior of bird 

flock and it is able to analyze the data of multidimensional discrete decision-space in parallel. 

Although are they not perfect at all, because the complexity of the problem. [7]  

There have been chosen a statistic approach to optimalize the land use. The basic idea is to 

understand, that the land use optimalization is a long term process. It has been here for a 

centuries, starting when first time the man-kind started to change the environment. It has been 

through a lot states adopting to the needs of the society, changing determining factors (both 

socioeconomic and physiographic). And what are very basic and fundamental, are the four 

postulates the diploma thesis based on. First: the process always results to the best fit it could. 

Second: the process never stop, it is always changing with every changed factor. There is 

possible to repeat the bound between all elements, and factors. This is making the situation 

more mixed-up. Struggling with the complexity can lead to high time cost solution. Third is 

the continuity of the changes. They didn’t happen in steps. There was an experiment before, 

realized idea, which leaded to change. Maybe because the people are just hardly used to 

changes, and used not to risk, the changes came and come just by proved good solutions. 

Fortunately this is leading to avoid a risk of collapse of the whole society by making wrong 

decisions. It means also, that for a certain period the core of the specific land use type is 

stabilized and don’t change to other type of land use. The fourth postulate: some changes can 

effect irreversible modifications. Therefore it is good to avoid the ones, which harm the nature 

or endanger the best possible future land use in some way.  

And statistics can give an answer to all of these problems, of course with a certain confidence. 

On the other side the future can’t be forecasted, it behaves the same way. Therefore there is 

going to be more alternative results. And by passing some time and changes in the input 

factors will be reached the next optimal use. (chapter results and conclusions).  

The worst part of statistics is the easy way of miscalculations and wrong inputs. Since now 

there has been preferred different ways how to get the results. Fortunately statistics is an 

important part of other research approaches. So the problems are well known and the 

statistical approaches are validated and successful. So the greatest difficulty is in using good 

inputs (see chapter methodology). They are made of just a good knowledge of the research 
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area, which is prior to gathering the input values.  

The statistic approach should consider to nonmaterial needs of society and, as said before, 

avoid the irreversible modifications leading to degradation of the nature. One of the most 

common threats is the soil erosion. Therefore it has been taken a big issue to analyze it in the 

research area. The other ones are not that urgent in the research area, because of the law. The 

subjects, e.g. Biotika s.r.o. are limited by law not to harm around. Other limitations are the 

water sources protection as well as the nature protection (unique biotopes, animals and natural 

features). If this is achieved, then is the only point what matters, to raise the profit as much as 

possible. The main reason is economic aspect (profit), why most of the things are done.  

It was not also possible to change the utility of communications except the unpaved roads, 

urban fabric and outcrops areas and these areas had to be therefore subtracted from the entire 

watershed area and the rest area could be used for same kind of optimization. Here have the 

urban planning documents more significant values, then in the rest of the space. So if once a 

road was built, it is because the documentation and a part of it was an optimalization too. 

Therefore it is going to be made the chance of the urban sprawl but everything is going to be 

limited by urban plans at the end.  
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6 Erosion and factors 

 

Erosion is a gravity driven process that moves solids (sediments, soil, rock and other 

particles) 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 

bioerosion.   

Soil erosion has been occurring for some 450 million years, since the first land plants formed 

the first soil. So it is a natural process, but it has been increased by human activities, especially 

deforestation, agriculture and urban sprawl. The erosion happens due to change of the natural 

vegetation to a new one, which does not hold the soil particles so much together and the soil 

cover in place. The extreme case is the arable land, where significant greater rate of erosion 

than that of land under natural vegetation is raised by sustainable agricultural practices 

(tillage). However, improved land management practices can limit erosion, using techniques 

such as stream regulations, terrace-building, raising the land use diversity, conservation tillage 

practices and tree planting.  

The rate of erosion depends on many natural factors. Climatic factors include the amount and 

intensity of precipitation, the average temperature, as well as the typical temperature range, 

and seasonality, the wind speed, storm frequency. The geologic factors include the sediment or 

rock type, its porosity and permeability, the slope (gradient) of the land, and whether the rocks 

are tilted, faulted, folded, or weathered. The biological factors include ground cover from 

vegetation or lack thereof, the type of organisms inhabiting the area, and the land use. 
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6.1 The process and types of erosion 

Mechanism of soil erosion is determined by the factors and the interactions among 

them. The process occurs both incrementally, as a result of many small rainfall or wind-blow 

events, and more dramatically, as a result of large but relatively rare storms. It is the large 

storms which produce the big hard-to-miss erosive features such as deep gullies. But while 

erosion due to small common events may appear insignificant on the field, its cumulative 

impact may, over a long timescale, be severe.
2
 First step is to erode the surface, or to over-

saturate the soil horizon. Then is the movement in the steepest gradient direction - 

transportation. And finally it is the accumulation of the material in the depressions.   

In the area are most common wind and water erosion. The water erosion can be splash or 

fluvial erosion. The fluvial erosion is the result of the rivers and theirs tributaries. Due to the 

erosive character of the moving streams are the river banks covered by trees or the streams are 

altered. Bank erosion is the wearing away of the banks of a stream or river. This is 

distinguished from changes on the bed of the watercourse, which is referred to as scour.  

Name 
Length 

[m] 
Fall  
[m] 

Gradient  
[%] 

Height of 
source [m] 

Čebovský Potok3 9338 356 3.81 557 

Cerina  8403 348 4.14 549 

Table 8: The main streams characteristics Mudroň 2010 

 

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. The impact of the raindrop breaks apart the soil aggregate. Particles of clay, 

                                                 
2 Due to the area allocation is the marine coastal, thermal and ice erosion skipped. 
3 The characteristics are calculated only for the upper part of river 
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silt and sand fill the soil pores and reduce infiltration. After the surface pores are filled with 

sand, silt or clay, overland surface flow of water begins due to the lowering of infiltration 

rates. Once the rate of falling rain is faster than infiltration, runoff takes place. There are two 

stages of sheet erosion. The first is rain splash, in which soil particles are knocked into the air 

by raindrop impact. In the second stage, the loose particles are moved down-slope by broad 

sheets of rapidly flowing water filled with sediment known as sheetfloods. This stage of sheet 

erosion is generally produced by cloudbursts, sheetfloods commonly travel short distances and 

last only for a short time. A specific type of sheet erosion is soil flow. It is a movement of the 

top horizon over the underlying horizons due the different mechanic properties. The gap in the 

difference is greater, when the top horizons absorb more water. The pictures 1, 2, 3 of the 

appendix show an example in the research area.  

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. 

Flow depths in rills are typically on the order of a few centimeters or less and slopes may be 

quite steep. These conditions constitute a very different hydraulic environment than typically 

found in channels of streams and rivers. Eroding rills evolve morphologically in time and 

space. The rill bed surface changes as soil erodes, which in turn alters the hydraulics of the 

flow. The hydraulics is the driving mechanism for the erosion process, and therefore 

dynamically changing hydraulic patterns cause continually changing erosive patterns in the 

rill. Thus, the process of rill evolution involves a feedback loop between flow detachment, 

hydraulics, and bed form. Flow velocity, depth, width, hydraulic roughness, local bed slope, 

friction slope, and detachment rate are time and space variable functions of the rill 

evolutionary process. Superimposed on these interactive processes, the sediment load, or 

amount of sediment in the flow, has a large influence on soil detachment rates in rills. As 

sediment load increases, the ability of the flowing water to detach more sediment decreases. 

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 
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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. The narrow channels, or gullies, may be of considerable depth, ranging 

from 0.3 meters to as much as 30 meters. Gully erosion is not accounted for in the revised 

universal soil loss equation. Pictures 4, 5 and 6 of appendix show examples of rill erosion in 

the area. 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. [17], [23], [38]  

Wind erosion is as important with respect to toil as water erosion. Exclusively it appears only 

in arid areas, what is not the case of this area. The decisive factor in wind erosion is 

vegetation, the importance of which for soil conservation increases with increasing aridness. 

Both erosion meet in semi-arid zones, where they both occur in pronounced forms. One of the 

threats of the wind is the deflation – blow away is relevant to the removal of soil particles by 

wind erosion, and does not concern with the soil which remains in situ. But wind also affects 

the soil, minerals and rocks which remain in situ on the wind-blown surface. This material, 

which may also include the bedrock, is worm down by wind-carried solid particles. This is 

also called wind abrasion or wind corrosion. Thermal changes, rain, insects and some other 

factors participate too. In the climatic area and geographic placement of the research is clear, 

that the wind erosion has only marginal contribution to the overall erosion. 

 

6.2 The erosion analysis 

 

There are two main types of erosion models. First are empirical models (USLE, 

RUSLE 2 etc.) and the second physically-based models (WEPP, SWAT etc.). The second 

group is here to replace the first one. They consider the spatial and temporal variability of the 

main erosion processes. On the second hand they are more sensitive to the input data. It has a 

higher probability then to get wrong results or higher time cost. While time limitation, 
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previous experience and main aim of the diploma thesis, there was chosen the empiric model 

RUSLE 2. In case of time cost it is about the precision in input data (they require more inputs 

too), also in verification (284 points is not enough, and they were distributed merely in few 

locations). Previous experience showing difficulties to represent the real state of the erosion by 

physical models (Richnnavský), although they are more precise. The main aim is to find land 

use, what prevents erosion in situ, so it can be considered that the spatial relations are weaken. 

  

The Revised Universal Soil Loss Equation (RUSLE) is represented by the simple equation 

A=R*K*LS*C*P, 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.  

 

R factor 

It is the average annual summation (EI) values in a normal year's rain. The erosion-

index is a measure of the erosion force of specific rainfall. When other factors are constant, 

storm losses from rainfall are directly proportional to the product of the total kinetic energy of 

the storm (E) times its maximum 30-minute intensity (I). Storms with amount less than 12.5 

mm are not included in the erosivity computations because these storms generally add little to 

the total R value. 

R = E . imax 30                          [MJ.ha-1.cm.h-1 or J.m-2.cm.h-1] 

E – Kinetic energy of rain = (206 + 87 log is ), is - average rain intensity of storm [cm.h
-1

], If 

the storm period was shorter them 30 minutes, its value is 2.Hs – twice the amount of storm 

[cm]. In the climate of Slovak republic occur storms only in the vegetation period (April - 

October). Table 9 contains the percentage values for the months, how they participate in 

resulting R. The most dangerous storms are in spring and late autumn, because the land cover. 

The crops are harvest or they still didn’t appear at the certain time so the soil is not protected. 

However in this parts of the year are the storms not common. 
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month April May June July August September October 

factor R decomposition 

during the vegetation period  
0,5% 7% 26,8% 32,2% 31,1% 2% 0,4% 

Table 9: Factor R proportion for months in percentage. Source: Janeček, M. 

There are many other ways how to calculate the R factor. Pretl told that to calculate it is 

necessary to know only one parameter, H – average annual precipitation (1982-2007). Then 

the formula is: R = 0.058 * H + 10.5, another alternative is a modification of the previous 

formula, where factor R = 0.068*H.  

Due to missing values of intensities it was calculated the R factor out of the average annual 

precipitations in table 7. The EI values were counted only for the station in Dolné Plachtince, 

and then by using the ratio and interpolation was calculated the R factor. 

 

 

Station name H [mm] R = 0.068*H R = IE 

Dolné Plachtince 228m 584.1 39.72 
 

14.22 

Čebovce  216m 579.2 39.39 
 

14.10 

Nenince 172m 560.3 38.10 
 

13.64 

Čelovce 346m 647.3 44.02 
 

15.76 

Sucháň 499m 655 44.54 
 

15.94 

Table 10: Factor R values Source: Mudroň 2010 

 

Then the rest of the research area was divided into few parts, and for each was interpolated the 

value separately. Just one station has been directly situated in the area. The most important 

attributes were the distance and elevation. First were gotten the values for the Plain and 

Heights area. The rest was interpolated by elevation. Map 3 shows the R factor values. 
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Map 3: R values 
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K factor 

It represents both susceptibility of soil to erosion and the rate of runoff. Soils high in 

clay components have lower K values, about 0.05 to 0.15, because they more resistant to 

detachment. Coarse textured soils, such as sandy soils, have low K values, about 0.05 to 0.2, 

because of low runoff even though these soils are easily detached. Medium textured soils, such 

as the silt loam soils, have a moderate K values, about 0.25 to 0.4, because they are 

moderately susceptible to detachment and they produce moderate runoff. Soils having high silt 

content are most erodible of all soils. They are easily detached; tend to crust and produce high 

rates of runoff (values greater than 0.4). Organic matter reduces erodibility because it reduces 

the susceptibility of the soil to detachment, and it increases infiltration, which reduce runoff 

and thus erosion. Addition or accumulation of increased organic matter through management 

such as incorporation of manure is represented in the C factor rather than the K Factor. In 

RUSLE, factor K considers the whole soil and factor Kf considers only the fine-earth fraction, 

the material of <2.00mm equivalent diameter. For most soils, Kf = K.  

Soil structures affects both susceptibility to detachment and infiltration. Permeability of the 

soil profile affects K because it affects runoff. 

 

Textural class 
Organic matter content [%] 

0.5 2 4 

Fine sand 0.16 0.14 
 

0.1 

Very fine sand 0.42 0.36 
 

0.28 

Loamy sand 0.12 0.1 
 

0.08 

Loamy very fine sand 0.44 0.38 0.30 

Sandy loam 0.27 0.24 0.19 

Very fine sandy loam 0.47 0.41 0.33 

Silt loam 0.48 0.42 0.33 

Clay loam 0.28 0.25 0.21 

Silty clay loam 0.37 0.32 0.26 

Clay 0.25 0.23 0.19 

          Table 11: K values for different soil textures 
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Table 18 is a good clue to assign K values for soils. But in the case of good knowledge of soils 

in area is better to assign the values due to the single soils. In Slovakia are used BPEJ codes in 

pedology. Every single code contains 7 digits and represents a homogenous pedo-climate 

entity. These codes were used in the research. The third and fourth digits are the HPJ codes. 

The K values for all HPJ soil codes in Slovakia are in appendix’s table 2. Table 12 shows the 

soils in the research area and their K values too. 

 

Table 12: K value for soils of the research area sorted by HPJ value 

 

Special categories are urban fabric, communications, bare rock, (no lakes in the area), where is 

no erosion process happening because of missing soil. Therefore this area is assigned 0 value, 

which is resulting to no erosion output. It has been done by erase, intersect, union and final 

overlay functions in ArcGis SW (of course conversion too). 

HPJ  Soils 
K 

factor 
values 

00 Soil on steepest slopes - over 25˚ 0.72 

11 Eutric Fluvisols, gleyic, medium heavy locally lighter 0.34 

50 Haplic Luvisols, Stagni-Haplic Luvisols, locally Dystric Planosols, medium heavy 0.59 

51 Haplic Luvisols, Stagni-Haplic Luvisols, locally Dystric Planosols, heavy 0.50 

54 Haplic Luvisols, eroded, locally Regosols, 12-25˚ steep slopes, medium heavy,  heavy 0.51 

56 Albic Luvisols to Stagnic Glossisols and Dystric Planosols, Fluvic Pl., medium heavy 0.30 

57 Dystric Planosols, medium heavy – heavy, very heavy 0.30 

61 
Dystric Cambisols, Eutric Cambisols, Cambic Umbrisols, Luvic Cambisols, locally 

Cambi-Eutric Andosols, medium heavy 
0.31 

65 Eutric Cambisols, Eutric-Luvic Cambisols, medium heavy, heavy 0.41 

71 Eutric Cambisols,  Stagnic Cambisols, medium heavy - heavy, locally very heavy 0.30 

79 Dystric Cambisols, Cambic Leptosols, medium heavy, light 0.40 

81 Dystric Cambisols, 12-25˚ steep slopes, volcanic bedrock, medium heavy, heavy 0.40 

83 Dystric Cambisols, 12-25˚ steep slopes, medium heavy - heavy 0.40 

94 Fluvic Gleysols, medium heavy, heavy – very heavy 0.30 

- Bare rock, main communication, urban fabric   /  (no soil) 0 
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 Map 4: K values 
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LS factor 

L represents the effect of slope length on erosion. It is the ratio of soil loss from the field slope 

length to that from a 22.1-meter length on the same soil type and gradient. Slope length is 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 are not especially 

sensitive to slope length and differences in 10% longer or shorter slopes has not a serious 

influence (specially the flat landscapes).  

Slope lengths usually do not exceed 150 m. Slope lengths longer than 350 m. should not be 

used in RUSLE because the reliability of RUSLE at these long slope lengths is questionable, 

and flow becomes concentrated on most landscapes before such long slope lengths. The main 

areas of deposition that end slope length are at the base of concave slopes. The slope-ending 

depositional area on a concave slope is usually below where the slope begins to flatten. It can 

be assume that deposition begins at the location where the steepness is 1/2 of the average 

steepness of the concave area. Another difficulty is determining if a channel is a concentrated 

flow channel that ends a slope length. Channels that collect the flow from numerous rills are 

generally considered to be slope ending concentrated flow channels.   

S represents the effect of slope steepness on erosion. Soil loss increases more rapidly with 

slope steepness than it does with slope length. It is the ratio of soil loss from the field gradient 

to that from a 9 % slope under otherwise identical conditions. The relation of soil loss to 

gradient is influenced by density of vegetative cover and soil particle size. 

L factor and S factor are usually considered together. LS factors = the slope length factor L 

computes the effect of slope length on erosion and the slope steepness factor S computes the 

effect of slope steepness on erosion. Values of both L and S equal 1 for the unit plot 

conditions of 22.1 m. length and 9 percent steepness. Thus some values of L and S are less 

than 1 and some values are greater than 1. Strip-cropping or contouring does not affect the LS 

value. 
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Graph 1, 2: Factor L and Factor S values 

 

The formula for LS calculation according to [10] is: 

LS = ld
p
 * (0.0138 + 0.0096*S + 0.00138*S

2
), 

where ld – is continuous slope length, p exponent - involves influence of slope gradient (the 

increasing gradient increases the parameter p). For example on the slope of length 400 m and 

gradient 9% is the water erosion less intensive then on slopes with 15% gradient and 100 m 

length. LS value for the first one is 4.2, whereby in second case 4.7. It shows also, that the L 

and S factors are used together. Reducing the gradient to 10% on 100 m slope decrease the LS 

factor value to 3.5.  

For the calculation was used GRASS module r.watershed. The input of the analysis was the 

digital elevation model. While GRASS calculates small values (implicitly multiply them with 

100), it is necessary to divide the output LS factor values with 100. Spatial resolution 2x2 m is 

the same as before in all partial raster results.   

The values range between 0.03 and 26.35. Therefore it can be expected greater difference in 

erosion. Map 5 shows the result. 
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 Map 5: LS values 
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C factor 

C is the cover-management factor. The C-factor is used to reflect the effect of cropping and 

management practices on erosion rates. It is the factor used most often to compare the relative 

impacts of management options on conservation plans. The C-factor indicates how the 

conservation plan will affect the average annual soil loss and how that soil-loss potential will 

be distributed in time during construction activities, crop rotations or other management 

schemes. If a C factor of 0.15 represents the specified cropping management system, it 

signifies that the erosion will be reduced to 15 percent of the amount that would have occured 

under continuous fallow conditions.  

There are two C-factor options in RUSLE, a time-invariant option and a time-variant option. 

The time-invariant option is used when the conditions described by the C factor remain 

constant or do not change sufficiently over time to change soil-loss rates, such as on most 

rangeland or pastureland.   

The time-variant option is used when there are changes in vegetation and soil conditions that 

significantly affect soil-loss rates. Such conditions may occur in at least three ways. For 

reclaimed prime agricultural lands, crop rotation may be utilized consisting of a particular 

sequence of operations and crops that are repeated on an annual or longer cycle. The number 

of years in the rotation is entered into the RUSLE program, together with the operations and 

crops in chronological order. RUSLE computes sub-factor values for 15-day periods 

throughout the period of rotation and provides and overall rotational C value.   

The time-variant option for rotation also may be used for a pasture or range land where the 

vegetation varies significantly during the year. In the spring, the canopy and new roots 

systems develop, while in late summer, the canopy decreases due to the leaf-fall that adds 

litter to the soil surface and the roots slough that adds biomass to the soil. A one-year rotation 

captures this natural annual cycle of vegetation changes. The time invariant option cannot 

account for the accumulation of litter on the surface or the accumulation of biomass in the soil. 

[25] 
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Prevention Land Cover category 
C factor 

value 

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 

     Table 13: C factor prevention 

  

The values in the table 13 are completed with average values of crops grown on arable lands. 

In the gardens are 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 has been compute 0.405. In the orchards it is common to grow 

alfalfa (0.015) or grass (bluegrass 0.001, brome grass 0.002 or weeds). The same holds for 

vineyards. These were accounted to the P factor.  

The C values (for the 2 main cycles) were counted by the values for the crops. The first cycle 

has lower C value (0.14) and the second has 0.26. The mean value for non-irrigated arable 

land is 0.24, therefore the values are transparent. The first is suitable for less fertile soils and 

the value is reduced by fodder crops, which growing there in the beginning of every cycle. The 

values are not strict, can vary with the alternative modifications of the cycle.  

Other used values are: 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). 

Together 22 layers, where some of them have more values. 
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Map 6: C values 
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P factor 

P is the support practice factor. It reflects the impact of support practices on the average 

annual erosion rate. It is the ratio of soil loss with contouring and/or strip-cropping to that with 

straight row farming up-and-down slope. As with the other factors, the P-factor differentiates 

between cropland and rangeland or permanent pasture. Both options allow for terracing or 

contouring, but the cropland option contains a strip-cropping routine whereas the 

rangeland/permanent-pasture option contains other routine. For the purpose of this factor, the 

rangeland/permanent-pasture option is based on the support operation being performed 

infrequently, whereas in the cropland option the support operation is part of the annual 

management practice .  

 

Support practice Factor P value 

Nothing / fall line-tillage 1,00 

Contour ploughting 0,50 

Trench planting 0,35 

Strip-cropping 0,25 

Terracing 0,20 

Table 14: P values of selected support practice  Source: 9 

 

So if C factor is not included (trees next to river banks, pastures and forest on steeper slopes 

etc.), are terraces are most common in the research area. In some areas is strip-cropping, but it 

is an result as well as ownership as long term human experiences.  

Therefore the south-east slopes of spot height Devičí vrch have P value 0.2 due to terraces. 

Then the gardens, vineyards and orchards in private ownership have P value 0.1 and vineyards 

with strip-cropping have 0.25.   

There is arable land in the north part, where have been done drainpipes for drain the area. It 

has been assigned P value 0.125. The streams were regulated in two places (0.01).  

Rest of the area has P value 1, because of no support practice.  
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Map 7: P values 
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T factor 

T is soil loss tolerance expressed in tons per hectare per year. The T value is not directly used 

in RUSLE. However, it is important in the use of the soil loss equation for conservation 

planning. Soil loss tolerance is the maximum amount of soil loss in tons per hectare per year, 

what can be tolerated and still permit a high level of crop productivity to be sustained 

economically and indefinitely. Soil loss tolerance values of 1 through 5 are used. These values 

represent the tolerable tons of soil loss where food, feed and fiber plants are to be grown. T 

values are not applicable to construction sites or other non-farm uses of the erosion equation. 

There are many limitation values, which were used before. In the research the limitation 

follows the law (Table 15). The depth of soil was calculated out of the 5
th

 and 6
th

 digit of BPEJ 

code and some terrain research (soil pits). [5] 

Soil type by depth Limit values [t/ha.year] 

Shallow soils - less then 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 then 0.9 m 40 

     Table 15: Limit values of water erosion.  Source: Law nr. 220/2004  

 

Level Intensity of erosion [t/ha.year] Category of soil erosion 

1. 0 – 0.75 SLIGHT 

2. 0.75 – 7.5 LOW 

3. 7.5 -22.5 MEDIUM 

4. 22.5 – 75 HEAVY 

5. 75 – 300 EXTREMLY 

6. 300 + CATASTROPHIC 

     Table 16: Soil erosion categories.  Source: Zachar  
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Map 8: T values 
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RUSLE main calculation 

The RUSLE formula mentioned before, has been calculated in ArcGis SW. The spatial 

resolution (pixel of 2x2 m) and extend was the same for all layers.   

The erosion ranged between 0 and 20. Most of the values were smaller the 0.75 (slight 

erosion). For better visualisation the values of slight erosion were reclassified (Map 1 in 

appendix). The highest values are the steepest slopes of upland, which are covered by forest. 

The rest are the river banks and the enclosing areas of river beds.   

Because of difference of the soil cover, the limitation values are different. Except one area all 

values of soil loss are smaller then the limitation values. The soil loss values passing limit are 

near the river Cerina in the north part of the research area. The solution should be drain the 

area (land cover – arable land) or to change the land cover ( for example grassland) 

Erosion validation  

The verification of the system is the fact, that RUSLE is the most used erosion model. There 

have been done many experiments, which proved the system. The research 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). Due to the time limitation, there have been chosen natural spoils, roll 

aways, extraction sites, waterline placements, house foundations digging, tree planting, and 

only 19 soil pits (see in appendix pictures 1-10). They mostly situated in few areas. So it could 

be better (for validation of whole area) to dig new pits and complete the results with new 

values. The pits were digging out to prove the surprising results find out by natural or human 

activities uncovering the soil horizons.  

The validation followed two basic rules: first comparing the same soil types and second 

different soil types with same characteristics (land cover, slope). The result was compared 

with the real state of erosion. The problem spots are well known and the RUSLE computation 

just confirmed the reality, that most of them are not random occurrences in the nature. It 

revealed also other areas, where the chance of possible water erosion is higher.  

Table 17 shows the erosion values and soil characteristics from terrain research. 
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Map 9: Soil loss soil in comparison with soil loss tolerance. 
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Spot code Soil 
RUSLE

USPED 

Depth of soil horizon 
T limit Land use 

O,A0 A B 

PB II 
Eutric Cambisols, Eutric-

Luvic Cambisols (K=0.41) 

0.001 

+0.527 
10 48 - 30 

Grassland 

(C=0.005) 

PB VI 
Eutric Cambisols, Eutric-

Luvic Cambisols (K=0.41) 

0.020 

+0.133 
7 55 - 30 

Grassland 

(C=0.005)  

PPT III 
Eutric Cambisols, Eutric-

Luvic Cambisols (K=0.41) 

0.002 

-1.302 
9 41 - 30 

Shrubs 

(C=0.01) 

PPT IX 
Eutric Cambisols, Eutric-

Luvic Cambisols (K=0.41) 

0.002 

-0.074 
5 42 - 30 

Shrubs 

(C=0.01) 

PPT XIII  
Eutric Cambisols, Eutric-

Luvic Cambisols (K=0.41) 

0.002 

-0.245 
5 27 - 30 

Shrubs 

(C=0.01) 

PPT XVIII 
Eutric Cambisols, Eutric-

Luvic Cambisols (K=0.41) 

0.031 

-3.832 
3 32 - 30 

Country road 

grassy 

(C=0.015) 

PPT XXII 
Eutric Cambisols, Eutric-

Luvic Cambisols (K=0.41) 

0.003 

57.756 
3 32 - 30 

Country road 

grassy 

(C=0.015) 

PPT XXV 
Eutric Cambisols, Eutric-

Luvic Cambisols (K=0.41) 

0.089 

-14.190 
2 26 56 30 

Country road 

grassy 

(C=0.015) 

BJ FJ I 
Eutric Cambisols, Eutric-

Luvic Cambisols (K=0.41) 

0.002 

-0.166 
5 11 31 10 

Broad –

leaved forest 

(C=0.009) 

BJ FJ VI 
Eutric Cambisols, Eutric-

Luvic Cambisols (K=0.41) 

0.054 

-0.021 
2 5 8 10 

Broad –

leaved forest 

(C=0.009) 

C III 
Eutric Cambisols, Eutric-

Luvic Cambisols (K=0.41) 

0.001 

-1.060 
11 32 46 10 

Pastures 

(C=0.005) 

C VIII 
Eutric Cambisols, Eutric-

Luvic Cambisols (K=0.41) 

0.001 

-0.046 
8 28 47 10 

Pastures 

(C=0.005) 

Table 17: RUSLE validation example – see picture 10 in appendix for this location. Source: Mudron 

 

RUSLE didn’t have extreme values. The model is a kind of positive view of erosion, where 

maybe some of the spots are underestimated. But the differences are not that dramatic. 

Generally it is suitable for whole area optimalization. There have been proved just one 

exception. The gardens and some orchards have been measured higher values then expected. 

The RUSLE doesn’t calculate deposition. There is a point on every slope, where erosion starts 

decreasing, then a point where it stops and finally starts the deposition. There is an erosion 
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model, called USPED, which is calculating as well as erosion as deposition too. So there were 

2 suggestions in the beginning, which have been proved. First is: horizons due the 

accumulation deeper and second: due higher melioration process leading out of private 

ownership.  

 

USPED  

 

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: 

Tc = Tt * |Fw|
m

 * sin (S)
n
 ,   (1) 

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 

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 RUSLE 

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: T = R*K*C*P*A
m

*sin(b)
n
 , for R,K,C,T see RUSLE and A

m
*sin(b)

n
 is an 

alternative to RUSLE LS factor. USPED is calculating two kinds of erosions, for prevailing 

rill erosion m=1.6 and n=1.3 and for sheet erosion m, n=1. Then the net erosion/deposition is 

estimated as: 

ED  =  div (T . s)  =  d(T*cos a)/dx  +  d(T*sin a)/dy,  (2) 

where a is the aspect of terrain surface. This equation is equivalent to the relationship with 

curvatures (concave, convex). 
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 The procedure was realized in ArcGis SW.  

1. K, C, P, R, DME are the inputs (2x2 m resolution).  

2. Derive Slope and aspect (DME input)  

3. Flow Direction (DME)  

4. Flow Accumulation (Flow Direction)  

5. Tc formula (1) for rill and sheet erosion separately  

6. ED formula (2) for both  

 

USPED (sheet erosion map 2 in appendix) gave as an answer to the searched question. Most 

of the gardens and some of the orchards, where were measured higher values of soil depth, has 

nothing to do with accumulation. Around 35% of the areas have been measured mostly slight 

deposition, rest erosion. So it is due to private ownership.  

The rill erosion will be used to allocation of the unpaved roads. The USPED values are in 

around 80% incidents better then RUSLE, but the model is more sensitive to DME, so in 10-

15% are the values real bad and not transparent. For example in the table BJ FJ VI are really 

very bad representations of the erosion. PB II and PB VI are good examples, what is the weak 

point of RUSLE (USPED showed better values).   

Due to the purpose of the diploma thesis, it is going to be more transparent and useful to 

handle the RUSLE results. They merely maybe not so exact, but have not a greater mistake.  

[32] The upcoming trends of people moving to more populated areas (mostly for better work 

possibilities) and population growth stagnation leading to abandoning some of parcels of land 

(in areas hit by emigration). It weren’t happened in the research area yet, but in surrounding 

areas. It is only a matter of time (by this prevailing trend), when the first parcels will be left 

and not anymore Nature always find a way how to protect. But it takes always time and the 

question is, if for example by grassland development (abandoned vineyards, arable land, 

gardens) will be the root-system fast enough, not to left the soil open to erosion factors to do 

their impact. It would be a nice piece of next research, because always is better know the risks 

before they appearing as loss of goods. 
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Wind erosion  

 

The main factors of wind erosion are climate (wind speed and direction, precipitation, 

evaporation) and soil cover (soil moisture, content of non-erodable particles - greater then 0.8 

mm, content of clay - less then 0.01 mm).   

According to the act number 220/2004 the support practice have to be executed, when the 

wind erosion trespass 40 t.ha
-1

.year
-1

. In the praxis are used other units too - mm.year
-1

 or 

m
3
.ha

-1
.year

-1
. There have been computed erosion for the whole Slovakia and most of the areas 

(94% and the hole research area) have slight or no erosion (less then 0.7 t/ha). In appendix is 

the picture (nr. 4) of wind erosion in district Veľký Krtíš. [34]  

The forested areas of the catchment have no erosion. The most endangered area going out the 

input data is on the north and north-west slopes of height spot Španí Laz. Then the next are 

arable lands on the plain. But it is still only slight erosion and has not the importance of the 

water erosion.  
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7 Limitation of land use 

 

The society is various. Every person differs, is unique. So they have difference opinions, 

habits, hobbies etc. It is good then that the environment remain multiplex. Only then 

everybody has the chance to find for itself what likes. There has been found several unique 

natural features, which were added to limitation use areas. Green urban areas planning have 

been processed later.  

Next limitations are the threads. Erosion was modelled before and the limitation for single 

land use types (vineyards, orchards, gardens, forests, grassland and pastures, unpaved roads) 

have been made by changing the P and C-value for the whole area. Urban fabric is a special 

land cover, which doesn’t change that often. It has been skipped and village residential area 

has been deduced from urban planning documentation. Urban fabric, bare rock, main 

communications, commercial and industry areas were extracted from the result. The figure 1 

shows the progress of limitation. First was done RUSLE simulation for 16 different C and P 

factors, then subtraction of T limit and finally the reclassification. Appendix comprehends 

more examples (figure 8 and figure 9).  

Ground water sources have been added to the limitation area. In the closest area should be the 

limitation of human activities guarantied.   

The extraction areas and old dump sites belonging to limitation too. There is necessary to 

reclamation of these few areas.   

Map 10 shows the protected landscape and nature areas, ground water protection and supposed 

reclamation areas. The most important nature protection is Nature reserve Čebovská lesostep, 

what is a subject to NATURA 2000 and to Act of NC SR No. 543/2002 on Nature and 

Landscape Protection. It also subject to acts of European Union legislation too, but they 

weren’t included into the research. The fact is, that this area has European importance and 

needs to be protected because is one of the last locations of a kind (biotopes). The forestry 

activities are limited this area just to elimination of non-indigenous species. Actually the real 
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protection area is a lot larger (213 ha) then the “core” marked on the map. Appendix figure 7 

shows the comparison of real protection due to legislation and research proposed protection. 

Due to information received from forest management institution and terrain research, the 

limitation border has been shrunk. The protected biotopes are Sub-pannonian natural 

grasslands, Lime – maple debris forests, Carpathian and pannonian oak – hornbearn forests 

and Thermophilic pannonian oak forests. To the endangered animals appertain Yellow-bellied 

Toad (Bombina variegata), Stag beetle (Lucanus cervus), Lesser Horseshoe bat (Rhinolophus 

hipposideros). Next limitations are nature monuments Krehora and Kosihovský Kamenný 

vrch. Both of them are volcanic rock features very good known in the area. Kamenný vrch has 

a high variety of lichens species. Part of the Krehora nature monument is a forest steppe 

biotope. Protected site Cerinský potok is the one of only 2 places in Slovakia, where it grows. 

First it was considered to be Czechoslovak endemic plant, but then have been found in couple 

more middle European places too. But this area on the banks of meandering river Cerina is the 

richest.  

Parts of the research area are two old dump sites, which were closed and are not used 

anymore.   

Ground water protection has more then two places marked in the map. But this two are the 

most important due to water sources and distribution for the village Čebovce.   

Five abandoned extraction sites and one sand extraction site are situated here.  

Figure 1: Progress of getting limitation result (10 continuous areas good for maize) by erosion. 
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Map 10: Protection areas.
4
 

                                                 
4 1 Čebovská lesostep, 2- Kamenný vrch, 3 – Cerinský potok, 4 - Krehora 
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8 Statistic analyze of factors 

 

The statistical approach can be sorted in a few steps. First was to factor definition. There 

have been chosen the most important factors (elevation, distance from the water bodies, 

distance from the urban fabric, slopes, aspect, soil) Due to time limitation there was not 

chance to involve all possible influencing factors (climate) or other unessential factors 

(number of birds sitting on a tree in a specific moment).   

The next step was data gathering. The area has been split in two pieces – upland and highland. 

A statistic sample was randomly made for both. The basis of the random sampling was area 

with same or close characteristics as the research area. The number of samples was increased, 

until all categories (land use types) had the count of samples big enough.   

The third part was analysis of the random samples. First was made a test, if the two samples 

descent from the same population. If yes, they were joined. Investigation was the following 

process to do. There has been used Crosstabulation (in case of categorical variable – soil, 

aspect), Anova or alternative Robust test (in case of numerical variable – slope, distances, 

elevation). The result was the factor importance to distinguish single land use types.   

Last part is to use the statistic results for optimalization. In the combination of the land use 

characteristics and factor importance were found the best areas for the change if necessary. 

Important part has been the terrain research, which found the actual exact state of land use 

(age of vine, mass of wood). The main point is to minimize the cost of “removal” of old 

patterns, to make the room ready for the new type of land use or to increase the difference 

between loss and gain in production (or just minimize the loss).  
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8.1 Random sampling 

 

In random sampling, each event (occurence) of the population has an equal chance of 

being chosen at each draw. The population were areas which are similar or close to the 

research area. Most of them surrounds the area and are Neovolcanic and Neogene formations. 

The orientation, elevation, longitude, latitude, terrain, climate etc. were the deciding rules. 

“Genius loci” of every place is unique, but still there is a chance to be close and able to find 

common resemblance to each other. It has been selected parts of Revúca Heights, Southern 

Slovak Basin, Krupina Plain, Ostrôžky, Štiavnica Mountains, Pliešovce Fold, Javorie, 

Podunajská Heights and Tribeč as the basis of sampling.  

First were simulated 50000 random locations (Create random points in ArcGis). The extent 

covered the basis (polygon). Then the Corine LandCover has been used to find out the location 

land use states. The streams, urban fabric and other not investigated types of land use were 

filter out. Distances to rivers (analogous to urban fabric) have been made by merge, buffer, 

polygon to raster conversion, reclassification, Euclidean distance and extract by mask. The 

elevation, slope and aspect information have been imported in *.dxf format (quick import). 

Then all seven layers (soils, both distances, Corine LC, aspect, slopes, elevation) were 

converted one by one to vector, intersect to overlay with the randomly generated points and 

after removing the useless fields, sorted in a table for both – upland and plain areas. The result 

is an excel table of 14806 records for lowland and 15320 for plain. 

 

 

 

 

 

 

Figure 2: View of part of Excel file. Source: Mudron 2010 
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Map 11: Random samples for highland and lowland locations. 
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8.2 Random sampling analyses 

 

The aim of this part is to investigate if the land use depends on selected factors and how 

much it depends. Land use is described by categorical data. The factors are both numerical and 

categorical. Thus there are two different approaches, first the dependence of categorical on 

categorical (aspect, soils) variable and second the dependence of categorical on numerical 

(slope, distance from water streams, distance from urban fabric, elevation) variable. Before the 

computation of the dependence was made a t-test to prove if the both random samplings 

(populations) is not able to join (if they come from the same data set). The second part is to 

apply the results in the allocated area. The output is going to be the use possibilities for each 

type of land use.   

 

Soil factor  

 

First step before anything calculated is the data basic characteristics. What is the domain of 

the variables, occurrence, count etc. Two random sampling inputs were used, one for upland 

and second for highland.   

In the lowland has been taken 14227 samples. 10 soil types have been discovered, but only 6 

of them had more then 2% (Haplic Luvisols 46.2%, Planosols and Stagnosols 19.5%, 

Cambisols 13.3%, Albic Luvisols 6.3%, Fluvisols 5.8%, Calcaric Cambisols 4.9%). Figure 10 

and 11 showing the result in appendix. The soil proportion in land use types show the figure 

12 in appendix. It is easy to see without further calculation some dependence. Chernozems and 

Mollic Fluvisols (both rare in the area, only occasional) are mostly used like soils under arable 

land or sometimes gardens and orchards. Podzols (occasional too) incidence is mainly 

bounded with forests. Because all are only complementary soils, the dependence will be 

investigated without them too.   

Crosstabulation provides the appreciation of categorical variable dependence on another 
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categorical variable - factor. If there is some kind of interrelation between the two variables, 

for the column variable we chose the cause (factor - soil) and the row variable is going to be 

the variable, which is dependent (type of land use). Figure 3 shows the result.  

Figure 3: Mosaic chart for land use types by soils 

 

In Mosaic chart, the height of each bar is proportional to the total number of each land 

use type. The width of the bars is proportional to the relative percentage of each soil type at 

each land use type. If the width is the same for all types of land use and the mosaic graph is 

nice equally distributed, the soil factor has no effect to land use. This is not the case. Planosols 

and Stagnosols appearing more times under forests, Haplic Luvisols under vineyards, arable 

land, orchards and gardens, Calcaric Cambisols under grasslands and pastures, Cambisols 

under forests, pastures and grasslands. Consequently, the overall area of each rectangle is 

proportional to the frequency of the corresponding cell in the two-way table. More detailed 

values are in the additional frequency table, which shows the observed frequency, percentage 

of table, percentage of row. With the light purple colour are highlighted significant LU 

proportions of the specific soil type. On the other side light green are the inessential LU 

proportions. Another point is looking to the rows except the columns. Haplic Luvisols, the 

most common soil in lowland (46.20%), appear mostly under arable land (if HL then 83.63% 
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chance of AL). Fluvisols appearing mostly under arable land (91.54%) too, Cambisols under 

forest (50.69%), arable land (39.46%), grassland and pastures (5.61%), Albic Luvisols under 

arable land (54.02%) and forest (41.85%), Calcaric Cambisols under arable land (52.85%), 

forest (33.62%), grassland and pastures (6.55%), Planosols and Stagnosols under arable land 

(71.74%) and forest (25.81%), Mollic Fluvisols under arable land (90.48%), gardens and 

orchards (5.95%), Chernozems under arable land (82.12%), orchards and gardens (8.39%) and 

vineyards (8.03%). It looks as vineyards with gardens and orchards are the closest classes to 

each other, then arable land is close to the orchards and gardens and the forests with 

grasslands and pastures looks relatively close each other. But at all there is no doubt about 

dependence.  

 

LU \ 
SOIL

 CZ MF FM HL CS AL CC PZ PS,SS RL All 

Orchards, 

Gardens 

23 

0.16% 

6.12% 

5 

0.04% 

1.33% 

15 

0.11% 

3.99% 

228 

1.60% 

60.64% 

25 

0.18% 

6.65% 

14 

0.10% 

3.72% 

25 

0.18% 

6.65% 

2 

0.01% 

0.53% 

20 

0.14% 

5.32% 

19 

0.13% 

5.05% 

376 

2.64% 

100% 

Arable 

Land 

225 

1.58% 

2.25% 

76 

0.53% 

0.74% 

757 

5.32% 

7.40% 

5497 

38.64% 

53.75% 

745 

5.24% 

7.28% 

484 

3.40% 

4.73% 

371 

2.61% 

3.63% 

4 

0.03% 

0.04% 

1993 

14.01% 

19.49% 

75 

0.53% 

0.73% 

10227 

71.88% 

100% 

Vineyards 
22 

0.15 

6.94% 

1 

0.01% 

0.32% 

5 

0.04% 

1.58% 

191 

1.34% 

60.25% 

55 

0.39% 

17.35% 

1 

0.01% 

0.32% 

24 

0.17% 

7.57% 

0 

0.00% 

0.00% 

15 

0.11% 

4.73% 

3 

0.02% 

0.95% 

317 

2.23% 

100% 

Grassland, 

Pastures 

0 

0.00% 

0.00% 

0 

0.00% 

0.00% 

4 

0.03% 

1.52% 

39 

0.27% 

14.83% 

106 

0.75% 

40.30% 

22 

0.15% 

8.37% 

46 

0.32% 

17.49% 

1 

0.01% 

0.38% 

33 

0.23% 

12.55% 

12 

0.08% 

4.56% 

263 

1.85% 

100% 

Forest 
4 

0.03% 

0.13% 

2 

0.01% 

0.07% 

46 

0.32% 

1.51% 

618 

4.34% 

20.30% 

957 

6.73% 

31.44% 

375 

2.64% 

12.32% 

236 

1.66% 

7.75% 

32 

0.22% 

1.05% 

717 

5.04% 

23.55% 

57 

0.40% 

1.87% 

3044 

21.40% 

100% 

ALL 
274 

1.93% 

84 

0.59% 

827 

5.81% 

6573 

46.20% 

1888 

13.27% 

896 

6.30% 

702 

4.93% 

39 

0.27% 

2778 

19.53% 

166 

1.17% 

14227 

100% 

Table 18: Frequency table for Land use by soils
5
  

 

To determine whether or not the apparent differences between the soil types are statistically 

significant is used Tests of Independence – Chi square test. The null hypothesis – the row and 

column classifications are independent. Alternative hypothesis – the row and column 

classifications are not independent. Only limitation is the one, that 1/5 of all values hasn’t to 

be smaller then 5. Table 19 shows the results of a hypothesis test run to determine whether or 

                                                 
5 CZ – Chernozems, FM – Fluvisols, CC – Calcaric Cambisols, MF – Mollic Fluvisols, HL – Haplic Luvisols, 

AL – Albic Luvisols, CS – Cambisols, PZ – Podzols, PS – Planosols, SS – Stagnosols, Rendzic Leptosols 
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not to reject the idea that the row and column classifications are independent. Since the P-

value is less than 0.05, it is rejected the hypothesis that rows and columns are independent at 

the 95% confidence level. Therefore, the observed value of Land use for a particular case is 

related to its value for soil. The bottom row shows the values after filtering the 4 occasional 

soil types. Figure 13 in appendix shows the mosaic chart. Still the dependence is notable. The 

test of independence just confirmed the suggestions. The categories gardens and orchards and 

vineyards looked quite the same so there was investigated the dependence between just this 

two land use types. The result, same with other comparisons are showed in table 19 (for 

legend see figure 3). The result is, that the soil factor determine the land use types at all, there 

are no homogenous groups among the land use types. 

 

LU Chi – square Degree of freedom P - value 

All 2884.05 36 0.00 (HA) 

All (6 soil types) 2526.85 20 0.00 (HA) 

VY and OG 29.52 5 0.00 (HA) 

F and GP 53.34 5 0.00 (HA) 

OG and AL 59.27 5 0.00 (HA) 

  Table 19: Chi-square test of independence 

 

The same progress has beech chosen for the soils of upland. In the highland has been taken 

9172 samples. 8 soil types have been discovered, but only 4 of them had more then 2% 

(Haplic Luvisols 2.05%, Planosols and Stagnosols 4.99%, Cambisols 80.21%, Albic Luvisols 

8.11%). Figure 13 and 14 showing the result in appendix. Mosaic chart for LU by soils (Figure 

4) revealed some relation. But it can be commented as: if Andosols, then forest for sure, 

almost no vineyards in the area, if Fluvisols then merely arable land (79.38%) or forest 

(19.59%), Haplic Luvisols mostly under arable land (71.81%), Orchards and gardens (10.11%) 

and forests (12.77%), Cambisols (the most common 80.21%) under forest (58.81%), arable 

land (27.05%), grassland and pastures (11.72%), Albic Luvisols under forests (50%), arable 

land (42.07%), grassland and pastures (6.72%), Podzols under forest (74.34%), arable land 

(11.18%), orchards and gardens (7.89%), grassland and pastures (6.58%), Planosols and 
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Stagnosols under arable land (71.83%), forest (16.38%), grassland and pastures (8.95%), 

Rendzic Leptosols under forest (54.27%), grassland and pastures (23.17%), arable land 

(18.90%).  

Figure 4: Mosaic chart for land use types by soils in highland 

 

To determine whether or not the apparent differences between the soil types are statistically 

significant is used Tests of Independence – Chi square test. The hypothesis, that the variables 

are independent, is rejected. [13], [36] 

 

LU Chi – square Degree of freedom P - value 

All 932.35 28 0.00 (HA) 

F and GP 63.24 7 0.00 (HA) 

OG and AL 101.22 6 0.00 (HA) 

VY and OG 12.73 5 0.03 (HA) 

VY and AL 15.55 6 0.02 (HA) 

VY and F 51.76 7 0.00 (HA) 

  Table 19: Chi-square test of independence 
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Aspect factor 

 

The second and final categorical factor is the aspect. The same approach has been done 

like before in case of soils. The same two random samplings have been investigated. The 

aspect values have been sorted in 9 groups, north, north-west, west, south-west, south, south – 

east, east, north-east and no aspect for the planes.  

First have been investigated the random sampling for lowlands. Least values belonging to no 

aspect of course (0.12%). Due to the research area characteristics the less values belonging to 

north, north-east slopes (7.35% and 7.72%). The rest vary between 13 and 17.69%. Mosaic 

plot (Figure 5) is quite informative and indicates some similarities in data. 

Figure 5: Mosaic chart for land use types by aspects in lowland 

 

Forest and arable land looks quite similar. The most common values for orchards and gardens 

are west (21.01%) and north-west (24.73%) localities, arable lands localities are sort of 

equally distributed (max west 18.12%). Vineyards are mostly situated on west (26.18%) and 

south-west slopes (21.45%). Grasslands and pastures are most common on west (20.53%) and 
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south-east (16.73%) slopes. The forest are analogous to arable land merely evenly distributed 

with east southeast and west maximums over 14%. The test of independence proved the 

statistically significant dependence of land us on aspect factor. 

 

LU Chi – square Degree of freedom P - value 

All 339.71 32 0.00 (HA) 

All without plane 335.16 28 0.00 (HA) 

F and AL 149.77 8 0.00 (HA) 

OG and AL 69.35 8 0.00 (HA) 

OG and VY 24.04 7 0.001 (HA) 

F and GP 26.17 7 0.001 (HA) 

  Table 20: Chi-square test of independence 

 

The highland has a little bit different distribution of values. Least values belonging to no 

aspect (0.07%). The north-west slopes are even less represented (5.36%), whereby north 

slopes appearing more times (9.72%). West slopes are most common (16.70%), then south-

east slopes (16.07%). Gardens and orchards appear most time on south-east slopes (29.61%), 

arable land on west (16.01%), south (15.49%) and south-east slopes (15.98%), vineyards on 

west (24.19%), south-west (27.42%) and south slopes (35.48%), grassland and pastures on 

south-east (16.37%), west (18.55%), forest on south-east (16.38%) and west (16.34%) slopes. 

The proportion of the aspects for LU looks more equally (figure 6). The last step is the Chi-

square test, which proved the suggestions (Table 21).  

LU P - value LU P - value 

All 0.00 (HA) VY and OG 0.26 (H0) 

All without plane 0.00 (HA) AL and VY 0.00 (HA) 

F and GP 0.45 (H0) VY and GP 0.00 (HA) 

F and AL 0.004 (HA) AL and OG 0.00 (HA) 

GO and AL 0.49 (H0) OG and F 0.00 (HA) 

AL, F and GP 0.02 (HA) OG and GP 0.00 (HA) 

  Table 21: Chi-square test of independence 
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Figure 6: Mosaic chart for land use types by aspects in highland 

 

So as test of independence proved and mosaic chart showed, in case of aspect, there are some 

similar groups. First the orchards and gardens are similar to vineyards and then arable land 

with grassland and pastures or grassland and pastures with forest. It means in the three cases 

the aspect factor doesn’t influence the spatial distribution of these elements. [36], [13] 

 

Slope factor 

 

The numeric data allow more operations as categorical data. The most common 

investigation of factors dependence is the analyses of variance. But it has many limitations and 

conditions, which has to be unbroken, because of reliability of results. Many times it can be 

tricky and the approach could not be that easy, than in theoretical solutions. Fortunately there 

has been alternative approaches developed (Robust tests, Kruskal – Wallis etc.), because of 

practical solutions rare follow the theoretically excepted things.  

Before starting to make calculations, conclusions and predictions it is good to take an insight 

into the data. Descriptive statistics provides the basic characteristics of populations (random 
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samplings). First has been started with lowland population. The slopes don’t overreach the 

value 32°, average slope is 4.79°, median and mode are even smaller. The position of average 

< median < mode shows, that more then a half of the values have smaller gradient (slope 

value) then the average – positively skewed distribution (stnd. skewness 75.16). Stand. 

Kurtosis value is also very high (85.95), what indicates, that the distribution is not going to be 

Gaussian. The figure 7 probability density function only supports this idea. The values 

indicating that the area is a real presentation of lowland with some few extreme values of 

slopes.  

 

Figure 7: A priori density function for lowland 

 

The population for highlands has 9172 samples. The slopes don’t overreach the value 34°, 

average slope is 9.07°, median and mode are even smaller. The position of average < median < 

mode shows, that more then a half of the values have smaller gradient (slope value) then the 

average – positively skewed distribution (stnd. skewness 29.81). Stand. kurtosis value is high 

(4.66), what indicates, that the distribution is not going to be Gaussian. The figure 7 

probability density function only supports this idea. The values indicating that the area is a real 

presentation of lowland with some few extreme values of slopes. The density function (Figure 

8) looks cut from the left side. This is the main reason why it is not even close to Gaussian 

distribution. The Fit-of-Goodness test - χ2 test just proved it. The χ2 1440 value (12 degrees of 

freedom) or respectively 8006 (12) rejected the null hypothesis that the population is 
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distributed according to normal (Gaussian) distribution in both (highland and lowland) cases 

(p-value 0.00 both). All this tests were done in Excel at least twice, to see how they work. To 

see the background computation and understand how it works. χ2  test is a easy formula ∑(Oi-

Ei)
2
 / Ei, where the ∑ is for i = 1 to k classes, Oi is the number of observed values for i-th class 

and Ei  is the number of expected values for i-th class. The expected frequency is calculated by 

Ei = N (F (Yu)) – F (Yl), where F is the cumulative distribution function for the tested 

distribution (normal this case), Yu is the upper limit for the class i-th and Yl  is the lower limit 

for i-th class and N is the number of samples (Excel function NORMDIST(X,Y,Z,1) for 

expected cumulative relative frequencies, Y=AVERAGE(A:A) a Z = STDEV(A:A), X = 

upper interval limit were used). 

 

Figure 8: A priori density function for highland areas 

 

So in the beginning of the research has appeared a big struggle and question, which was tried 

to solve during the research as a new collateral objective. It is obvious that in the nature the 

things merely resulting to one peak Gaussian distribution of characteristics. For example the 

expected value is the most common one, has the biggest probability. It deals for plant height, 

leave size or whatever. But obviously is not valid for slopes. It seems to be due to larger 

amount of small values close to 0, and the 0 limitation, because of the domain (there is no -1 

degree slope or smaller). There have been made a new random sampling without limitation, 

result was the same, a bit better due to higher values of slopes, but still expressly rejected the 

null hypothesis. Fortunately statistics knows ways how to deal with cases if the conditions are 
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not fulfilled.   

There are two random samplings, which do have same types of land use and also same factors 

we want to investigate. There is a chance, that the e.g. slopes (in this case) in lowland and in 

highland have the same characteristics and then they (as a factor) affect a specific land use 

type same way. If they come from the same population, the samples taken in lowland can be 

used for highland analysis or reversal, or what is best use both of them together for both 

investigations. In extreme case (not this one) could happen that for all types of land use could 

be used both the samples of highland and lowland, so it would be not necessary divide the 

research area in two parts. Two-sample t-test is the one, what allows comparing two random 

samplings if they collected from same data set. So there were first used all samples belonging 

to forest separately for lowlands and for highlands. The main idea of t-test is to evaluate if the 

difference between the two means of the samples is statistically significant difference. The test 

has two presumptions. The first is, if the data are normally distributed or not, and second if the 

homoskedasticity of the compared samples. Table 22 shows the characteristics for the samples 

covered by forests (Excel and Statgraphics). 

 

Highland slope samples Lowland slope samples 

Count = 5031 Count = 3044 

Average = 11.18° Average = 7.51° 

Standard deviation =5.92°  Standard deviation =4.76°  

Chi-Square = 625.625  Chi-Square = 1011.49  

Degree of freedom = 11 Degree of freedom = 10 

P-Value = 0.0 P-Value = 0.0 

reject ND on 95% and 99% 

confidence interval 

reject ND on 95% and 99% 

confidence interval 

  Table 22: Statistics of forest slope samples and χ2 test of normal distribution 

 

Homoskedasticity proof is made by Barlett test, of course if Gausian distribution of samples. 

This is not guaranteed, so Lvene test must be used. The null hypothesis is: H0: σ1 = σ2 and 

alternative as Ha: σ1 ≠ σ2. Tested is the statistics W, which is calculated by formula: 
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where N is the number of samples of class Y (8075), k is the number of classes (2), Ni is the 

numbers in the i-th class (3044 and 5031). There are some variations in Levene test 

calculations by using different Zij. Zij then changes the W values.  

Input characteristics into Leveneho test in Excel for 

Zij = | Yij – Ei. | with average value 4.23 

N1 = 5031 N2 = 3044 

Z1.=4.79° Z2. =3.67° 

Z..=4.37° N =8075 

P-value = 0.00 (2.7 10E-51) W = 230.25 

Reject H0 on 5% and 1% confidence level /FDIST(235,1,8073)/ 

Input characteristics into Leveneho test in Excel for 

Zij = | Yij – x̃i. |  with average value 4.55° 

N1 = 5031 N2 = 3044 

Z1.=5.08° Z2. =4.01° 

Z..=4.33° N =8075 

P-value = 0.00 (3.3 10E-45) W = 201.58 

Reject H0 on 5% and 1% confidence level /FDIST(201,1,8073)/ 

Input characteristics into Leveneho test in Excel for 

Zij = | Yij – x̃”i. |
6
  with average value 4.2° 

N1 = 5031 N2 = 3044 

Z1.=4.77° Z2. =3.63° 

Z..=4.34° N =8075 

P-value = 0.00 (4.6 10E-52) W = 233.86 

Reject H0 on 5% and 1% confidence level /FDIST(233,1,8073)/ 

        Table 23: Levene test for forests in lowland 

                                                 

6 x̃”i. - trimmed mean (10%), is calculated by discarding a certain percentage (5%) of the lowest and 5% of the 

highest scores and then computing the mean of the remaining scores. 
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Levene test the reject the null hypothesis if W > F(α,k-1,N-k), where F(α,k-1,N-k) is the upper limit of 

Fischer-Schnedecker F distribution with k-1 (1) and N-k (8073) degrees of freedom. Table 23 

shows the results. There have been taken attention to this test because of different SW giving 

different W values. Statgraphics computed W value a bit differently 226.9, but the result was 

the same. The result was for all computations the same, p-value 0.00 confirmed 

heteroskedasticity in data. The Excel fortunately can deal with the rejected homoskedasticity 

and rejected Gaussian distribution. T-test was set up as shown in figure 9. The result 1.14 10
-

193
 rejected the null hypothesis, that the means are statistically equal on the 5% confidence 

level as well as on 1% confidence level. So the samples can’t be used in both  

 

Figure 9: Two sample t-test result 

 

The same approach was made for comparing grassland and pastures, orchards and gardens, 

vineyards and finally arable land. Appendix table 7 shows the characteristics for the samples 

covered by grassland and pastures (Excel and Statgraphics) and the table 6 the Levene test 

results. The characteristics are different, there is more grassland and pastures in highland and 

they are on steeper slopes. Both of the distributions are not normally distribution (lowland p-
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value 0.0003, highland 0.0000), so the previous results of the forest localities are not the only 

exceptions. Levene test rejected (Statgraphics p-value = 0.0004) the homoskedasticity, and the 

t-test was accomplished again. The p-value 2.23 10
-4

 wasn’t that small like the one for forests, 

but the null hypothesis (equality of mean values) was rejected again on both 1 and 5% 

confidence level.   

Vineyards are more common in lowland. The slopes are steeper in highland again. The density 

functions, in highland more, look like normally distributed. The χ
2
 test only proved this for the 

highlands (Figure 10, p-value = 0.22), for lowland are distributed not according to normal 

distribution (p-value 0.00). It is not possible to use Barlett test, due the lowland samples. Two 

sample t-test (p-value = 1.02 10E-6) rejected the null hypothesis again. 

 

 

Figure 10: χ
2
 test for vineyard slopes in highland 

 

Leveneho test in Excel and Statgraphics 

SW Statistics W P-value result 

Excel (priemer) 24.598 0.000 HA 

Excel (medián) 7.527 0.006 HA 

Excel (orezaný priemer) 22.034 0.000 HA 

Statgraphics 10.216 0.002 HA 

        Table 24: Levene test for vineyard slopes  
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Arable land is the most used pattern in lowland, in highland there are arable land often. The 

values of slope are more copulated close to 0°, kurtosis has high values and skewness is 

positive. Chi-square test and Levene test rejected the null hypothesis, also the t-test in Excel. 

The last were Orchards and gardens. The results show the table 25. Whereas the 

homoskedasticity have been proved t-test is possible to do also in Statgraphics (Mann – 

Whitney W test of medians). 

 

χ2 test an Leveneho test in Excel and Statgraphics 

 

Statistics W P-value result 

χ2 test lowland 18.27 0.000 HA 

χ2 test highland 54.16 0.006 HA 

Levene (mean) 2.35 0.13 H0 

Levene (median) 3.15 0.08 H0 

Levene (trimmed mean) 1.58 0.21 H0 

Levene - Statgraphics 1.70 0.19 H0 

       Table 25: Levene and χ2 test for orchards and gardens. 

 

 

Both tests (Excel t-test p-value 1.8 10
-7

, Statgraphics Mann – Whitney W test p-value 0.00) 

reject the null hypothesis about the same origin of both samplings. Mann – Whitney W test is 

an alternative of Wilcox test. Wilcox test could not compare two samplings with different 

sizes. Mann – Whitney test has been run in SPSS too. The two sampling were labelled A and 

B and then sorted ascending by values of slopes. The next step was to sum the ranks of the A 

and B separately (63065.5 for A and 91224.5 for B). Then it were calculated the average rank 

for both (352.32 and 242.618). The value of W statistics (20348.5) is the smaller one out of U1 

and U2, where U2= R2 – (n2.(n2+1))/2 and U1= R1 – (n1.(n1+1))/2. SPSS get just the same result 

like Statgraphics before (Figure 11). 
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Figure 11: Mann – Whitney U test for orchards and gardens in SPSS 15 

 

So when it is proved that there are no simplifications able, factor analysis is coming up. The 

most common is the mean comparison using the variance analysis. Rejection of the null 

hypothesis (means are statistically same) indicates that the samples come from populations 

whose means are not all identical and there is influence of the factor (slopes in this case). 

Because of computations before proved that the samplings not come from the same origin, it is 

necessary to calculate factor analyses for both – lowland and highland.   

There are two conditions, first the normal distribution for the samples of single land use, 

second the homoskedasticity of the classes. Number of input samples influencing the result 

(more is better), then the sizes of the classes (they should be most as possible even), number of 

classes (too many is not good, so it had reduced to 5) and in case of alternative hypothesis is 

good to make LSD analysis to find the reason. 262 samples were chosen from all classes. The 

statistic characteristics proved they are a real representation of the whole sampling classes. 

First is made the distribution fitting test, to decide if Barlett or Levene test is testing the 

homeskedasticity. Result is shown in table 26. Levene test needs to be chosen. The 
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homoskedasticity is not proved (p-value = 0.00003, Figure 12). The data needs to be 

transformed, because otherwise it is not possible to do the variance analysis. After all possible 

attempts (lognormal, linear, root, quadratic, higher polynomial, linear combination 

transformation of data) helped only exponential transformation exp(x) of the data (figure 13, p-

value = 0.41). Because of fit-of-goodness test Anova is not possible to use. There is an 

alternative to Anova, Kruskall–Wallis test, 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. 

 

Fir of goodness normal distribution test for lowland 

class χ2 Statistics P-value Result 

Forest (11) 379.11 0.00 HA 

Arable land (3) 660.18 0.00 HA 

Orchards and gardens (2) 613.33 0.00 HA 

Grassland and pastures (7) 465.61 0.00 HA 

Vineyards (5) 714.21 0.00 HA 

       Table 26: Fit of goodness test for slopes in lowlands 

 

 

  Figure 12: Heteroskedasticity in data 
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 Figure 13: Heteroskedasticity removed by exponential transformation 

 

Kruskall-Wallis test rejected the null hypothesis of statistically equal medians on 1 and 5% 

confidence level. It means that the factor of slopes has influence on land use. The next step is 

the post-hoc analysis (Appendix figure 18 graphical Anova), which revealed, that between 

gardens and orchards class and vineyard class is not a bit difference and they can by associated 

as a group (p-value 0.89). Statistically close were the classes of forest and grassland and 

pastures.   

The highland samples were investigated the same way. The results of χ
2
 goodness-of-fit test 

almost passed in all cases, just once HA was submitted (Table 27). So the Barlett test of 

homoskedasticity could not be used, therefore Levene test. The Levene test didn’t confirmed 

the homoskedasticity, so exponential exp(x) transformation of data was necessary to do (p-

value 0.48). Due to slopes covered with arable land didn’t fit the normal distribution, 

Kruskall-Wallis test needed to be undertaken. Of course it rejected the hypothesis about 

statistically equal medians (both 1 and 5% confidence level). The factor has influence and 
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there was like the next step post-hoc analysis done, if there are some groups among the land 

use types. The table 28 shows the result. 

 

Fir of goodness normal distribution test for lowland 

class χ2 Statistics P-value Result 

Forest (11) 379.11 51 10-2 H0 

Arable land (3) 660.18 2 10-4 HA 

Gardens and orchards (2) 613.33 0.63 H0 

Grassland and pastures (7) 465.61 0.10 H0 

Vineyards (5) 714.21 0.21 H0 

        Table 27: Fit of goodness test for slopes in highland 

 

 

Reult of post-hoc analysis 

Type of LU P-value Type of LU P-value 

2,5,7 0.02 3,5 0.00 

2,5,11 0.00 7,11 0.00 

2,7,11 0.00 3,11 0.00 

5,7,11 0.00 2,7 0.01 

2,3,5 0.00 5,11 0.005 

2,3,11 0.00 2,11 0.00 

5,7,3 0.00 5,7 0.63 

3,7,11 0.00 2,5 0.22 

 Table 28: Post-hoc analyses for slopes in highland (for numbers see table 27) 

 

Elevation factor 

 

Descriptive statistics showed that the values (lowland) range between 112 and 520 

meters over sea level. Average value is 226.88, median 220 and mode 210 meters over the 

Baltic Sea level. The population has positively skewed distribution. More the a half of the 
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values are smaller then the average value. Standard kurtosis value sorts the distribution to 

leptokurtic ones. The basic characteristics are in the appendix table 4 and figure 15 in 

appendix shows the box and whisker plot. Although the nice shaped curve of the density 

function, there is a doubt about the normal distribution because of s. skewness and s. kurtosis. 

There are couple extreme values, which is able to skip. Or there was a little mistake in 

gathering the input data, what could be improved. By the way histogram looks good too, 

shows a little bit positive skewness and leptokurtic kurtosis. The fit-of-goodness test rejected 

the null hypothesis about the normal distribution (χ2 1520, 12 degrees of freedom, p-value 0.00). 

  

Highland characteristics have greater range and variance too. Because of highland has greater 

vertical segmentation. The average height is 427, median 417 and mode 470 meters. 

Leptokurtic distribution doesn’t look like normal distribution again. The Chi-square test just 

proved this (χ2 676, 12 degrees of freedom, p-value 0.00). The appendix table 5 and figure 16 

showing the results.   

First is investigated the fact, if the two sampling come from same origin. Table 29 shows the 

results goodness-of-fit of normal distribution for lowlands marked with L and for highland 

with H.  

Fir of goodness normal distribution test for lowland and highland 

class χ2 Statistics P-value Result 

Forest (11) L 720 0.00 HA 

Arable land (3) L 482 0.00 HA 

Gardens and orchards (2) L 20 4 10-3 HA 

Grassland and pastures (7) L 17 0.02 HA 

Vineyards (5) L 15 0.03 HA 

Forest (11) H 352 0.00 HA 

Arable land (3) H 495 0.00 HA 

Gardens and orchards (2) H 29 6 10-5 HA 

Grassland and pastures (7) H 41 2 10-6 HA 

Vineyards (5) H 14 0.01 HA 

        Table 29: Fit of goodness test for elevation 
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Levene test statistics rejected clearly the H0 hypothesis of forests in both cases and therefore t-

test is undertaken only in Excel again. T-test rejected the null hypothesis, so the samples from 

upland are not able to use in the analysis lowland. Remaining results (including forest) shows 

the table 30. The results for all classes were the same. 

 

Result of data simplification for elevation 

Class Levene test T-test  Simplify 

Forest HA HA NO 

Grassland and pastures HA HA NO 

Vineyard HA HA NO 

Arable land HA HA NO 

Orchards and gardens HA HA NO 

Table 30: Levene test of homoskedasticity and student t-test for same origin 

 

Data transformation has been necessary square root of exp(x), because of homoskedasticity. 

After transformation is p-value equal to 0.25. The normality hasn’t been proved in all cases so 

Kruskall-Wallis test has been made – elevation factor has lower importance then the slopes, 

but still seriously influences land use.  The average ranks (Orchards and gardens 427, arable 

land 354, vineyards 471, forest 477, grassland and pastures 772!!) showed, that the grasslands 

and pastures are the main reason of the small p-value. Post-hoc analyses has been made, first 

the grassland and pastures were removed. Surprisingly the Levene test gave homoskedasticity 

(p-value rounded 0.1, appendix figure), it could be Kruskall-Wallis proved in this case without 

transformation. Before testing it was changed and remade random sampling of grasslands and 

pastures to ensure if data collection was correct. But nothing changed, the variance were in all 

cases diametrically greater. So there have been released an opinion, that the pastures and 

grasslands are uniform distributed, but before it has been rejected by goodness of fit test. The 

samples follow Gaussian distribution. But what is important, is the fact, the elevation doesn’t 

play the importance as in case of other factors. Here is much bigger the range of the values.  

Kruskall-Wallis (without grassland and pastures and need of transformation of data) had 
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slightly better results, ranks were better (395 for gardens and orchards, 332 arable land, 435 

vineyards and 440 for forest) but still we reject the hypothesis of equal means (p-value. It 

means there is still relation between elevation and land use. So the next left out was arable 

land. The rest present a group, where elevation doesn’t influence the classes (p-value 0.11) 

and H0 was accepted. The last step of post – hoc analyses was to compare the two skipped 

classes, H0 has been rejected.   

For highland is characteristic, that the vineyards are situated only in lower heights, the same is 

valid for the most of the gardens and orchards. Therefore they do have smaller variances and 

transformation is necessary – square root of exp(x) p-value 0.57. The ranks are better then by 

the lowlands (gardens and orchards 246, arable land 377, vineyards 197, pastures and 

grassland 485, forest 626). The forest does have the highest rank values because taking the 

highest places. On the other side the vineyards. The grapes are not common higher then 350 

meters. The maximum value is 362 and it is a west oriented slope to get more solar energy. 

The Kruskall-Wallis test confirmed the land use dependence on elevation. The post – hoc 

analyses is the next. Vineyards are the first to leave out. Only two similar classes are orchards 

and gardens with vineyards.  

 

 

Distance from water bodies factor 

 

Insight into the data is usually the first. The very low mean value and low values for 

grassland and pastures were obvious and unexpected. Analyses of means plot have been 

undertaken and described (Figure 14). Designed to be similar to a control chart, this plot 

displays each sample mean together with a vertical line drawn to the grand mean of all the 

observations. Decision limits are included above and below the grand mean. Any sample 

means that fall outside the limits may be declared to be significantly different than the grand 

mean. The mean values are 724 meters for gardens and orchards, 430 for arable land, 610 for 

vineyards, 299 for grassland and pastures and 489 for forests. Water bodies are connected with 
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inversions and many times it freeze just a few centimeters over the surface. Therefore it can 

damage some plants and that is the result why the vineyards are less situated close to water 

bodies. Maybe in the picture 7 can be seen, that the orchards and gardens have higher average 

value, but they also have circa 2.5 times bigger variance as vineyards. The orchards and 

gardens vary both close and more far away from the water bodies. It seem like the water body 

locations wouldn’t influence their position in space. 

 

Figure 14:Analyses of the means for lowland distances from water bodies (2 – orchards and gardens, 3 

– arable land, 5 – vineyards, 7 – grassland and pastures, 8 - forest) 

 

Highland samples had not the same result. Grassland and pastures are not anymore the closest. 

Arable land takes its place. The classes have more even average values. The maximum value, 

therefore range too, is bigger for forests. The forests in highland look like not influenced by 

distance from water. The variance of all values is larger then by lowlands. It is because the 

channel network is denser in lowland. The rivers rise usually on the slopes and more often the 

divide contour line is in the highland and the spots are the most distanced places from streams. 

So the values are greater in highland.   

So after the first insight, possibility of simplification was made. Orchards and gardens have 

the same origin (p-value of t-test is 0.5), the same deals for vineyards (0.67). The other classes 
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have not passed the t-test. (table 32). So it is possible to use vineyard and orchards and 

gardens samples for both classes in following variance check.  

 

Fir of goodness normal distribution test for lowland and highland 

class χ2 Statistics P-value Result 

Forest (8) L 1120 0.00 HA 

Arable land (3) L 4114 0.00 HA 

Gardens and orchards (2) L 213 0.00 HA 

Grassland and pastures (7) L 193 0.00 HA 

Vineyards (5) L 49 2 10-8 HA 

Forest (8) H 1101 0.00 HA 

Arable land (3) H 676 0.00 HA 

Gardens and orchards (2) H 59 8 10-11 HA 

Grassland and pastures (7) H 262 0.00 HA 

Vineyards (5) H 15 1 10-3 HA 

        Table 31: Fit of goodness test for distance from water bodies 

 

Result of data simplification for distances from water b. 

Class Levene test  T-test  Simplify 

Forest 
(p-value 0.00) 

HA 
HA NO 

Grassland and pastures 
(p-value 0.37) 

H0 
HA NO 

Vineyard 
(p-value 0.06) 

H0 
H0 Yes 

Arable land 
(p-value 0.00) 

HA 
HA NO 

Orchards and gardens 
(p-value 0.94) 

H0 
H0 Yes 

     Table 32: Levene test (median) of homoskedasticity & t-test for same origin 

 

The next step is the factor analyses. The normal distribution fitting test doesn’t confirmed 

normal distribution. Homoskedasticity haven’t been proved. So the data in highland have been 

transformed, this time with logarithmic function ln(x) (p-value of Levene 0.75). The same 
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deals for the lowland data. Because of homoskedasticity data were transformed with a function 

1/(x-0.55). Then it was possible to make Kruskal-Wallis test. The grasslands and pastures have 

almost once so big rank value (transformation turned the small values to big and big to small 

and were shrink the differences between the largest and smallest values), the rest vary from 

395 to 468. The influence of the factor been proved in lowland. The post-hoc analyses started 

with skipping the pastures and grassland. The result of rest of the ranks showed, that on 99% 

confidence interval is possible to confirm the unity of the group. But 95% confidence interval 

rejected the unity (the relation between the classes and factor was not confuted). After 

skipping the orchards and gardens the p-value increased to 0.77. It could be good to 

investigate more about the orchards and gardens, whatever they fit or not to the group. Due to 

time limitation, this issue has been not proved or disproved. Classes in highland don’t have an 

extreme class among (Figure 15 shows as well as the situation before post-hoc analyses as 

well as lowlands post-hoc result). The values are transformed and they have not to be 

compared without back-transformation to the real values. As it can be seen in figure 15, forest 

(8) and arable land (3) classes are the closest to each other. Orchards (2) and vineyards (5) 

look quite same too. And pastures and grassland (7) are closer to first two like to the second 

couple. 

Figure 15:Down > Kruskal-Wallis post-hoc result for Lowlands (transformed values of course). Up > 

Kruskal-Wallis before post-hoc analyses for highland. 
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The post-hoc analyses revealed not a different influence of factor on vineyards or on gardens 

and orchards (p-value 0.36). Influence of factor on forest or on arable land (p-value 0.62) was 

ensured by the test like unimportant.  

 

 

Distance from urban fabric 

 

Insight into the data is the first. The very low mean value and low values for gardens 

and orchards were obvious and expected. They are usually near the urban fabric, because of 

private ownership and merely compact parcels of land. Next to the urban fabric are vineyards 

too, but also appearing more distant on the slopes. On the other side most distant are the 

forests. The mean value is some 500 meters more away the pastures and grassland (half of the 

mean value), what is a real important difference. The mean values are 768 meters for gardens 

and orchards, 1014 for arable land, 909 for vineyards, 1120 for grassland and pastures and 

1638 for forests for lowland samples. According to the insight it is expected, that the factor 

has the biggest influence (until now slopes) at least in lowland.  

In highland doesn’t change the situation of the order by mean distance from urban fabric. But 

the values are different. Urban settlements are rare. The distances for all categories except the 

vineyards increased. Less for the orchards and gardens (24 meters), then arable land (85), 

forest (320) and most for pastures and grassland (817).It can be said, the surrounding space 

around the residence can be divided into zones. The most distance places are forest then 

pastures and grassland. Closer are the arable land areas. Vineyards and finally the orchards 

and gardens are then the closest to the residences. Of course the order is not strict and equally 

spreading in space. Communications may extend the variance, relief makes changes too. It can 

be seen very nice from the orthophotomaps.  

So after the first insight, possibility of simplification was made. Levene test was made using 

trimmed mean (in table the values), median and mean. Student t-test tested the hypothesis of 
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the same origin. The vineyards p-value 0.95 indicates the absofuckin’lutely same origin for 

both samplings. So the vineyard samples can be used in both factor analyses. The orchards and 

gardens in lowland have the same origin as the one in highland (p-value 0.62).  

 

Fir of goodness normal distribution test for lowland and highland 

class χ2 Statistics P-value Result 

Forest (8) L 51 2 10-7 HA 

Arable land (3) L 670 0.00 HA 

Gardens and orchards (2) L 29 2 10-4 HA 

Grassland and pastures (7) L 31 6 10-5 HA 

Vineyards (5) L 27 4 10-4 HA 

Forest (8) H 606 0.00 HA 

Arable land (3) H 377 0.00 HA 

Gardens and orchards (2) H 18 7 10-3 HA 

Grassland and pastures (7) H 359 0.00 HA 

Vineyards (5) H 7.5 0.11 H0 

        Table 33: Fit of goodness test for distance from urban fabric 

 

Result of data simplification for distances from water b. 

Class 
Levene test 
(trimmed mean) T-test  Simplify 

Forest 
(p-value 0.00) 

HA 
HA NO 

Grassland and pastures 
(p-value 0.00) 

HA 
HA NO 

Vineyard 
(p-value 0.22) 

H0 
H0 YES 

Arable land 
(p-value 0.00) 

HA 
HA NO 

Orchards and gardens 
(p-value 0.053) 

H0 
H0 YES 

 Table 34: Levene test of homoskedasticity and student t-test for same origin 
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The next step is the factor analyses. The normal distribution fitting test doesn’t confirmed 

normal distribution for all land use types in both samplings. Homoskedasticity haven’t been 

proved, although for lowlands 99% confidence interval proved homoskedasticity (p-value 

0.041, 95% confidence interval is what real matters in this research). So the data in lowland 

have been transformed 1/x (p-value 0.62). The logarithmic transformation has been done for 

upland samples log(x) (p-value 0.5).  

Factor analyses proved that, there is a relation and land use type dependence on distance from 

urban fabric locations. There are three groups each data collection according to post-hoc 

analysis. First group is arable land and forest, second vineyards and pastures and grassland and 

third orchards and gardens for lowland. For highland is the first orchards and gardens with 

vineyards, second forest and arable land, third grassland and pastures.  

Every time, when the factor influence has been recognized, p-value of different value 

appeared. The p-value could be understood as a quantified assurance, that the factor has 

influence on land use type (Table 35). The values were calculated from all Kruskal-Wallis 

tests by scaling (where the greatest influences (p-value 0.00) were set to 1 and the smallest (p-

value 0.05 and higher) to 0).  

 

Rate of factor impact on land use type 

Factor highland lowland  

Slopes 1 1 

Elevation 0.75 0.5 

Distance from water bodies 0.8 0.9 

Distance from urban fabric 0.9 1 

     Table 35: Factor weights for the synthesis. 

 



Ivan Mudroň: Land use optimalization related to erosion in the Čebovský Potok upper river-basin 

91 

 

 

9 Synthesis 

 

 

Synthesis was used to combine single factors. The numeric variables have a weight shown 

in table 35 and for categorical variables a prior probability due to proportion. The categorical 

data have an exact true state of nature. For numerical variables have been made classes of 

localities, what are very suitable, good, poor localities and limit for single land use types. 

Unfortunately the distributions are not distributed according the normal distribution. So “ σ 

rules” couldn’t be used to find the most suitable places. Instead of it have been chosen Robust 

procedures of evaluation.  

The first type of land use had been investigated the urban fabric. Of course the water streams 

are understood as permanent features, which don’t change the spatial dimension. Under the 

water streams is included the whole area between the two banks, not only the single stream. 

The urban fabric is a kind of limitation to other types of land use. The buildings have higher 

resistance to the land use change. The chance of change is very low. The rest of the land use 

types have been done just after the urban fabric. A special class were the unpaved roads. The 

area is quite sensitive to rill erosion. This was one of the terrain results, making observations 

and following the real state of erosion. And unpaved roads many times are the starting areas 

for rill erosion (USPED more important in this case).  
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9.1 Built-up areas 

 

The Slovak urban system has been developing for centuries. It is a long term process, 

where the best locations were used to build up the residences. The system reached the point, 

where a chance of settle a new villages is close to zero. The system is not finished yet, there 

still processes going on. The new houses are built on places of old ones (before dismounted) 

or in wards, which fulfil the wishes of people.  

There are two main streams following the last decade. First is the process of suburbanisation. 

Suburbanisation is growth of areas on the fringes of major cities. It is one of the many causes 

of the increase in urban sprawl. In the satellite communities and suburbs are more healthy 

conditions, life is calm and people have more space to live. And this factor is ongoing trend, 

which needs to be comprehended. The other one is the healthy environment. Parks, green 

urban areas, leisure and sport facilities became more and more common over the last years. 

Before the single localities and neighbourhoods evaluated, has to be studied the position of the 

research area in the regions.   

There are couple cities they affect the area. The district seat is a small town (Veľký Krtíš, 12 

km distant), which has small importance. This is the main reason why the population growth 

and urban sprawl is minimal in this area. There are more reasons, why the district city has not 

the power (gravity theory) to gain more people. But these political, economical and spatial 

reasons are not the main aim of the research. The influence of the other regional important 

cities has to do with move out or making work trips. The one, which cause the move out of 

people are the capital cities Bratislava and Budapest. Maybe the gravity of Budapest is greater, 

but the attendance distance is too big for daily work trips. And Bratislava has even a bigger 

distance, the influence as the capital is greater. People move out, mostly young people, is a 

common problem. The village Čebovce has a slight decrease of population. Although there are 

new houses build. Few of the old ones have been abandoned. So there was a focus to find one 

or two best areas, where could be build up new houses. The criterion were not to take used 
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land (Urban fabric /old houses/ has value 0, gardens and orchards 5, vineyards 5, arable land 

10, grassland and pastures 2, forest 7, courtyard 0). The next was the distance from the other 

houses, because of compact urban fabric (buffer, over 500 meters excluded the localities), then 

the age of the surrounding houses (0 to new houses, 1 for older ones – 20 years), resistance of 

change (urban fabric 20, grassland and pastures 0, forest 5, arable land 0, courtyard 5), very 

important are the distances from the power, water lines, sewer system and other lines. The 

residential area is very good covered. Then there were excluded the closest areas to houses, 

because of the view and intimacy and parcel size (space for living). An additional two “bad” 

points were given to the localities with high underwater level. All was checked with the 

general village plan and made a conclusion - two best places marked with red borders in map 

11. There were more good localities, so the little things decided for the two best localities. 

First the distance from the main communication and the best one is located close to school as 

well as to the bus station and store, church.  

It has been made a proposal of green urban area. They have violet colour border in map 11. 

One is outgoing from the urban planning documentation and the other one from the terrain 

research. The first is supposed to be a true service tree park, unique in the region. The second 

is a forest inside the village, is calm place far away from the main communications. Water 

well has a spring there and the water stream is close too. With small effort it should be 

transformed to green urban.  

Another issue are the underground houses, wine-cellars and wine houses just north over the 

village. It could be transform to an attraction for the tourists for the future. The Kladivkovo 

part of the Čebovce village has not a great importance as a residential place. Houses and 

cabins for hunters upcoming here for shooting animals are located here. This place has his 

potential to grow too. Map 11 shows the locations of the result. 
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Map 11: Proposal of the best urban changes 
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9.2 Unpaved roads 

 

To exploit all pieces of land as much as possible, they need to be reachable by vehicles 

and machines. There needs to be access to all arable lands for machines to plough, harvest, the 

grasslands to mow, gather, or the chopped trees in forest to transport etc. So there is a network 

of unpaved roads developed for accessing all possible locations. It is very important and 

always has to be found a way how to reach the places where human activities done.   

Due the terrain research have been proved, that the unpaved roads (country, forest or field 

roads) cause erosion, in particular rill erosion more often then the surrounding patterns 

(appendix pictures 4, 8 and 11). The next result of terrain analyses is a fact, that whatever is 

the land activity (land use) there is always at least an unpaved road not far away.  

The unpaved roads have been investigated according to the rill erosion threat. (table 36 shows 

the percentage) If there was a higher threat of rill erosion an alternative road was tried to find. 

There have been tried to find closest alternative, with the lowest terrain resistance.   

 

Class 
Intensity of erosion or 

deposition [t/ha.year] 

Category of soil 

erosion or deposition 
Percentage 

1. 7.5 + HEAVY DEPOSITION 10% 

2. 0.75 – 7.5 LOW DEPOSITION 15% 

3. 0.75 – 0 SLIGHT DEPOSITION 18% 

4. 0 – 0.75 SLIGHT EROSION 28% 

5. 0.75 – 7.5 LOW EROSION 17% 

6. 7.5 -22.5 MEDIUM EROSION 5% 

7. 22.5 – 75 HEAVY EROSION 3% 

8. 75 + EXTREAM EROSION 3% 

        Table 36: Proportion of erosion and deposition under the unpaved roads (rounded values) 
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Due to the time limitation it have been chosen the most endangered unpaved roads (due to 

extreme values both amount and extreme value) and made a research about the alternatives 

how to avoid the erosion. There have been found out, that appearing three kinds of states of 

nature. The safe areas are the one, which are affected with only slight erosion or with 

deposition. There is no need to make same changes here. The threats are the locations 

impacted with low erosion, rare or few spots may be affected with medium erosion. To the 

threats belongs the unpaved road, where is no other alternative due to higher erosion rate in 

surroundings. Here is need of support practice or decrease the harmful use as much as possible 

(for example not to slide the wood on surface). The problem spots are the one, where is 

necessary to find an alternative unpaved road, because of any other use can just increase the 

already started rill erosion or the risk is so high that erosion is just a matter of time.  

The approach in the research was focusing on the maximum values of erosion in the 

surrounding areas of the problem spots. Then the way with minimal maximum have been 

chosen (three - five pixels wide because of resolution 2x2). The changes have been used only 

in case of good optimalization. If there was no good optimal variation (green lines in map 12), 

the road was marked as threat (green numbers) or in case of greater erosion rate as change (red 

numbers). In lowland a bit more then 150 m long segment of a road (map 12 - number 3 in 

right down window) is a nice example where erosion is a greater threat and due to land use 

and surrounding erosion values is no chance to find a better solution. The change should be a 

land cover with lower “RUSLE” C factor as grassland or forest etc. It could change toward to 

the neighbourhood values (example: forest road then forest). 
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Map 12: Proposal of unpaved road changes. 



Ivan Mudroň: Land use optimalization related to erosion in the Čebovský Potok upper river-basin 

98 

 

 

9.3 Arable land 

 

The progress for all of the rest land use types is going to be the same. First in ArcGis 

were the slopes, aspects, soils distances (of course surroundings close to research area too) 

from water and residences prepared. The residences as temporary used cabins, not wine 

houses have been excluded. Then the best locations on slopes, both distances and elevation 

have been chosen (1/3 of slopes and then the rest according to p-value). There had been taken 

attention because the distribution is not normal. Robust approaches needed to be used. 

Gastwirth median have been chosen for the expected value, and robust calculation of quantiles 

was next. Then follows the multiplying the layer with a priori probability for soils and aspects. 

The last thing to do is to apply the possible changes to terrain analyses. Terrain research was 

important here (age of wine grape, forest etc.). At the end the limits were added to layer.  

Tables 37 - 40 are showing an example of a priori probabilities for aspects and soils. 

 

Type of land use 
Aspect 8 

No NE E SE S SW W NW N 

Orchards and gardens 

Arable land 

Vineyards 

Grassland and pastures 

Forest 

0.02 

0.66 

0.01 

0.01 

0.30 
 

0.02 

0.72 

0.01 

0.02 

0.23 
 

0.01 

0.75 

0.01 

0.02 

0.20 
 

0.03 

0.74 

0.03 

0.02 

0.19 
 

0.03 

0.74 

0.04 

0.02 

0.18 
 

0.03 

0.74 

0.03 

0.02 

0.18 
 

0.05 

0.69 

0.03 

0.02 

0.21 
 

0.05 

0.69 

0.03 

0.02 

0.21 
 

0.01 

0.64 

0.01 

0.01 

0.32 
 

 Table 37 Input values into the synthesis for aspects in lowland 

 

Type of land use 
Aspect 8 

No NE E SE S SW W NW N 

Orchards and gardens 

Arable land 

Vineyards 

Grassland and pastures 

Forest 

0.001 

1.00 

0.001 

0.001 

0.001 
 

0.001 

0.32 

0.01 

0.10 

0.58 
 

0.01 

0.33 

0.001 

0.11 

0.55 
 

0.01 

0.31 

0.001 

0.11 

0.56 
 

0.03 

0.32 

0.02 

0.11 

0.52 
 

0.05 

0.32 

0.02 

0.11 

0.51 
 

0.03 

0.30 

0.01 

0.12 

0.54 
 

0.01 

0.31 

0.001 

0.10 

0.58 
 

0.001 

0.30 

0.01 

0.11 

0.59 
 

 Table 38 Input values into the synthesis for aspects in highland 
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Type of land use 

SOILS 

FLUVISOL 
HAPLIC 

LUVISOL 

ALBIC 

LUVISOL 

CAMBISOL PLANOSOL, 

STAGNOSOL 

Orchards and gardens 

Arable land 

Vineyards 

Grassland and pastures 

Forest 

0.02 

0.9 

0.01 

0.01 

0.1 
 

0.03 

0.8 

0.03 

0.01 

0.1 
 

0.02 

0.5 

0.001 

0.02 

0.4 
 

0.01 

0.4 

0.03 

0.05 

0.5 
 

0.01 

0.7 

0.01 

0.01 

0.3 
 

       Table 39 Input values into the synthesis for soils in lowland 

 

Type of land use 

SOILS 

FLUVISOL 
HAPLIC 

LUVISOL 

ALBIC 

LUVISOL 

CAMBISOL PLANOSOL, 

STAGNOSOL 

Orchards and gardens 

Arable land 

Vineyards 

Grassland and pastures 

Forest 

0.001 

0.8 

0.001 

0.01 

0.2 
 

0.01 

0.7 

0.02 

0.03 

0.1 
 

0.01 

0.4 

0.001 

0.07 

0.5 
 

0.01 

0.3 

0.01 

0.11 

0.6 
 

0.02 

0.7 

0.01 

0.09 

0.2 
 

       Table 40 Input values into the synthesis for soils in upland 

 

The tables 37 to 40 are for the other types of land use, so there are not repeated in the text. The 

values for the quantitative variables have been calculated statistics (Gaswirth median, 

expected value, standard deviation) to sort the values into 3 groups. They have been evaluated 

2, 1 and 0.1 according to the measures of central tendency and standard deviation. 1.25 sigma 

rule has been made for the best locations (2), 4 sigma for 1 and rest were evaluated as 0.1. The 

tables 41 and 42 showing the statistics values (all robust calculated). Then the whole 

calculation value V (before the decision of changes, Map 13) is done by formula: 

     V = PA + PS + ∑ Rfi.Fag, 

where PA is a probability of arable land on certain aspect (table 37,38), and PS (Table 39,40) is 

probability on certain slope, Rfi is rate of factor impact (table 35), Fag is factor aptness group. 

The values have been calculated as said before (robust for example standard deviation is 
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addition of first and third quartile divided by 1.3490) from statistics in tables 41 and 42 (UF 

means urban fabric and W water bodies). [3]  

 

Type of land use 

ARABLE LAND 

DISTANCE 

FROM UF 

DISTANCE 

FROM W 
SLOPES ELEVATION 

Expected value 

Standard deviation 

Gaswirth median 

369.50 

547.81 

337.90 

972.00 

1441.07 

939.98 

3.32 

5.19 

3.30 

213.50 

316.53 

212.60 

       Table 41: Input statistics into the synthesis for arable land in lowland 

 

Type of land use 

ARABLE LAND 

DISTANCE 

FROM UF 

DISTANCE 

FROM W 
SLOPES ELEVATION 

Expected value 

Standard deviation 

Gaswirth median 

1027.13 

1522.79 

1003.75 

288.13 

427.17 

276.08 

5.32 

8.15 

5.00 

377.88 

560.23 

318.93 

       Table 42: Input statistics into the synthesis for arable land in highland 

 

Map 13 shows the suitability of land for arable land use. The very best places are already 

naturally covered by arable land. The map 14 shows the constraints and the best occurrence 

for changes. The very best one is covered by a vineyard, which is older and so the production 

of wine grape is lower. So same way as Weber described in his theory of industry and 

movement of facilities, the cost of changes, vineyards change to arable land is lower then the 

rest of the possibilities.  
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Map 13: Land suitability for arable land 
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Map 14: Land suitability for arable land with constraints and best change to arable land 
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9.4 Vineyards 

The same way, how was achieved the previous subtask, has been processed the land 

suitability for vineyards. The research are, mostly the lowland and the south and southwest 

slopes of Krupina plain belonging to the traditional vine-region. The economical trend in 

western European countries has a global impact to the wine-production of whole Europe. 

Mostly the Spanish wine producing companies covering most of the costs by government 

financial support, started to produce high-quality and cheap prize wines. The domestic 

production can just hardly keep the pace with. The country price of wine grape was going 

rapidly down in year 2009 and if the trend is not going to change, some greater impact will 

follow. In previous subtask (map 14), was a vineyard selected, which has a chance to change 

into the arable land. The two change proposals are arable land and grassland (more east), 

shown in the map 15. 

 

 

Type of land use 

VINEYARDS 

DISTANCE 

FROM UF 

DISTANCE 

FROM W 
SLOPES ELEVATION 

Expected value 

Standard deviation 

Gaswirth median 

556.00 

824.31 

543.60 
 

888.00 

1316.53 

850.22 
 

4.71 

7.41 

4.30 
 

211 

312.82 

208.02 
 

       Table 43 Input statistics into the synthesis for vineyards in lowland 

 

Type of land use 

VINEYARDS 

DISTANCE 

FROM UF 

DISTANCE 

FROM W 
SLOPES ELEVATION 

Expected value 

Standard deviation 

Gaswirth median 

775.63 

1149.92 

828.89 
 

511.88 

758.90 

478.50 
 

8.38 

12.42 

7.76 
 

259.00 

384.00 

254.53 
 

       Table 44 Input statistics into the synthesis for vineyards in highland 
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Map 15: Land suitability for vineyards with constraints and best proposed change to vineyards 
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9.5 Orchards and gardens 

Orchards and gardens are a special class. They are quite similar to private possessed 

vineyards. Many of them are in private ownership, same as vineyards and then to predict the 

changes is difficult. There would be nice to make analyses of ownership factor. Because 

gardens and orchards are mostly up to the owner, what they decide to do, analyses should be 

worth. However the potential of natural resources can limit allocation. Most of the supposed 

changes doesn’t follow strict rules and new orchards appeared over the last on places 

foregoing forests. In the map 16 is shown except the positive changes one change from 

orchards class into the grassland class (marked with green A). This parcel of land has an 

extreme value of distance from the urban fabric and the other variables doesn’t make dis 

disadvantage smaller. 

 

Type of land use 

ORCHARDS AND GARDENS 

DISTANCE 

FROM UF 

DISTANCE 

FROM W 
SLOPES ELEVATION 

Expected value 

Standard deviation 

Gaswirth median 

558.00 

827.28 

511.40 
 

719.75 

1067.09 

702.08 
 

4.89 

7.41 

4.70 
 

207.00 

306.89 

204.90 
 

       Table 45 Input statistics into the synthesis for orchards and gardens in lowland 

 

Type of land use 

ORCHARDS AND GARDENS 

DISTANCE 

FROM UF 

DISTANCE 

FROM W 
SLOPES ELEVATION 

Expected value 

Standard deviation 

Gaswirth median 

694.25 

1029.28 

701.91 
 

587.50 

871.02 

524.59 
 

7.01 

10.38 

7.30 
 

272.75 

404.37 

269.70 
 

       Table 46 Input statistics into the synthesis for orchards and grasdens in highland 
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Map 16: Land suitability for orchards and gardens with constraints and proposed change 
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9.6 Forest 

Forest patterns have the least limitations. But there is necessary to distinguish between the 

production forest and the reserved forest, where timber production is impossible or limited. So 

the river bank forests are limited as well as the forest about the water wells. Nature 

preservation localities (Kamenný vrch, Devičie, Čebovká lesostep) should be and are more 

consistently protected.  

One of the handicap of the statistical approach, was filtering out of the extreme small values of 

the distances to the water streams. They are due erosion protection a common occurrence, 

while the rest of the distances are greater. This can lead to bad results and the interpretation 

has to be modified according to this fact.   

Most of the changes are bound with the grassland and pastures. Map 17 shows the results of 

the best of them. 

 

Type of land use 

FOREST 

DISTANCE 

FROM UF 

DISTANCE 

FROM W 
SLOPES ELEVATION 

Expected value 

Standard deviation 

Gaswirth median 

418.50 

620.46 

402.40 
 

1596.00 

2366.20 

1591.50 
 

7.24 

10.38 

7.11 
 

252.00 

373.61 

248.54 
 

       Table 47 Input statistics into the synthesis for forest in lowland 

 

Type of land use 

FOREST 

DISTANCE 

FROM UF 

DISTANCE 

FROM W 
SLOPES ELEVATION 

Expected value 

Standard deviation 

Gaswirth median 

1869.00 

2770.94 

1772.93 
 

356.50 

528.54 

328.10 
 

11.22 

16.31 

10.70 
 

431.00 

638.99 

427.20 
 

       Table 48 Input statistics into the synthesis for forest in highland 
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Map 17: Land suitability for forest with constraints and best change to forest 
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9.7 Grassland and pastures 

 

Grassland and pastures are related with livestock production. Over the last two decades 

it has been decreasing the number of animals in the region. But in the last three years, it started 

a turn. But still there are some regulations (EU law about the production of fertilizers), which 

hinder further growth of the herds. The forest and grassland and pastures border is one of the 

main effects.   

The quite interesting thing on statistical result, were the slope limitation of 25 and 12.5 

degrees for the suitable area borders. They are fully corresponding to law, about the land use 

limitation. 25 degrees and steeper slopes shouldn’t be mow by machines anymore (only by 

hand). Among the proposed changes in map 18 are the 2 erosion preventions. In the south is a 

arable land suitable for grassland and pastures. 

Type of land use 

GRASSLAND AND PASTURES 

DISTANCE FROM 

URBAN FABRIC 

DISTANCE 

FROM WATER 
SLOPES ELEVATION 

Expected value 

Standard deviation 

Gaswirth median 

246.75 

365.83 

207.16 
 

1106.25 

1640.10 

1009.61 
 

6.52 

9.64 

6.30 
 

255.25 

378.43 

254.84 
 

       Table 49: Input statistics into the synthesis for grassland and pastures in lowland 

 

Type of land use 

GRASSLAND AND PASTURES 

DISTANCE FROM 

URBAN FABRIC 

DISTANCE 

FROM WATER 
SLOPES ELEVATION 

Expected value 

Standard deviation 

Gaswirth median 

1784.63 

2645.84 

1586.82 
 

336.50 

498.88 

313.40 
 

7.59 

11.12 

7.00 
 

487.00 

722.016 

482.00 
 

       Table 50: Input statistics into the synthesis for grassland and pastures in highland 
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Map 18: Land suitability for grassland and pastures with constraints and best proposed change 
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10 Conclusion and Summary 

 

The research has been proved, that statistical approach is able to examine and evaluate the 

best changes of land use due to changing economical situation. Right now in the time of new 

global economic crisis it is important to adapt very fast to the changes. The statistical approach 

is overcoming the obstacle of market demand by expanding the research area to greater one. 

So the economical phenomenon makes the same spots with same natural resource potential 

used different way. Following the other researchers and their progresses happened many times 

an awkward situation. For example walking the land specified as (for example) “Potato district 

with high cattle raising” in north Slovakia can be seen no potato plants in fields (except private 

gardens). All of them are planted in maize district in south Slovakia, because of higher 

production. The statistical approach avoids this situation. Although all this, the statistical way 

is not the easies one and there is a big struggle with transformations and due to rejection of 

normal distribution are the traditional used techniques as ANOVA can’t be used.   

It also can be a decision tool, if the market situation turns very fast. Just now is due to high 

financial aid of Spanish and Italian governments produced cheaper wine and this can lead to 

some changes in land use. If they should be done, then it would be the best one with less loss. 

The statistical approach was focusing on the single factors. It could be done with comparing 

the values between the classes and then making the decision boundaries between the classes. 

Pattern recognition methods are a bit different point of view how to reach the results. Next 

thing, what actually could be investigated same way is the problem with abandoned land. Also 

the deeper soil horizon of orchards and gardens should be by sufficient data investigated and 

found the a priori empirical support practice value for RUSLE in the area. It could be done by 

regression. There is still a lot to practice and do, what couldn’t be done because the lack of 

time.   

But one is clear, statistical approach is quite sensitive to input data and the methods can be 
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misused or used badly. Garbage in – garbage out is a logical impact. And it is not only about 

the detail in data (btw. Corine land cover is not suitable for research on areas smaller then 

50km
2
), it is about the data processing too (e.g. slopes doesn’t have to be rounded, because of 

goodness-of-fitting test). The best, but most time-costly is the terrain research. It proves or 

disapproves the results or can lead to a positive feed-back.  

The major problem is the transformation of the data before used. The events, occurrence etc. 

should appear in the nature according to the normal distribution. It is not truth. Here starts the 

struggle to transform data without loosing important information. Lognormal transformation 

can’t help at all times. Often the skewness and kurtosis is too high or the variance (grassland 

and pastures, arable land almost every times) is too high (elevation in forests). Fortunately 

researches deal with that problems for a long time and the progresses are well known.  

And finally, with every solved question (the goals set in objectives were overreached) is 

another unsolved one appearing. Then circle of curiosity is never broken and keep searching 

us for the next answers. Trying to find new solutions makes personal improvement, what was 

one of the most important outputs of this diploma thesis.  
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APPENDIX 

 

Map 1: Annual soil loss in tons per hectare 

Map 2: USPED sheet erosion 

Map 3: USPED rill erosion 

Figure 1: Pie chart describing portion of individual types of land cover 

Figure 2: Wind charts for 0 - 2 m/s and 2 – 4 m/s speed wind. Source: SHMÚ 

Figure 3: Picture of types of agricultural landscape use 

Figure 4: Wind charts for 4 - 6 m/s and 6 – 8 m/s speed wind 

Figure 5: Wind charts for calms and 8 up m/s speed wind. Source: SHMÚ 

Figure 6: Wind erosion 

Figure 7: Red border for NATURA 2000 and a sketch of the „core protection” proposal with 

green colour. However in the eastern part is Holica, the second core. But Holica is outside the 

research area 

Figure 8: Erosion limits for single land use cover 

Figure 9: Annual soil loss (RUSLE) for different land cover and management practice 

Figure 10: Frequency table for soils in lowland 

Figure 11: Piechart for soils in lowland 

Figure 12: Piechart for soils in lowland 

Figure 13: Barchart showing the types of soils, number of samples per type and proportion of 

land cover in Highland random sampling 
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Figure 14: Frequency table for land use by soils in highland area 

Figure 15: Box and Whisker Plot for elevations in lowland. Positive skewed distribution with 

extreme maximum values 

Figure 16: Density function for elevations in highland 

Figure 17: Homoskedasticity in elevation data (2- gardens and orchards, 3 – arable land, 5 – 

vineyards, 8 - forest) after skipping grasslands and pastures for lowland 

Figure 18: Post - hoc analysis for slopes in lowland (Statgraphics centurion) 

Figure 19: Examples of problematic, safe and endangered segments of unpaved roads 

Table 1: Temperatures [˚C] for years 1981 – 2007 

Table 2: K factor values for HPJ codes 

Table 3: Soil depth by 5
th

 and 6
th

 digit of BPEJ code 

Table 4: Summary statistics for elevations in lowland 

Table 5: Summary statistics for elevations in highland 

Table 6: Levene test for pastures and grassland in lowland 

Table 7: Statistics of slopes and χ
2
 test of normal distribution for grasslands and pastures 

Picture 1: Erosion in Cerina valley. Top soil horizon moved down the slope in form of a 

block. The impacted area is 15.5 times 26 meters 

Pictures 2 and 3: Deep Haplic soil (58 - 67 cm just the B1 horizon) was used as arable land 

before the erosion, after as natural grassland mowed twice a year 

Picture 4 shows the rill erosion of the Cambic soils. Before the erosion the land was used as 

an unpaved road. By moving the chopped down trees was broken apart the structure of the soil 

Picture 5 and 6 show the result of building a water-pipeline. The suddenly fast melting snow 

(2010 was an extreme year with 35 cm snow cover, which melted in 2 days) has accelerate 

dramatically the erosion process 
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Pictures 7, 8: The highest annual soil loss is next to the river bed (left picture shows river 

Cerina) and on the steepest slopes (right picture shows south-south east slopes of spot height 

Krehora). 

Picture 9 On the basis of terrain research support practice depends on ownership. The A 

horizons were deeper then the outcomes. It can be accredited to owners. This also proved that 

the people are empiric and learn out of the history and past. 

Picture 11 – starting state of rill erosion 
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Map 1: Annual soil loss in tons per hectare. (upper values included) 
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Map 2: USPED sheet erosion [t / ha year] 
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Map 3: USPED rill erosion [t / ha year] 
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Figure 1: Pie chart describing portion of individual types of land cover 

 

 

Figure 2: Wind charts for 0 - 2 m/s and 2 – 4 m/s speed wind. Source: SHMÚ 

PERCENTAGE OF LAND COVER TYPES 
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Figure 3: Picture of types of agricultural landscape use. Source:Atlas krajiny SR. 2002 

 

 

     Figure 4: Wind charts for 4 - 6 m/s and 6 – 8 m/s speed wind. Source: SHMÚ 
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Figure 5: Wind charts for calms and 8 up m/s speed wind. Source: SHMÚ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
    Figure 6: Wind erosion. Source: Kobza et all. 2005 
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Figure 7: Red border for NATURA 2000 and a sketch of the „core protection” proposal with green 

colour. However in the eastern part is Holica, the second core. But Holica is outside the research area. 

 

 

Figure 8: Erosion limits for single land use cover. Source: Mudron 
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Figure 9: Annual soil loss (RUSLE) for different land cover and management practice. Source: Mudron 
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Figure 10: Frequency table for soils in lowland. Source: Mudron 2010 

 

 

Figure 11: Piechart for soils in lowland. Source: Mudron 2010 
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Figure 12: Piechart for soils in lowland. Source: Mudron 2010 

 

 

 

 

Figure 13: Barchart showing the types of soils, number of samples per type and proportion of land 

cover in Highland random sampling. 
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0.00% 
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10.61% 

123 

1.34% 

68.72% 
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12 
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Arable 

Land 

0 

0.00% 

0.00% 
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0.84% 

2.66% 
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1990 
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3.41% 

10.82% 
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11.38% 
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1.07% 
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100% 
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55 

0.60% 

88.71% 
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0.00% 

0.00% 

0 

0.00% 

0.00% 
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4.84% 

0 

0.00% 

0.00% 

62 
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Grassland, 

Pastures 
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0.00% 
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0.01% 

0.10% 
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0.60% 

862 
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10 

0.11% 

0.99% 

41 
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0.41% 
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10.99% 

100% 

Forest 
12 
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100% 

19 

0.21% 

0.38% 

24 

0.26% 

0.48% 

4327 
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86.01% 
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7.39% 
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1.23% 

2.25% 

75 

0.82% 

1.49% 

89 

0.97% 

1.77% 
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100% 

ALL 
12 

0.13% 

97 

1.06% 

188 

2.05% 

7357 

80.21% 

744 

8.11% 

152 

1.66% 

458 

4.99% 

164 

1.79% 

9172 

100% 

Figure 14: Frequency table for land use by soils in highland area. 

 

 

Figure 15: Box and Whisker Plot for elevations in lowland. Positive skewed distribution with extreme 

maximum values. 

 



Ivan Mudroň: Land use optimalization related to erosion in the Čebovský Potok upper river-basin 

131 

 

 

Figure 16: Density function for elevations in highland 

 

Figure 17: Homoskedasticity in elevation data (2- gardens and orchards, 3 – arable land, 5 – vineyards, 

8 - forest) after skipping grasslands and pastures for lowland. 
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Figure 18: Post - hoc analysis for slopes in lowland (Statgraphics centurion) 



Ivan Mudroň: Land use optimalization related to erosion in the Čebovský Potok upper river-basin 

133 

 

Figure 19: Examples of problematic, safe and endangered segments of unpaved roads. 
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D. Plachtince 228m I. II. III. IV. V. VI. VII. VIII. IX. X. XI. XII. 

average temperature -1.5 0.2 4.9 10.6 15.7 18.4 20.5 19.8 15.1 9.7 3.9 -0.6 

max temperatures 3.7 4.4 8.1 13.6 18.4 21.2 22.8 23.6 18.6 12.5 7.7 2.7 

min temperatures -6.6 -5 -0.1 7.3 12.5 15.8 18.2 17.1 11.6 6.8 -1.1 -6.1 

Table 1: up > Temperatures [˚C] for years 1981 - 2007. Source: station SHMÚ 

Table 2: down > K factor values for HPJ codes. Source:  Ilavská B, Jambor P.,Lazúr R 

HPJ  Factor K  HPJ Factor K   HPJ Factor K  HPJ Factor K 

00 0,72  25 0,28  50 0,59  75 0,39 

01 0,20  26 0,28  51 0,50  76 0,40 

02 0,31  27 0,24  52 0,55  77 0,40 

03 0,31  28 0,24  53 0,52  78 0,40 

04 0,34  29 0,24  54 0,51  79 0,40 

05 0,31  30 0,31  55 0,25  80 0,40 

06 0,31  31 0,31  56 0,30  81 0,40 

07 0,26  32 0,13  57 0,30  82 0,40 

08 0,26  33 0,13  58 0,30  83 0,40 

09 0,26  34 0,22  59 0,21  84 0,40 

10 0,13  35 0,03  60 0,21  85 0,30 

11 0,34  36 0,22  61 0,31  86 0,58 

12 0,26  37 0,40  62 0,39  87 0,39 

13 0,26  38 0,40  63 0,30  88 0,31 

14 0,20  39 0,51  64 0,17  89 0,30 

15 0,31  40 0,15  65 0,41  90 0,31 

16 0,13  41 0,67  66 0,35  91 0,31 

17 0,22  42 0,40  67 0,20  92 0,39 

18 0,16  43 0,40  68 0,39  93 0,30 

19 0,23  44 0,51  69 0,25  94 0,30 

20 0,25  45 0,25  70 0,20  95 0,30 

21 0,23  46 0,52  71 0,30  96 0,30 

22 0,23  47 0,72  72 0,25  97 0,72 

23 0,25  48 0,22  73 0,11  98 0,30 

24 0,25  49 0,52  74 0,41  99 0,27 
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Part of 

code 
Soil  

Part of 

code 
Depth [m]  

Part of 

code 

Depth 

[m] 

 

00 D  25 S  46 S 

01 M,D  26 S  50 D 

02 D  23 M  51 D,M 

03 M  24 M  52 D 

04 Moderate (M)  30 D  53 M 

05 Shallow (S)  31 D,M  54 M 

06 S  32 D  55 S 

10 Deep (D)  33 M  56 S 

11 D,M  34 M  67 S,M,D 

12 D  35 S  68 S,M,D 

13 M  36 S  77 S,M,D 

14 M  40 D  78 S,M,D 

15 S  41 D,M  87 S,M,D 

16 S  42 D  88 S,M,D 

20 D  43 M  97 S,M,D 

21 D,M  44 M  98 S,M,D 

22 D  45 S  99 S,M,D 

Table 3: Soil depth by 5
th

 and 6
th

 digit of BPEJ code. Source:  Dzatko, Sobotska 

 

 

Chosen statistics (Statgraphics) 

Count = 14227 Minimum = 113 m 

Average = 227 m Maximum = 31.0 m 

Median = 220 m Range = 406 m 

Mode = 21 m Skewness = 1.5 

Variance = 2853 m
2
 Stnd. skewness = 75 

Standard deviation = 53 m Kurtosis = 4.2 

Coefficient of variation = 24% Stnd. kurtosis = 103 

      Table 4: Summary statistics for elevations in lowland 
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Chosen statistics (Statgraphics) 

Count = 9172 Minimum = 146 m 

Average = 427 m Maximum = 1093 m 

Median = 417 m Range = 887 m 

Mode = 470 m Skewness = 0.6 

Variance = 17176 m
2
 Stnd. skewness = 24 

Standard deviation = 131 m Kurtosis = 0.4 

Coefficient of variation = 31% Stnd. kurtosis = 7.5 

      Table 5: Summary statistics for elevations in highland 

  

 

Input characteristics into Leveneho test in Excel for 

Zij = | Yij – Api. | | with average value 3.42 

N1 = 1008 N2 = 262 

Z1.=3.75° Z2. = 3.09° 

Z..=3.62° N = 1270 

P-value = 1.19 ( 10E-5) W = 19.34 

Reject H0 on 5% and 1% confidence level /FDIST(233,1,8073)/ 

Input characteristics into Leveneho test in Excel for 

Zij = | Yij – x̃i. | | with average value °3.79 

N1 = 1008 N2 = 262 

Z1.= 4.06° Z2. = 3.52° 

Z..=3.59° N = 1270 

P-value = 8 ( 10E-4) W = 11.10 

Reject H0 on 5% and 1% confidence level /FDIST(233,1,8073)/ 

Input characteristics into Leveneho test in Excel for  

Zij = | Yij – x̃”i. | | with average value ° 

N1 = 1008 N2 = 262 

Z1.=3.75° Z2. = 3.08° 

Z..=3.61° N = 1270 

P-value = 1.2 ( 10E-5) W = 19.34 

Reject H0 on 5% and 1% confidence level /FDIST(233,1,8073)/ 

        Table 6: Levene test for pastures and grassland in lowland 
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Highland slope samples Lowland slope samples 

Count = 1007 Count = 261 

Average = 7.82° Average = 6.76° 

Standard deviation = 4.67° Standard deviation = 3.87°  

Chi-Square = 83.36 Chi-Square = 27.23 

Degree of freedom = 8 Degree of freedom = 7 

P-Value = 0.00 P-Value = 0.00 

Reject ND on 95% and 99% 

confidence interval 

Reject ND on 95% and 99% 

confidence interval 

 Table 7: Statistics of slopes and χ2 test of normal distribution for grasslands and pastures 
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Picture 1: Erosion in Cerina valley. Top soil horizon moved down the slope in form of a block. The 

impacted area is 15.5 times 26 meters. Detail in pictures 2 and 3. 

 

 

 

 

 

 

 

 

 

 

 

 

Pictures 2 and 3: Deep Haplic soil (58 - 67 cm just the B1 horizon) was used as arable land before the 

erosion, after as natural grassland mowed twice a year.  
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Picture 4, 5, 6: 4 shows the rill erosion of the Cambic soils. Before the erosion the land was used as an 

unpaved road. By moving the chopped down trees was broken apart the structure of the soil. 5 and 6 

show the result of building a water-pipeline. The suddenly fast melting snow (2010 was an extreme 

year with 35 cm snow cover, which melted in 2 days) has accelerate dramatically the erosion process. 
Source I.Mudron 2009 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Pictures 7, 8: The highest annual soil loss is next to the river bed (left picture shows river Cerina) and 

on the steepest slopes (right picture shows south-south east slopes of spot height Krehora). Source L.Bakay  
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Picture 9 and 11: Left 9- On the basis of terrain research support practice depends on ownership. The A 

horizons were deeper then the outcomes. It can be accredited to owners. This also proved that the 

people are empiric and learn out of the history and past. Right 11 – starting state of rill erosion 

Picture 10: Example of taking measurements of soil horizons – blue line and marks. Source Mudron  

 

 


