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Abstract

Relief, geological substrate, mesoclimatic conditions and historical management contribute to specific
microclimatic conditions National Nature Reserve Mohelenska Serpentine Steppe (MSS). Long-term
development of mesoclimate and effects of anthropogenic activities (construction of the nearby
waterworks in the 80s of the 20th century aminy others) on the temperature and precipitation
conditions are evaluated for the period 1961 - 2014. Data from the nearest climatological station
Hydrometeorlogical Czech Institute (Dukovany) were used. Steppe vegetation in MSS has been
recently reduced by spreading vigorous trees and grasses. Current MSS care plan thus includes
intense management measures (grazing, removal of shrub and tree layer). Management impacts on
climatic conditions MSS will be quantified through monitoring, founded in 2014. The article evaluated
the results of temperature and humidity monitoring at seven monitoring points on the MSS.
Heterogenity of surface temperatures using thermal imaging is laso included.
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Introduction

National Nature Reserve Mohelenska serpentine steppe NNR MSS (GPS 49.1075622N,
16.1853075E, near the village Mohelno, Czech Republic, Central Europe) was established in 1933 on
an area of over 50 hectares on a plateau (Fig. 1) and rocky slopes (Fig. 2b) that fall along the left bank
of the Jihlava River at an altitude of 260-385 MASL. Uniqueness of the steppe is given by
microclimate conditions (hot, dry climate) significantly influenced by geological substrate - heating
rocky surface, morphology of the terrain and its exposure and oligotrophic environment. Rock and turf
steppe provides ecotope for specific animal and plant species. Botanical unique traits of steppe plants
are dwarfs and nanisms.

Care plan of NNR MSS involves removing of non-native tree species, reduction of pines and shrubs,
mowing and grazing. The project "Implementation of measures under the plan of care NPR
Mohelenska serpentine step”, funded by the OPE also supports monitoring activities (among others
systematic measurement of meso and micro-climate) for the evaluation of the measures.

The aim is to (i) evaluate the long-term development mesoclimate in the area, including the impacts of
anthropogenic activities (construction of dams DaleSice and Mohelno in the 80s of the 20th century);
(ii) evaluate the climatic conditions MSS and their heterogeneity and specificity for (iii) the subsequent
evaluation of stand management impact to MSS microclimate conditions.

Fig. 1: Nationa Nature Reserve Mohelno Serpentine Steppe — the steppe part
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Materials and methods

Climatological characteristics

According Quitt (1971) the area belongs to the moderately warm climate MT11, which is characterized
by dry, warm and long summer. Transitional periods are short, with slightly warm spring and autumn.
Winter is relatively short, dry and slightly warm. According to Culek et al. (2013) the higher parts
belongs into a slightly warm area MT9 and the highest into slightly warm area MT5. The warmest part
of the bioregion is southeast edge that falls into a warm area T2. The river valleys are characterized
by significant temperature inversions attended by extreme climate with dry and very warm southern
cliffs. The northern slopes (especially on foot) are cold and wet.

Mesoclimatic and microclimate monitoring

Long-term climatic conditions evaluations employs the data of average monthly air temperature and
monthly precipitation totals for the period 1961 - 2014 of Czech Hydrometeorological station Institute
(Dukovany station, distance of about 4 km).

MSS microclimate evaluation using data from seven meteorological points established in the summer
of 2014. Control climatological stations (hereinafter as ,I“) on the steppe area of the valley monitors in
a ten-minute step: air temperature in radiation shield at a height of 2 m above the ground (sensor
DS18B20 1-Wire, Dallas Semiconductor), humidity at 2 m above the ground (sensor Honeywell HIH
4000), ground air temperature (sensor DS18B20 1-Wire, Dallas Semiconductor without radiation
shield) and sensor HOBO U23 Pro V2 in radiation shield (hereinafter as ,II*), ground humidity (HOBO
U23 Sensor Pro V2 in radiation shield), soil temperature at 3, 5 and 8 cm (sensor DS18B20 1-Wire,
Dallas Semiconductor), rainfall (automatic shuttle gauge with a resolution of 0.34 mm and collecting
area of 200 cm?), the wind speed at a height of 2 m above the ground (W1 anemometer Tlustak
Praha), soil moisture at a depth of 8 cm (AMET sensors VIRRIB Great Bilovice), a global solar
radiation (RT sensor Minikino - Global radiation). Data are continuously available on-line through the
web site (Fig. 2a). Meteopanel will set up information for visitors, informing about current weather
conditions in comparison with neighboring meteorological stations.

Further six sensors HOBO U23 Pro V2 in radiation shield (hereinafter as ,I1I* to ,VIII“) monitor ground
temperature and humidity in ten-minute step were placed in the center of MSS on the rocky and
wooded slopes (Fig. 2b). Sensor Il - located in rocky area with scattered shrubs, sensor |V above
partly grassed rocky surface, sensor V in the rocky area with scattered trees, sensor VI in area with
dense seeding shrubs and trees, sensor VIl in juvenescent pines canopy and sensor VIl above the
grass surface in the forest of full-grown pines.

In addition to point measurements, for primary thermal surveying and for identifying sites with different
temperature conditions for each season Fluke Ti55 IR fusion technology IR camera Fluke Ti55 was
used (Stfedova et al., 2014).
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Fig. 2a: (left) on-line output of climati mn| oring
Fig. 2b: (right) sensors of microclimatic monitoring

Results

The ,normal® (i.e. 1961 — 1990) annual air temperature is 8.3°C and normal annual precipitation is
494.2 mm. This means the site is one of the driest in the country.

Air temperature trend (Fig. 3 and Table 1) corresponds to the climate development in the Czech
Republic, including acceleration increasing air temperatures in recent decades (Center et al., 2011;
Pokladnikova et al., 2009; Roznovsky et al., 2010). The average annual rainfall in the reporting period
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have not clear trend. The longest dry period occurred in the period 1988 - 1994. During the seven-year
period the below average annual precipitation totals were recorded.
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Fig. 3: Mean annual air temperature (Tavg), minimum annual mean monthly air temperature (Tmin)
and maximum annual mean monthly air temperature (Tmax) on reference climatological station
Dukovany, 1961 — 2014

Tab. 1: Mean annual air temperature (Tavg), minimum annual mean monthly air temperature (Tmin)
and maximum annual mean monthly air temperature (Tmax) and mean annual precipitation total on
reference climatological station Dukovany; decade averages

Fig. 4: Basic statistic parameters (minimum, maximum, median, 5 and 95 percentil) of air temperature
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Sensor VIl

Sensor VI

1961-1970 1971-1980 1981-1990 1991-2000 2001-2010
Tavg 8.1 8.3 8.5 9.0 9.2
Tmin -4.4 -2.5 -3.5 -2.5 -2.9
Tmax 18.4 18.6 18.9 20.3 20.3
Precipitation 524.9 467.5 490.2 463.7 516.5
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Conclusion

MSS microclimate evaluation using data from seven meteorological points established in the summer
of 2014. Minimum varies from -9.7 (Il) to -7.8 (VI) and maximum from 31.3 (VI) to 40.7 (lll). Locality IlI
in rocky area with scattered shrubs thus proved the biggest amplitude. Contrary sensor VI in area with
dense seeding shrubs and trees measured more stable temperature regime. Thermal image shows
different surface conditions even in autumn when intense of solar radiation and subsequent heating of
rock is not as high as in summer.
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Souhrn

Charakter reliéfu, geologicky podklad, mezoklimatické podminky a historicky management pfispivaji
ke specifickym mikroklimatickym podminkdm Né&rodni pfirodni rezervace Mohelenska hadcova step
(MHS). Dlouhodoby vyvoj mezoklimatu v oblasti a dopady antropogenni €innosti (mimo jiné vystavba
blizkych vodnich dél v 80. letech 20. stoleti) na teplotni a sraZzkové podminky jsou hodnoceny pro
obdobi 1961 — 2015. Pouzita byla data z nejblizsi klimatologické stanice Ceského
hydrometeorologického Ustavu (Dukovany). Stepni porosty MHS jsou v poslednich desetiletich
redukovany rozriistanim dfevin a Sifenim vzristnych druhu trav. Soucasti aktualniho planu péce jsou
tak intenzivni managementova opatfeni (pastva, odstranovani kefového a stromového patra). Dopady
managementu na mikroklimatické poméry stepi budou kvantifikovany prostfednictvim monitoringu,
zalozeného v roce 2014. V ¢&lanku jsou také hodnoceny dosavadni vysledky teplotniho a vlhkostniho
monitoringu na sedmi monitorovacich bodech na uzemi MHS. Soucasti mikroklimatickych analyz je
plodné méfeni heterogenity teplot povrchu pomoci pozemniho termalniho monitoringu IR kamerou.
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Abstract

Non-wood forests products (NWFPs) are wide group of forest products which are obtained from forest
ecosystems. The aim of research is monitoring of utilisation of the NWFPs in the Czech Republic. We
are looking for products which are actually utilised by inhabitants or which are on market. We make
monitoring of the NWFPs in literature and actual usage of these products by consumers. Result of our
research is database which can help to user in orientation in NWFPs and support decision making of
forest owner in management of these products.

Key words: mushrooms, berries, greenery, medicinal plants

Introduction

The FAO definition (FAO, 2015) non-wood forest products (NWFPs) are of “biological origin other than
wood derived from forests, other wooded land and trees outside forests”. NWFPs offer wide range of
many different products. NWFPs can be derived from trees, understory plants, fungi or animals. They
are collected from natural forests, or produced in plantations and agro forestry systems.

Non-wood forest products start to grow in importance for rural development in many parts of Europe.
Many people are dependent on NWFPs in their livelihood or as a source of their income. Many new
products and especially extracts are promising new sources for pharmacy and food industry. Super
foods are new trend in human nutrition. Forest fruits and plants belong to super food concept.
(Anonymous, 2013)

Sigak (2006) described importance of non-wood forest products for Czech households in his research.
Picking of non-wood forest products is important activity of tourists and they are frequently looking for
mushrooms and forest berries as declare Blaj (2013).

The aim of the paper is introduction of European project which deals with NWFPs and similar project
in the Czech Republic.

Materials and methods

There is description of two projects concerning with non-wood forest products. First project description
introduce European COST project with its aims and structure. Description of project aims of Czech
project dealing with non-wood forest products is shown in the second part of the paper.

Results and Discussion

The aim of the Action COST FP1203 is to build a multidisciplinary European-wide network of NWFP
researchers and managers, who will review current knowledge, highlight existing innovation, share
information, identify research topics, seek research synergies and generally increase European
knowledge about NWFP ecology, modelling, management and economics.

Specific objectives of this Action are:

i) to identify and describe existing NWFPs for the major types of forested ecosystems in Europe;

ii) to review knowledge on NWFPs ecology and the potential threats or changes that might be
expected for each group of NWFP in relation to climate change across Europe;

iii) to compile existing data and models on NWFPs and identify gaps in data and devise new protocols
for NWFP data collection and modelling;

iv) to conceptualise NWFPs production systems, discussing the management of NWFPs in relation to
traditional forest management systems for timber production and the need of an integrated forest
management considering the MSFM paradigm;

v) to address the economics, social/cultural aspects, tenure rights and legal frameworks of NWFPs
including valuation, marketing, and policies, as well as, their role for the Green Economy.

vi) to highlight existing innovation on NWFPs and their production systems in Europe within the work
to be carried out by research area and by NWFP group.

Action is divided into four working groups and four task forces.

Working Group 1: Mushrooms and truffles; will select species where the work to be carried out by the
Working Group will be based on and taking into account their importance in the European context.
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Working Group 2: Tree products; will select which NWFPs of tree origin the most important to be
carried out, taking into account their importance in the European context.

Working Group 3: Understory plants; will select which NWFPs of plants will be the focus of the work to
be carried out, taking into account their importance in the Europe.

Working Group 4: Animal origin; will be focusing on animal products from hunting, fishing and insect
products.

Task force 1: Identification and ecology of NWFPs in Europe; will make a review of the state of the art
and identification of knowledge gaps in the ecology of European NWFPs.

Task force 2: NWFP data and models; will work on a review of European NWFP data and models,
including identified data needs.

Task force 3: Optimising co-production of NWFPs; will identify different management models for
optimizing NWFP production under different forest management conditions.

Task force 4: Economics, marketing and policies for NWFPs; will collect data on national level
(institutional frameworks) as well as in empirical case studies.

Results of the Action will be a database of European NWFPs, a database of European NWFPs
stakeholders and a book on “Sustainable management of European non-wood forest products”
summarising the main findings and conclusions of the Action.

Project COST LD14054 Non-wood forest products in the Czech Republic is aimed to collect data for
main European Action.

Many different products are harvested from the forest stand across Europe. In the Mediterranean are
part of the young shrubs and mosses collected for ornamental purposes and aromatic species of wild
plants are collected to obtain essential oils, which are used in the food industry and perfumery.
Medicinal plants are collected in Central and Eastern Europe and forest fruits are harvested in the
countries of Northern Europe, in both cases, both for commercial and non-commercial purposes.
However, the lack of data on the actual quantities harvested and sold biological and environmental
issues, production and modelling the impact of the collection on long-term protection of the
ecosystem. This project, both at national and European level, will contribute to sustainable forest use
and encourage biological diversity, where NWFPs are an essential part of forest ecosystems. The
importance of NWFPs for the development of rural areas is very high and the results of the project
should be a very useful source of information for rural development. Some of NWFPs have the
potential for commercial use on a national, or European level, and thus to economic benefits in the
regions. However, there is the lack of accurate data on individual NWFPs, which are necessary for its
own sustainable use of NWFPs. The project should eliminate this information gap.

Project results will be professional publications, which will raise awareness of the professional
community in general and specifically about NWFPs possibilities of their utilization, management and
ecology. Awareness of the scientific community can indirectly encourage further research, which will
be followed by the creation of the database. They can inspire further research especially in the use of
extracts of forest trees and plants that have their potential applications in the pharmaceutical, cosmetic
and food industry.

Results of the project (database) can be potentially utilisable by state and local governments for their
decisions in the regions. This project results may contribute to the development of regions, increasing
their economic independence, contribute to reducing unemployment in marginal rural areas. These
marginal localities are especially in mountainous forested areas of the Czech Republic, with great
potential for the use of NWFPs.

The user base for the application of the results is very wide. It is a scientific community that the results
of the project will encourage their further research. The second major groups are forest owners and
managers, who can use the results of the project for decision-making in forest management and use
other products from the forest in their commercial activities to increase the revenue of the forest. The
third group of users of the project may constitute employees of state and local governments, who will
use the results to check sustainable resource use of NWFPs in the territory.

We focused on gathering information on the use of non-timber forest products in the Czech Republic
during 2014. Basis of literature search that identify non-wood forest products, which have been used
historically, and partly in the present, was created in the first stage of the project. Literature search will
be extended next year by another currently used non-wood forest products and foreign sources,
where we focus on products that were not described at Czech publications. We processed data for
preparation of European NWFPs database in 2014 and we will continue in cooperation on collecting
data for developing of European NWFPs database in 2015.
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Conclusion

European action is opened to all people who are engaged in any field of non-wood forest products.
Final European database will be open to anyone who would like to know details about NWFPs in any
European region. Project results of the Czech project will be open to anyone who would like to know
more information about specific non-wood forest product.
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Souhrn

Nedrevni produkty lesa jsou velkou skupinou plodd, hub, léCivych rostlin a riznych ¢asti dfevin, jez se
pouzivaji k dekora¢nim uceliim. Cilem projektu, ktery se zabyva mapovanim nedfevnich produktd
lesa, je shromazdit informace o produktech, jenz se v Ceské republice vyuZivaji pro osobni potfebu
tak I v komeréni sféfe. Vysledkem projektu bude databaze produktd, které Ize ziskat z lesniho
ekosystému a bude pfistupna na hlavnich webovych strankach evropského projektu, jehoz cilem je
propojit znalosti o nedfevnich produktech v celé Evropé. Vysledky projektu budou slouzit nejen
védecké obci, pro kterou mohou byt impulzem pro vyzkum v dané oblasti, ale také pro vlastniky a
spravce lesl(, jimz usnadni rozhodovani v pfipadé vyuzivani nedfevnich produktu lesa.
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Abstract

Within the paper is presented the method of airborne laser scanning (ALS) with focus on the use of
processed ALS data in landscape and nature protection. ALS allows detailed remote mapping of land
surface and terrain with all natural phenomena. On the example of ALS data from the area of
Moravian Karst are described methods of detection and identification of karst formations and rock
outcrops in forests based on processing of Digital Terrain Model (DTM) of high accuracy in GIS
environment. After verification are results of such detection useful for detailed mapping of such
phenomena and may improve its protection and increase tourist importance and recreational potential
of area.

Key words: airborne laser scanning, karst, outcrops, GIS

Introduction

The increasing capabilities of GIS (Geographic Information Systems) and accuracy of geographically
referenced data has provided the basis for more detailed terrain analysis and modeling. Research on
terrain-related surface features is highly dependent on terrain data collection and the generation of
digital models (Melinda et al., 2013). New remote sensing technologies such as airborne laser
scanning (ALS) increases the accuracy of generated terrain models.

The ALS system or LIDAR (light detection and ranging) is based on the principle of the analysis of
laser pulses which are emitted from an aircral/ft, moving at a certain distance from the scanned
object. At the same time for each laser pulse emitted from a source its current position in the space is
recorded by means of differential GPS and inertial navigation unit (INU). The laser pulse hits an object
and it is reflected in the form of an echo back to the sensor and the distance it travelled is measured.
The pulse is reflected from each area surface of an object which creates an echo string — from the
highest (closest to the sensor) area surfaces to the lowest ones, in order to create a dense field of
geographic coordinates in places where laser pulses were reflected from the surface (Baltsavias,
1999).

Airborne laser scanners emit short laser impulses (ca. 10 ns) with the wave length of mostly 1040—
1060 nm and divergence < 1 mrad towards the earth’s surface in a plane perpendicular to the flight
direction. Depending on the flight height, a reasonable diameter of footprint of laser on the earth
surface may vary from 10 cm to as much as 4 m. The field of vision throughout the flight depending on
the scanner type varies from 45° to 75°. ALS can be used both by day or night, in cloudy weather or
where there is a thin coat of snow. However, it is not possible to be used when it is raining or snowing.
When a laser pulse from the LIiDAR sensor encounters a soft target such as a forest canopy, a portion
of the laser beam continues downward; the last returns recorded by the sensor represent the elevation
of the ground, or "bare earth" surface. This characteristic of ALS allows to create highly detailed and
accurate terrain models even in heavily wooded areas (Jacobsen et Lohmann, 2003).

Laser scanning imposes high demands on processing possibilities of available technology as there is
a large amount of data at high accuracy of scanning. The gained data (point cloud) is usually
processed by two basic methods: filtration (its task is to separate points corresponding to a required
object) and classification (where individual surfaces are separated). These processes may be
automatic or semi-automatic; a fully automatic filtration and classification does not always provide the
best results. It is used in zonal and global filters while the biggest differences are between types of
land cover representing urban area and continuous vegetation (Jacobsen et Lohmann, 2003).

As technology evolves, there is also the progressive use in forestry and agriculture, as this data can
be a good source for creating accurate DMT, which become effective tools in forest management and
planning. Until recently, the data were acquired and provided exclusively by private entities and mainly
based on the order. Since 2009 is carried ALS across our country in a joint project of Czech Office for
Surveying, Mapping and Cadastre (COSMC), Ministry of Defense and Ministry of Agriculture called
“Project of New Altimetry of Czech Republic”. The outcome of this project is to create a new altimetry
of the Czech Republic in the form of so-called Digital Elevation Models of 4™ and 5" generation (DMR
4G and DMR 5G) and also to create Digital Surface Model of first generation (DMP 1G). Currently is
ongoing data processing and data are already available for more than half of the territory.
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In the last decade GIS has been recognized as a powerful tool for geographic analysis and has
become a useful tool for cave and karst studies (e.g., Szukalski et al., 2002). GIS analysis of karst
terrains have been used in various studies to delineate karst development Florea et al. (2002),
Denizman (2003), Taylor et al. (2005), Melinda et al. (2013). Through spatial interpolation of available
LiDAR data, depressions associated with karsting can be delineated and classified over terrains using
geoanalytical methods. Research on terrain-related surface features is highly dependent on terrain
data collection and the generation of digital models. Particularly in forests is identification of these
objects difficult due to the lower quality and accuracy. Traditional methods such as field surveying and
photogrammetry can yield accurate results; however, they are limited by time and physical constraints.
ALS provides an alternative for high-density and high-accuracy three-dimensional terrain point data
collection (Liu, 2008).

Materials and methods

Possibilities of ALS data for identification of karst formations and rock outcrops were investigated in
the surrounding of the village Babice nad Svitavou, that lies on the territory of Moravian Karst (fig 1).
Moravian Karst is a Protected Landscape Area (PLA) and is the largest and the most important karst
area in the Czech Republic. The karst area consists of Devon limestone lying northward from Brno.
The landscape character is formed by plateaus with many sinkholes separated by deep canyon
grooves (Moravian Karst, 2015).

Pragus -

o~ Maravian Karst

Brna ‘<

Fig. 1: Location of Moravian Karst

For analysis was used data from so called DMR 5G in the form of pointcloud conducted by COSMC.
The average density of pointcloud was 1 point per square meter. After filtration were all ground points
interpolated into digital terrain model (DTM). Due to scanning period outside the growing season has
DTM in forest stands high density of points reflected from the ground, especially in deciduous forest
stands. Created model has finally 1 meter resolution.

Identification of depressions and sinkholes
Identification of terrain depressions and sinkholes were conducted by analysis of DTM based on
hydrological modeling. Sinkholes are endorheic basins and in the terms of GIS a cells or set of
spatially connected cells whose flow direction cannot be assigned one of the eight valid values in a
flow direction raster. This can occur when all neighboring cells are higher than the processing cell or
when two cells flow into each other, creating a two-cell loop (ESRI, 2015).
GIS analysis were made in ArcGIS 10.3 software with Spatial Analyst extension. To identify closed
depressions within the study area, the flow direction and flow length tools were used to find basin
without drain. Once the depressions were identified, the fill tool was used to create a filled DTM raster
without closed depressions (fig.2). The original DTM was subtracted from the filled DTM to identify
only the closed depression features (Stafford et al., 2002). Depression features were delineated so
that their spatial attributes could be measured and classified for further analysis. The boundaries for
the depressions were created in several steps:

1. Subtraction of DTM and filled DTM

2. Conversion of depression raster to polygons as sinkholes

3. Calculation of sinkholes deepness and area

4. Selection of appropriate sinkholes based on area (larger then 5 square meters), deepness

(deeper then 0,5 meter) and spatial intersect with identified endorheic basins.
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e

M filled sink
Fig. 2: Filling of sink in DTM (ESRI, 2015)

Rock outcrops identification

Rock outcrops are defined as visible exposure of bedrock or ancient superficial deposits on the
surface of the Earth (Wikipedia, 2015). As well as sinkholes, all these objects are not yet recorded on
the maps due to the low resolution of altimetry in forests. New altimetry based on ALS brings new
opportunities for identification even such objects.

To identify rock outcrops within the study area, the focal statistics of elevation value range with
combination of curvature classification was used. On the basis of curvature is possible to classify
convex and concave terrain formations and by elevation range in surrounding of each cell we can find
shifts in terrain. Final rock outcrop locations were created by combination of places with high convex
curvature and high range of elevation. Finally these locations were delineated

Results and discussion

Results of study show that the ALS data are suitable source for interpolation of terrain models with
high resolution and the resulting models are also useful for detecting of very small objects. Used
altimetry conducted by COSMC proved sufficient point density and final precision. The usage of these
data for the chosen purpose may be limited by scanning period, because according to information of
COSMC, the data in the study area was scanned outside the growing season. Scanning on other
location with coniferous trees or during the growing season may lead to a significant reduction of
terrain points due to canopy crowns and thereby may be reduced the density of points and accuracy. It
was not possible yet to verify results of the research in the field, however, on the basis of visual
analysis of shaded relief is possible to conclude that the identified sites correspond to terrain
depressions and rock outcrops (fig. 3 and 4). Besides the identification based on the suggested
methods it may be also determined the basic parameters of these objects such as area and rock crops
height or depth of sinkholes. On the basis of visual evaluation, it was found that the largest errors or
incorrect identification of objects is near human-made structures such as buildings, roads or ditches
and for successful identification should be such objects filtered out. To verify the accuracy of selected
identification methods will be necessary to carry out a verification of observed phenomena in the field.

Fig. 3: Identified and delineated sinkholes and comparison with hillshaded terrain
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Fig. 4: Identified and delineated rock outcrop locations and comparison with hillshaded terrain

Conclusion

This study utilized LIDAR data to identify depression and outcrop features in Moravian Karst in
surroundings of Babice nad Svitavou village. The results of this work don’t solve evaluation of
detected phenomena but concerns more on creation of suitable data processes for identification of
such objects. The results show a high success rate of the selected methods for identification of
sinkholes and rock outcrops and prove that the ALS data is suitable source for this kind of GIS
analysis. After field verification the results can be used in nature and landscape conservation for
accurate mapping of these phenomena, modification of forest management and increase the tourist
attractiveness and recreational potential of area.
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Souhrn

V ramci pfispévku jsou feSeny moznosti vyuziti dat leteckého laserového skenovani (LLS) pro
identifikaci krasovych jevl (pfedevsim zavrt(l) a skalnich vychozi na Uzemi Moravského krasu v okoli
obce Babice nad Svitavou. LLS umoZiuje detailni mapovani povrchu zemského a na zakladé filtrace
a klasifikace bodl LLS je mozné vytvaret velmi pfesné a detailni modely povrchu a terénu. Cilem
prispévku je proto ukazat metody zpracovani dat LLS (dat digitalniho modelu reliéfu 5.generace —
DMR 5G od Ceského ufadu zemé&méfického a katastralniho) v prostfedi GIS za ugelem identifikace
krasovych jevu a skalnich vychozl na zakladé analyzy digitalniho modelu terénu s rozliSenim 1 metru.
Zvlast pro zavrty a pro skalni vychozy byly oddélené vytvoreny metody automatické identifikace na
zakladé hydrologického modelovani a analyzy okoli. Vysledky na zakladé vizualniho hodnoceni
vykazuji velmi vysokou uspésnost, vzhledem k absenci terénniho Setfeni vSak nebylo doposud mozné
provést ovéfeni. Vysledky rovnéz dokazuiji, Ze v ramci CR celostatné dostupna data nového vyskopisu
(DMR 5G) jsou kvalitnim produktem se Sirokym rozsahem pouziti. Na zakladé terénniho ovéfeni bude
nasledné mozné vyuzit automatické postupy pfi mapovani téchto jevu a nasledné pfi ochrané pfirody
a krajiny, pro upravu lesnického hospodafeni nebo ke zvySeni turistické atraktivity a rekreaéniho
potencialu uzemi.
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Ing. Tomas Mikita, Ph.D.
Phone: +420 545 134 021, e-mail: tomas.mikita@mendelu.cz

- 168 -
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Abstract

Tatra National Park with 738 km? and 600 km of hiking trails along with 3-4 million visitors, makes it
one of the most visited national parks in the Slovakia. This paper examines impacts of trampling on
the vegetation and soil along selected trails. The research involves the application of trail condition
assessments to 9,6 km of trails with different visitation based on variety of inventory and impact
indicators and standards to determine baseline condition of trails. These data can then be used for
future comparison and evaluation of development trends. Trail widening and soil loss are the most
important types of trail degradation. Correlational analyses of the collected data can also identify the
role and influence of various factors (e.g. use level and topography). Insights into the influence of
these factors can lead to the selection of appropriate management measures to avoid or minimize
negative consequences.

Key words: visitors, impact, trampling, trail, indicator, Tatra National Park & Biosphere Reserve

Introduction

National parks are generally established for conservation purposes, however at same time they
belong to most attractive places for recreation in the world. Tatra National Park (TNP) is considered as
the most visited protected area in Slovakia (Svajda, 2009). Striking a balance between preservation of
natural resources and opportunities for public recreation often forces responsible authorities to make
compromises between visitation impacts and protection.

Number of direct and indirect effects (impacts) to resources from visitor use were described in
literature — e.g. ground vegetation loss, soil compaction and erosion, shift to trampling resistant
species, increased water runoff and soil temperature, reduced soil fauna, disturbance of animal
species (Cole, 1989; Marion et al., 2011; Zwijacz-Kozica et al., 2013; Griffin et al. 2007). Degraded
resource conditions on trails and number of visitors can have significant impacts also on perceptions
of visitors (Leung & Marion, 2000; Manning et al., 2000; Streberova & Juskova, 2015).

This paper presents research and assessment of visitor-related impacts to the natural resources of the
park. Research involved application of trail condition assessments (Marion et al., 2011) in two valleys
with different level of visitation.

Results can serve as baseline for future update and the inventory of the existing trail system,
assessment of the condition of the trail sections, suggestion of periodic trail system maintenance
program, application of the visitor experience resource protection and other similar frameworks or
establishment of visitor carrying capacities for study areas.

Visitor impacts on the ecological conditions of an area are influenced more by visitor behavior, park
infrastructure, and the resilience of soil and vegetation and less related to overall use levels (McCool &
Lime, 2001). The research is an example of visitor impact assessment methods and procedures
including indicators used for trail monitoring. Relational analyses of the collected data can identify the
role and influence of casual factors (e.g. type and amount of use) and non-casual but influential
factors (e.g. topography). Insights into the influence of these factors can lead to the selection of more
effective actions.

Material and methods

TNP is situated in the highest mountains of Carpathians Mts. along Slovak-Polish border. The major
part is located in Slovakia and in 1948 was declared as national park with an area of 738 kmZ. In 1993
it was included in a network of biosphere reserves, together with the Polish part. Annually it is visited
by about 3 — 4 million visitors (Svajda et al., 2013). The network of hiking trails with a length of 600 km
is particularly popular.

The study areas are two valleys — Mala Studend (MSV) accessible by trail from south with higher
human impact and visitation (including mountain huts Téryho and Zamkovského chata) and Javorova
(JV) accessible from northern part with low number of visitors (see fig. 1). There is marked touristic
trail (green colour) starting near Zamkovského chata (elevation 1460 m asl) reaching the highest point
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Sedielko (2376 m asl) after 5,9 km in MSV. On the other side there is again green tourist trail starting
near Pod Muranom (elevation 1080 m asl) reaching saddleback Sedielko after 9,2 km in JV. Both
areas are situated in national nature reserves with the highest level of protection according Slovak Act

on nature and landscape protection.
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Fig. 1: Location of trails in two study areas — MSV and JV in TNP

In order to quantify exact number of tourists and confirm assumptions about differences in visitation of
two study valleys, a direct data collection method was used to monitor visitor numbers in the selected
test area (Muhar et al. 2002). We used pyro-electric sensors Linetop with one direction records of
passages in hour interval were installed at the entrance points to study areas (fig. 1). Installation,
measurement, control calibration and de-installation were realized between 7.7.2014 and 26.9.2014.

During October 2014 we applied impact assessment procedures (Marion et al., 2011) to two study
trails. Spatial data were transferred from GPS to EasyGPS. Statistical data were transferred to

Microsoft Excel for further analysis.

Results
We assessed 64 sample points along a total length of 9,6 km for two trails within TNP (tab. 1).

Trail grade and trail slope alignment angle were two important inventory indicators assessed in the
survey (Dissmeyer & Foster, 1984; Aust et al., 2004;).

Approximately 9% of the trails are located on flat terrain (0-2% grade), 50% of the trail in MSV and
56% in JV has grades exceeding 15% and 22 % resp. 28% of the trails have grades exceeding 30%
(see tab. 2). The mean grade of trails in both valleys is 19% and 22%. It should be noted that many of
the excessively steep alignments have constructed rock steps or ascend exposed rock faces, which
are not susceptible to soil loss.

Regarding trail’s slope alignment angle, only 28% of trail in JV and no sample points in MSV valley are
aligned within 22° of the landform aspect or fall line (tab. 3), the path naturally taken by water running
down a mountain slope. Once a fall-aligned trail becomes incised, water trapped on the tread is
exceptionally difficult to direct off and can build in volume, substantially increasing its erosion. The
level of erosion also increases exponentially with trail grade, though the natural rockiness of TNP’s
trail treads and stonework can limit erosion. In flatter terrain, such trail alignments are susceptible to
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muddiness and widening. Fall-aligned trails with higher grades frequently require significant
investments in rockwork and ongoing maintenance to keep them sustainable. Water can drain under
or over such work, though freezing winter temperatures can increase danger to trail users or harm and
loosen the rockwork. Mean elevation of the evaluated points is 1888,60 resp. 1756, 31 m above sea
level.

Tab. 1: Inventory and impact indicators summarized by trails

Inventory Indicators Impact Indicators
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MSV | 4800 | 32 | 1888,59 | 19,47 | 3547 | 59,38 | 626 | 0,57 | 2,30 | 111,50 | 389,38 | 6,92
JV 4800 | 32 | 1756,31 | 21,78 | 27,06 | 38,13 | 46 | 0,79 | 2,13 | 80,66 | 276,09 | 6,20

Tab. 2: Trail Grade — MSV / JV (Mean = 19,47 /| 21,78%; Median = 1550 / 16,50%;

Range = 0-100%)
Number of
Grade samR}IeS {)/oints Totals sanz\lpl:?ggirn?; N Totals
0-2% 3 9 3 9
2-6% 7 22 4 12
6-10% 3 9 1 3
10-15% 3 9 6 19
15-20% 6 19 5 16
20-30% 3 9 4 12
30-100% 7 22 9 28
Totals 32 ~100% 32 ~100%

Tab. 3: Trail Slope Alignment — MSV / JV (Mean = 59,38° / 38,13°; Median = 60° / 40°;
Range = 0-90°)

Slope Alignment Number of Totals Number of Totals
sample points sample points JV
MSV

0-22° 0 0 9 28
22-45° 7 22 13 41
45-68° 14 44 8 25
68-90° 11 34 2 6
Totals 32 100% 32 100%

Tab. 4: Elevation — MSV / JV (Mean = 1888,60 / 1756,31 m asl; Median = 1899,13 / 1674,25 m asl;
Range = 1419-2326 m asl)

. Number of sample Number of sample
Elevation points MSV Totals points JV Totals
-1440 m asl (forest 0 0 3 9
zone)
1440-15}00 m asl 13 41 17 53
(subalpine zone)
1800- m asl (alpine 19 59 12 38
zone)
Totals 32 100% 32 100%
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Tab. 5: Number and percent of sample points by impact indicator category

Indicator | Sample points MSV /JV |  Percentage MSV / JV
Trail Width (cm)

0-60 1/8 3% 1 25%
60-90 5/12 16% / 38%
90-120 19/11 59% / 34%
120-150 4/1 13% /3%
150+ 3/0 9% / 0%

Mean = 111,50 / 80,66; Median = 110 / 80; Range = 39-168;
Maximum Incision (cm)

0-2,5 3/1 9% /3%
2,575 16/23 50% / 72%
7,5-12,5 12/6 38% / 19%

12,5+ 1/2 3% /6%

Mean = 6,92 / 6,20; Median = 5,75/ 5,50; Range = 1,5-17,
CSA Soil Loss (cm”?)

0-250 13/18 41% / 56%
250-500 12/10 37% 1 31%
500+ 714 22% 113 %

Mean = 389,30 / 276,09; Median = 322,50 / 235,00; Range = 35-1230;
Mean Trail Depth (cm)

0-2,5 18/15 56% / 47%
2,5-7,5 13717 41% / 53%
7,5-12,5 1/0 3% /0%

12,5+ 0/0 0% /0%

Mean = 3,1/ 2,8; Median = 2,4/ 2,6; Range = 0,6-8,2;

Trail width ranged from 39 to 168 cm with a mean of 111 cm in MSV and 80 cm in JV. Less than 10%
of the trails (and only in MSV) exceed 150 cm in width. According historical norm used in Tatras (1,3 £
0,2 m), trails are generally wide as it is intended by park management. From these numbers also the
total area of intensive trampling disturbance for the trail system can be calculated (based on
extrapolating mean trail width to the total length of TNP trail system).

Maximum incision ranged from 1,5 to 17 cm with a mean of 6,92 resp. 6,20 cm. Cross-sectional area
soil loss measurements (CSA) ranged from 35 to 1230 cm?, with a mean of 389 resp. 276 cm?.
Extrapolating this measure by the trail system length can yield an estimated aggregate soil loss totally
inm®orona per-km basis in m®/km.

A more representative measure of trail incision is provided by calculating mean trail depth from the
vertical measures recorded to compute CSA. This measure ranged from 0,6 to 8,2 cm with a mean of
3,1 resp. 2,8 cm.

Finally, assessments of the tread substrate as a proportion of transect width are used to characterize
the typical trail system substrates described in fig. 2. The predominant tread substrate on both trails is
rock, followed by gravel and soil

Discussion

Results suggest that trail width is predominantly a function of use level. Some authors (Wimpey and
Marion, 2010) investigated also relation of trail width with trail and landform grade and trail slope
alignment which may help to restrict lateral dispersion of hikers (e.g. with increasing trail grade).
Important factors are also behavior of tourists and absence of trail borders. Tread rugosity can widen
trails when hikers often looking for easier passage along trail sides. To address these problems
managers can manipulate with level of trail use, create trail boarders or educate visitors how to
decrease their impact on trails.

Soil loss was assessed for trails using three measures: mean trail depth, maximum incision and cross-
sectional area. Some studies revealed influence of level of trail use, trail grade and trail slope
alignment angle to soil loss (e.g. Wimpey & Marion, 2010). Managers may have little control over level
of use but could consider relocations of trail segments that are excessively steep or that are aligned
closely to the fall line (landform aspect) of mountain slopes. Other option is regular maintenance and
higher attention towards these sections of trails (Birchard & Proudman, 2000). Some authors
commonly recommend to prevent soil loss keep grades of less than 10-12% (Hooper, 1988;
Hesselbarth et al., 2007), trail slope alignment higher than 22° (Olive & Marion, 2006) and trail slope
ratio less than 0,5 (IMBA, 2004). Soil erosion would be much higher than assessed were it not for the
substantial amount of granitic rock in the soils and the extensive use of rock steps.
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Fig. 2: Mean trail substrate cover as a proportion of transect (tread) width

Conclusion

National parks should provide appropriate opportunities for recreation, protection and preservation of
park resources and natural processes. This research provides information and basis for management
of visitors and recreational impacts on resources. Variety of inventory and impact indicators and
standards have been documented as baseline data about the current condition of trails, but this can
also be used for future comparison and evaluation of trends. Trail widening and soil loss are the most
important types of trail degradation.
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Souhrn

Tatransky narodni park se 738 km? a 600 km turistickych stezek, spolu s 3 az 4 miliony navstévnikd, z
néj ¢ini jeden z nejnavstévovanéjSich narodnich park( na Slovensku. Tato prace se zabyva dopady
poslapavani na vegetaci a pldu po vybranych trasach. Vyzkum zahrnuje aplikaci posuzovani stavu
9,6 km stezek s riznou navstévnosti na zakladé riznych ukazatell. Tyto udaje pak mohou byt pouzity
pro budouci porovnani a vyhodnoceni vyvojovych trend(. RozSifeni stezek a ztraty pady jsou
nejdllezitéjSimi typy degradace. Pomoci korela¢ni analyzy ziskanych dat Ize také identifikovat Ulohu a
vliv riznych faktori (napf. uroven vyuziti a topografie). Pohled do vlivu téchto faktord mize vést k
vybéru vhodnych opatfeni pro minimalizaci negativnich dusledkd.
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OPTIONS OF ENSURING SAFE USE OF BEACH SHORES
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Abstract

Bank damage caused by deflation has appeared in nearly all world reservoirs. However, bank
stabilization is mostly seen as a solution and implemented only when bank damage occurs.

In this case, there is a unified scheme used - a stone bank toe is constructed and the (eroded) bank
sloping is restored in place of the erosion wall. Imperiled are also recreational use of the banks —
beaches

Key words: stabilisation, recreation, bank, beach, erosion

Introduction

Basic, yet significant issue of almost every water reservoir that is being managed in the long-term is
the insurance of its bank stability. Important in this matter is the minimization of the soil loss and
sediment yields to the reservoir, the prevention of bank erosion (Galas, 2008, Jedlicka, 2010, Linhart,
1954).

The negligence of proper bank stabilization can be the basic problem with following shoreline retreat
and its transformation. The shoreline retreats mostly as a result of the progressing bank erosion. The
emerging abrasion cavern becomes dangerous for buildings close to the shoreline (Kotaskova, 2010,
Soldo, 2010). The shoreline retreat causes an irreversible forest and agriculture soil loss and has a
significant negative effect on any activities present in the riparian zone (recreation, bankside stand
establishment, cruise etc.).

Current state

From the perspective of the conference topic - very important is the negative effect on the recreation
function of the reservoir, as the potential movement for people as well as vessels is limited in the
riparian zone, use of beaches.

It is fundamental to be aware of the problem. The most important thing when projecting a dam is of
course the full functionality of the dam and other components that ensure that the purposes of the
water work are met. However, after the commissioning of the dam its body is filled with water and the
wave effects start to take place (Korytarova, 2007, Slezingr, 2010, Soltész, 2007). The filling of big
reservoirs can take several weeks or month (oftentimes even more). During this period, it is possible
to focus on the stabilization of those parts of the shoreline that are most prone to bank erosion (which
is oftentimes done) and subsequently on other endangered areas (Synkova, 2009).

Fig. 1: Abrasion damaged bank of reservoir — limited of recreational uses
(reservoir Brno, area Osada, foto M. Slezingr 2012)

Possible solutions

In these areas, it is imperative to design and subsequently construct stabilization measures. There are
two main types of bank protection (Slezingr, 2002, Slezingr, 2010):
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- passive protection includes all stabilization measures that are realized directly in the
protected reservoir bank (Slezingr, 2010)

- active protection is provided by breakwaters. These can be placed either close to the bank or
potentially several meters away from an already damaged bank on the abrasive platform
(Slezingr, 2010, 2007).

Reed planting or planting of suitable shrubs of willow species on the abrasion platform can be used in
certain cases. It is important to use exclusively autochthonic species and their possible diversity.

Fig. 2: Adjusted Beach - suitable for recreational uses
(reservoir Zemplinska Sirava, foto M. Slezingr 2013)

Conclusion

The most important is the prevention of bank deterioration in the very beginning. It is often sufficient to
plan and use suitable biological or biotechnological stabilization measures (Synkova, 2009, Slezingr,
2010). After the abrasion cavern has been formed (viz the Factors leading to the origin and following
progress of bank abrasion), the following shoreline retreat can be very fast under favorable conditions.
It can reach up to tens of meters per year.
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Souhrn

Poskozeni bifehu rozplavovanim postihuje celou fadu nadrzi v€éetné téch svétovych. Stabilizace brehl
jsou vnimany pouze jako nezbytna feSeni a realizovana jsou az tehdy, pokud dojde k samotnému
poskozeni bfehu. Pfitom staci pouZiti jednoduchého feSeni: v paté nejvétSiho poskozeni bifehu umistit
kamennou patku a upravit sklon erodovaného bfehu, tak aby se dale eroze nerozSifovala. Bfehy je
nutné chranit, protoZe erozi jsou poSkozeny i bfehy uzivné k rekreaci — plaze.

Contact: .
prof. Dr. Ing. Miloslav Slezingr
Phone: +420 545 134 520, e-mail: miloslav.slezingr@mendelu.cz
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PLACES WITH ICE IN PROTECTED AREAS AND VISITORS

Véclav Zdimal
Department of Applied and Landscape Ecology, Faculty of Agronomy, Mendel University in Brno,
Zemédélska 1, 613 00 Brno, Czech Republic

Abstract

Moravsky Kras is the largest karst area in the Czech Republic and is important place for recreation
activities. Moravsky Kras is known primarily by caves. There are more then 1100 caves registered in
Moravsky Kras. The following five caves are opened to the public: Punkevni, Katefinsk4, Balcarka,
Vypustek and Sloupsko-$osUvské. About 400,000 people visit them every year. Deep valleys with
inverse locality are interesting for tourists either. The HolStejn valley near Stara Rasovna cave belongs
to the coldest sites of the Moravian Karst, which is determined by forest stand in the surroundings and
by the valley orientation. Into this valley flows the cold air and snow accumulates here, which lies here
significantly longer time than in the surroundings. It is terminated by the labyrinth of small phreatic
tunnels and a stack of blocks leading into the half blind HolStejn valley near the sink of the river Bila
voda. These localities with ice decoration, which lasts for a few months of the year, are very attractive
for visitors. The crawling through these localities is dangerous for visitors and destroys plant and
animal communities.

Key words: Moravsky kras, visitors, ice decoration, inverse locality

Introduction

Research of karst areas is today mainly amateur issue. People do it at their free time as recreation
activities. Moravsky Kras is the largest karst area in the Czech Republic and is important place for
recreation activities. There are more then 1100 caves registered in Moravsky Kras. The following five
caves are opened to public: Punkevni, Katefinska, Balcarka and Sloupsko-$oStvské. About 400,000
people visit them every year. The other caves are closed for public.

Except for caves there are other interesting karst forms for tourist in Moravsky kras. One of them are
Deep valleys with inverse locality and snow accumulates.

Microclimate of deep valleys is an important element of their formation and existence and it influences
many karst and biological processes. Air circulation, temperature and humidity influence the creation
of specific environment.

Measurement of microclimate in inverse locality is no easy issue. This climate is frequently regarded
as really constant, because its changes are small compared to the outer temperature. Thus
measurements in these places require adequate equipment with necessary precision and long time,
because the changes may occur in an unexpected moment too.

Materials and methods

Local topographical features enhance the formation of inversions, especially in valley locations.
Temperature and air humidity were measured in the Stara Rasovna valley. This valley is very
interesting for visitors. The Stara Rasovna valley lies in north-eastern part of the Moravian Karst,
which belongs to the geomorphological unit Drahanska vrchovina Highland (Stogr and Kugera 1997;
Vit 1998). The valley system was created in Devonian limestone of the Macocha Formation. The
valley lies near the village HolStejn in the Hradsky valley in altitude 462 m a. s. |. It is terminated by a
labyrinth of small phreatic tunnels and a stack of blocks leading into cave Pikova dama. Stara
Rasovna valley is the end of the half-blind Hol8tejn Valley near the disappearance of the Bila voda
River. The HolStejn Valley near Star4 Rasovna Cave belongs to the coldest sites of the Moravian
Karst, which is determined by forest stand in the surroundings and by the valley orientation. Into this
valley flows the cold air and snow accumulates here, which lies here significantly longer time than in
the surroundings.

Air temperature and relative humidity were measured due to character of the valley during winter
season from December 27, 2013 to April 29, 2014. Measurement interval was set on 15 minutes. In
the valley was located CEM DT-171 Data Logger (Shenzhen Everbest Machinery Industry Co., Ltd.;
Range: Temperature: -40 to 70 °C, RH: 0 % to 10 % RH, Accuracy: Temp: £ 1 °C, RH: £ 2 %). The
HOBO U10 Data Logger, placed near the cave entry, was used for measurement of external air
temperature and relative humidity. For specification of the measurement methods, the Methodic of
monitoring of microclimatic conditions in cave systems (Hebelka et al. 2011) was used.

Data processing was performed by softwares: Microsoft Excel, HOBOware lite and STATISTICA.
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Results

Temperature measurements has proven great influence of seasonality. Air temperature ranged
between -11.7 and 1 °C. The temperature was bellow zero from January 22, 2013 to March 22, 2014.
The temperature was a little above zero in the rest of the measuring season.
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Fig. 1: Temperature in the valley

Discussion

The Stara Rasovna valley is relatively frequently visited. It lies on the red tourist trail. There are snow
and ice decoration from December to April. These conditions create suitable environment for specific
plants and animals. Snow and ice decoration are at the same time very attractive for tourists. The
tourists play with snow, destroy snow decoration, disturb mosses and other plants. This activities can
disturb fragile and rare environment.

Conclusion
Deep valleys at Moravsky kras are inverse locality with snow and frost for a long time. The tourists
endanger these localities and disturb this environment.
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Souhrn

Vyzkum krasovych oblasti je v dnedni dobé& do amatérskou zaleZitosti. Lidé je zkoumaji ve volném
ase jako rekreaéni aktivitu. Moravsky Kras je nejvétsi krasovou oblasti v Ceské republice a duleZitym
mistem pro rekreacni aktivity. V Moravském krasu je registrovano vice nez 1100 jeskyni. Vétsina z
téchto jeskyni je vefejnosti nepfistupna. Kromé jeskyni jsou v Moravském krasu turisticky zajimavé i
dal$i krasové formy. Jednou z nich jsou hluboka krasova udoli s inverznim charakterem. V téchto
udolich je specifické mikroklima dalezitym prvkem jejich vzniku a existence a ovliviiuje fadu procesu.
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Teplota vzduchu byla méfena v koncové C¢asti poloslepého uddoli Stara rasovna, ktera lezi
v severovychodni ¢asti Moravského krasu pobliz obce HolStejn v tzv. Hradském (HolStejnském),
Zlebu. Konec poloslepého Holstejnského udoli je tvofen bludis§tém malych chodeb a sborem balvani
usticich do Ledové chodby jeskyné Pikova dama a patfi k nejchladné&jSim mistdm Moravského krasu.

Teplota vzduchu zde byla méfena vzhledem k charakteru udoli v zimnim obdobi od 27.prosince 2013
do 29. dubna 2014, interval méfeni byl zvolen 15 minut. V Ledové chodbé byl umistén Data Logger
CEM DT-171 Data Logger (Shenzhen Everbest Machinery Industry Co., Ltd.). Zaroven byl pouzit i
Data Logger HOBO U10 pro méfeni venkovni teploty a vihkosti vzduchu, ktery byl umistén v blizkosti
udoli. Pro stanoveni metodiky méfeni byla pouzita Metodika monitoringu mikroklimatickych poméru
v jeskynnich systémech (Hebelka a kol., 2011). Teplotni méfeni prokazalo sezénni zmény. Teplota
vzduchu se pohybovala mezi -11,7 a 1 °C. Teploty pod nulou se drzela od 22. ledna do 22.bfezna
2014. V ostatnim obdobi byla teplota mirné nad nulou. Tyto teplotni podminky vytvafi prostifedi
vhodné pro urcité druhy rostlin a zivo€ichll. Zaroven jsou dlouho lezici snih a ledova vyzdoba
atraktivni pro turisty, ktefi navstévami a hrami v této citlivé lokalité narusuji kfehké a vzacné prostredi.

Contact:
Ing. Véaclav Zdimal, Ph.D.
Phone: +420 545 132 463, e-mail: zdimal@mendelu.cz
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PRECISION OF TRAVEL COST MEASURES IN ESTIMATION THE RECREATION DEMAND: THE
CASE OF SUMAVA NATIONAL PARK

Katerina Kaprova
Charles University Environment Center, José Martiho 407/2, 162 00 Praha 6, Czech Republic

Abstract

Recreation demand models represent the core methodology for investigation of nature-based
recreation patterns and recreation utility. The application depends on travel cost measure, which
serves as a shadow price of visiting natural areas. However, the determination, inclusion and
specification of travel cost components vary widely among studies and there is still no consensus on
the geographical and economic grounds. Rarely is travel cost data obtained directly from respondents;
instead, most studies have used simplifications of journey length and time cost. Mainly for larger
recreation areas, this may strongly impact the results of the demand estimation and utility analysis.
Based on a recent on-site survey in Sumava national park, this study presents a sensitivity analysis of
the recreation demand results to the definition and level of accuracy of travel cost measure; we
compare perceived and objectively defined travel cost measures at several simplification levels
commonly used in travel cost studies, accounting also for the perception of time during the travel. We
discuss also the reliability of respondents” own assessments of journey distances and length. The
study concludes with a number of practical implications for a more accurate and realistic basis for
valuation in recreation demand studies and other travel-based techniques.

Key words: recreation demand, on-site

Introduction

Nature-based recreation represents an integral part of leisure-time activities in the Czech Republic the
share of which has been rising since 1990s. Simultaneously, recreation is an important factor of
exploiting ecosystem services. With growing pressure on the use of natural areas for recreation,
where particularly protected areas - national parks of the Czech Republic - are yearly visited by
hundreds thousand to millions recreationists, the urge for research of recreation behaviour of visitors
and its motives arises.

Recreation demand results are, mainly in the US and western Europe, commonly used for
decisionmaking about management of the site concerning future evolution of the site in terms of the
width of the area accessible to the visitors, enhancing the environmental qualities of the site and
equipping the site with paths or benches, or optimalisation of the visitation and setting entrance fees.
The TCM estimates are also often used as a basis for cost-benefit analyses (CBA, e.g. Becker et al.,
2010). In the Central Europe and the Czech Republic, the application of the results into the practice
has also become important, and the focus on the precision of the estimates is therefore essential.

All of the recreation demand model specifications, nonetheless, rely fundamentally on the ,price”
(travel cost) definition, which enables to link the recreation use of the site to utility derived from the
visit in terms of money. There is no consensus on the components of total travel cost (Birol et al.,
2008), which vary among researchers, as well as their definition. This may, nonetheless, have very
important effect on the estimated recreation value, which is the main output for decisionmaking
(Moons et al., 2001).

Our aim is to assess whether there is significant difference among particular subjectively perceived
and objectively determined components of the total travel costs. As the behaviour and individual
decisions of individuals about whether to visit the recreation site at all, which site to choose for
recreation and how many trips to make to each of the sites, depend rather on subjective perception
of the distance and cost, the recreation demand theory supports using subjective measures of travel
cost. However, more frequent in the past research is the use of objective (GIS-based) measures. It is
then very important to know which (if any) means of GIS definition leads to travel distance and time
estimates that are similar to subjectively perceived; and on the other hand, whether the subjectively
stated measures are reliable.

Data description

The analysis is based on an on-site survey in the central part of Sumava National Park, which took
part from May to October 2014 (covering both summer recreation peak and off-season periods). The
data collection techniques included face-to-face interviews at the site and not assisted data collection
at several information points.
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To model the recreation demand for Sumava National Park, socio-demographic information on the
recreationists and characteristics of their trip to the site have been collected. Table 1 describes the
variables used within the recreation demand analysis.

Tab. 1: Definition of variables

Variable Definition Unit
Visits No. of visits made by the !’espondent i.n prgv!ous 12 months, isits
excluding winter recreation visits
Hiking Main activity of the respondent is hiking (O=no, 1=yes) binary
Nights No. of nights spent at the site nights
Group_no No. of people travelling with the respondent persons
Hotel Accomodation in hotel or guest houst (0=no, 1=yes) binary
Relatives Accomodation at relatives /friends” house (0=no, 1=yes) binary
Room Accomodation in rented room/appartment/lodge (0=no, 1=yes) binary
Camp Accomodation in a camp/tent (0=no, 1=yes) binary
Sex Male=0, female=1 binary
Income Net monthly income of the respondent thousands CZK

Age Age of the respondent years
Outdoor Not-assisted data collection=0,outdoor face-to-face data collection=1 binary

Table 2 defines various travel cost specifications that have been commonly used to model recreation
demand so far: subjectively stated costs, and four specifications of computed travel costs (based on
centroid of the region; precise location of the start and end of the journey; shortest path; and euclidean
distance — straight line).
GIS data for modelling the travel cost has been collected from Czech Office for Surveying, Mapping
and Cadastre, Nature Conservation Agency of the Czech Republic, Road and Motorway Directorate of
the Czech Republic and Sumava National Park. In the analysis, we combined the GIS data with the
use of route planner www.mapy.cz.
All travel cost specification are defined per person, as a sum of direct and time costs to get to and
from the site. Accordingly to latest research (Czaikowski et al., 2012; Mitrica et al.,, 2013), the
opportunity cost of time is set in all cases as 33% of the recreationist’s hourly wage rate.

Tab. 2: Travel cost specifications

Cost variable

Direct cost of transport

Opportunity cost of travelling time

Length

Per km rate

Travel time

Opportunity cost

Cost_perceived

Cost_obj1

Cost_obj2

Cost_obj3

Cost_obj4

Stated

Mapy.cz fastest route, using
center of the part of municipality

Mapy.cz fastest route, using
municipality center

GIS - euclidean distance using
municipality center

GIS - euclidean distance using
Sumava NP polygon

Calculated using
stated total direct cost

2.51 (survey mean)

Stated

Mapy.cz, fastest route

Calculated using mean
survey speed from
mapy.cz (74 km/h)

33% wage rate

Out of the total 505 questionnaires collected in Sumava National Park, only 240 observations exhibit
no missing values in some of the explanatory variables used within the estimation and are employed
in the analysis. The descriptive statistics of the sample are depicted in Table 3.
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Respondents make on average 2 visits to Sumava National Park per 12 months, ranging from 1
(present) visit to 20 visits.

Tab. 3: Descriptive statistics of the sample (N=240)

Variable Mean Std. dev. Min Max
Visits 2.01 2.50 1 20
Cost_perceived 654.4 344.7 86 1 865.7
Cost_obj1 643 331.4 78.1 1.891.1
Cost_obj2 640.5 331.5 74.2 1.891.1
Cost_obj3 480.9 254.1 0 1 455.5
Cost_obj4 444 .4 247.9 0 1.399.1
Hiking 0.67 0.47 0 1
Nights 5.39 2,97 0 15
Group_no 3.84 3.56 1 31
Hotel 0.55 0.5 0 1
Relatives 0.07 0.26 0 1
Room 0.17 0.38 0 1
Camp 0.11 0.31 0 1
Sex 0.45 0.5 0 1
Income 18.99 6.95 6.46 30.55
Age 41.64 12.92 15 74
Outdoor 0.57 0.50 0 1

The distribution of the variables measuring travel costs as perceived and using fastest route
(Cost_obj1 and Cost_obj2) is very similar; however, the use of simplified euclidean distance (straight
line; Cost_obj3 and Cost_obj4) yields apparently lower travel costs than those stated by the
respondents. On the other hand, there still exist a significant strong positive correlation among each
two pairs of cost measures (Pearson correlation coefficients ranging from 0.78 to 0.99 are all
statistically significant at a=0.01). Apparently, the closest to the magnitude of the costs which the
respondents take as relevant in their recreation decisions is the Cost_obj1 specification, which is in
line with the results of Zawacki and Marsinko (1999).

The difference among perceived and objective travel cost measures is, however, not caused by wrong
estimation of the length or time duration of the journey by respondents, which is the main concern of
demand analysts due to which perceived cost have been so rarely used in recreation demand
analyses. Each of these travel cost components is highly correlated between the perceived
specification and the objective specifications (Pearson correlation coefficient from 0.79 to 0.93), which
means that the objections to the use of perceived costs as unreliable due to rounding errors,
simplification of the real distance by the respondents etc., are not justified. As opposed to previous
findings (Moons et al., 2001), in our dataset there is no evidence that the error of respondents in
stating the true distance or time compared to the most precise objective measure used in Cost_obj1,
would change with the length of the journey or familiarity with the site, and does not relate to the socio-
demographic variables either (based on regression estimation).

The true cause of the differences between perceived and objective travel cost measures is thecost per
km per person (correlation 0.51-0.54), which has a large variability as perceived (in fact, reflecting the
real fuel consumption of the respective car, and the number of people that share the cost of fuel in
each car), while the objective measures rely on a constant per km rate, and a constant average no. of
people in the car, not allowing for the variations among journeys of each respondent.
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Methods and estimation results

To model the recreation demand and inspect the sensitivity of the consumer surplus with respect to
the specification of the travel cost variable, we employ a single-site individual travel cost model (Haab
and McConnell 2002, Parsons 2003). In this demand model, the quantity demanded by the
recreationist is represented by the number of trips done to the recreation site within last year, while the
price of the visit is given by different definitions of travel costs. For each travel cost definition, a
different recreation demand functions is estimated, using a common set of other explanatory variables
describing the trip, the recreationist and type of data collection.

The estimation is based on truncated stratified negative binomial model estimated by maximum
likelihood (Hilbe and Martinez-Espineira, 2005), which accounts for the specific nature of the
dependent variable (nonnegative integer; on-site data collection problems such as truncation,
overdispersion and endogenous stratification). The results are shown in Table 4.

Tab. 4: Recreation demand estimates

. Model 1 Model 2 Model 3 Model 4 Model 5
X;:;;Ie Cost_perceived Cost_obj1 Cost_obj2 Cost_obj3 Cost_obj4
Parameter Std. Err. |Parameter Std. Err. |Parameter Std. Err. |Parameter Std. Err. |Parameter Std. Err.
Cost -0.002**  0.000 | -0.003** 0.000 | -0.003*** 0.000 | -0.003** 0.001 | -0.003**  0.001
Hiking -0.632**  0.228 | -0.501* 0.223 | -0.488** 0.223 | -0.586** 0.226 | -0.540*  0.226
Nights 0.060* 0.034 0.054 0.033 0.054 0.033 0.048 0.034 0.051 0.034
Group_no -0.030 0.029 -0.030 0.029 -0.030 0.029 -0.029 0.029 -0.025 0.029
Hotel -1.922  0.302 | -2.169** 0.299 | -2.149* 0.297 | -2.003** 0.299 | -2.043**  0.301
Relatives -1.165"* 0433 [ -1.197* 0423 | -1.198* 0422 | -1.117* 0431 -1.021* 0434
Room -2.265**  0.383 | -2.568*** 0.383 | -2.563**  0.381 -2.424» 0384 | -2.467* 0.386
Camp -1.069*  0.374 | -1.280** 0.369 | -1.249~ 0366 | -1.197 0.373 | -1.222*  0.375
Sex -0.461* 0.226 -0.434* 0.223 -0.436* 0.222 -0.469*  0.225 | -0473*  0.226
Income -0.001 0.017 0.011 0.017 0.011 0.017 0.003 0.017 0.000 0.017
Age -0.002 0.009 0.001 0.008 0.002 0.008 0.001 0.009 0.001 0.009
Outdoor -0.231 0.241 -0.298 0.238 -0.306 0.237 -0.302 0.241 -0.291 0.241
Constant 1.507 1.993 2.100* 1.124 2.125* 1.093 1.846 1.444 1.756 1.475
Alpha 7.21% 1.20** 3140 4.86** 5.08***
N 250 250 250 250 250
Log-likelihood -264.55 -259.51 -259.39 -262.08 -261.37
Wald chi2 105+ 11471 115.47** 110.41* 111.16™
Pseudo R2 0.210 0.225 0.225 0.217 0.219
AlC 2.31 227 227 2.29 2.29
BIC -1244 .11 -1244 .11 -1244 11 -1244 .11 -1244.11

Statistical significance of parameters: *** a=0.01; ** a=0.05; * a=0.1

In all models, the cost variable is statistically significant at a=0.01 and works in the expected direction,
irrespective of its precise definition. All models exhibit almost identical fit statistics and the likelihood
ratio test (not shown in Table 4) shows no significant difference in performance of the models. Also,
the use of any of travel cost specification does not alter the effects of any other explanatory variable
on the predicted number of trips to Sumava National Park. We may observe that hikers make fewer
trips to the site than cyclists and other recreationists; the same holds for people stay in hotels and
guesthouses, at their friends or relatives houses, rent a room or stay in a camp. Women visit Sumava
national park less often per year than men; nonetheless, the rest of socio-demographic variables is not
statistically significant even at a=0.1, which means that visit frequency does not depend on income nor
age. The demand for visits also does not change for the two subsamples of data based on different
data collection techniques.

Table 5 lists the estimates of welfare associated with 1 visit to Sumava National Park based on
different cost specifications. The point estimates of consumer surplus vary by more than 100 CZK per
visit, exhibiting a downward bias related to the level of simplification of the travel cost variable.
However, all 95% confidence intervals of the objective estimates of costs contain the point estimate of
CS/visit using perceived costs model.
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Tab. 5: Consumer surplus estimates (in CZK 2014)

Welfare measure/ Model 1 Model 2 Model 3 Model 4 Model 5
Cost specification Cost_perceived Cost_obj1 Cost_obj2 Cost_obj3 Cost_obj4
CS/visit 439.5 386.2 384.8 314.8 303.7
95%  Lower bound 322.6 293 292 234.7 227.6
Conf. Int. ypper bound 689.4 566.4 564.3 477.9 456.2

The results show that when applying simplified travel cost measures instead of theoretically relevant
perceived cost, care must be taken to report not only the point estimate (which is or may be biased
downwards), but also the distribution of the estimate. Further, when implementing the welfare
measures based on simplified travel cost estimation into cost-benefit analysis, it is essential to do a
sensitivity analysis of the CBA results to recreation welfare estimates (for example using the 95%
confidence intervals).

Conclusion

The Sumava National Park is a large-sized recreational area (compared to other areas in the Czech
Republic), to which many visitors come from a long distance (205 km on average) from large
municipalities (51% from regional capitals, 28% from Prague). Despite of these facts, the perceptions
of recreationists concerning the travel distance and time are very close to the reality and thus may be
considered reliable. That enables to rely on perceived travel costs, which are supported by the
recreation demand theory, also in practical analyses of recreation demand in the Czech Republic.

The recreation welfare associated with 1 visit to Sumava National Park is estimated at 439.5 CZK
using perceived travel cost, and at 386.2 CZK using the most precise measure of objective travel cost.
The use of simplified travel cost based on euclidean distance underestimates the true distance to the
site. However, the definition of travel cost variable does not affect the fit of the recreation demand
model or the stability of the effect of the other recreation demand determinants. In case a simplified
travel cost measure based on euclidean distance is used, the point estimate of the recreation welfare
is lower by more than 100 CZK per visit. Nonetheless, the divergence is not so dramatical as in
previous studies (e. g. Moons et al., 2001). The recommendation for further analyses in the Czech
Republic is that when using euclidean distance, not only the point estimate of recreation utility should
be reported and further employed in cost-benefit analysis, but also the distribudion of the estimate.
This enables to do a sensitivity analysis of the CBA results to recreation welfare estimates — our study
shows that the confidence intervals already contain the point estimate of the model estimated using
theoretically sound perceived travel costs.
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Souhrn

Clanek predstavuje vysledky analyzy rekreaéni poptavky v narodnim parku Sumava, véetné citlivostni
analyzy vzhledem ke zpUsobu definovani cestovnich nakladl (stinové ceny rekreace v narodnim
parku). Z porovnani vnimanych a nékolika druh( objektivné stanovenych cestovnich nakladd vyplyva,
ze zjednoduSeni vypoctu objektivnich cestovnich nakladl vede knizSim bodovym odhadim
rekreaéniho uzitku spojeného s navstévou narodniho parku Sumava. Pokud je v&ak pfi dalsim vyuZiti
takto vypocteného rekreaéniho uzitku v analyze nakladd a uzitku zahrnut intervalovy odhad, nemusi
mit toto zjednodus$eni nijak dramaticky dopad na zaveéry, které z analyzy naklada a uzitku vyplyvaji.
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Ing. Katefina Kaprova
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PROPOSAL OF ,METHODOLOGY FOR IDENTIFICATION AND ASSESSMENT OF THREAT
HAZARD TO NATURAL COMMUNITIES OF CULTURAL MONUMENTS “

Petr Kupec, Jan Deutscher, Monika Veli¢kova
Department of Landscape Management, Faculty of Forestry and Wood Technology,
Mendel University in Brno, Zemédélska 3, 613 00 Brno, Czech Republic

Abstract

The paper introduces a methodology focused on the assessment of threat hazard to the vegetation of
cultural monuments, parks and gardens. It has been designed as a part of the results obtained during
the elaboration of a research task named ,The identification and assessment of threat hazard on
natural communities of cultural monuments® guaranteed by the Ministry of Culture CR. The
methodology assesses the state and possible hazards to trees and shrubs in the natural communities
of cultural monuments. It works with a simplified parameterization of potential development of
assessed biotopes. A part of it is also a recommended areal differentiation for the purposes of the use
of the methodology.

Key words: risk assessment, natural communities of cultural monuments, potential development of
natural communities

Introduction

Presented paper concludes a part of the results obtained during the elaboration of a research task
named ,The identification and assessment of threat hazard to natural communities of cultural
monuments® focused on the formulation of a methodology for risk assessment of vegetation of cultural
monuments, parks and gardens. The task has been elaborated within the project of Ministry of Culture
of the Czech Republic (MC CR) under the category Applied research and development of national and
cultural identity (NAKI) named “Identification of important areas with cultural and historical values
threatened by natural and anthropogenic influences”. The basic parameters when designing the
methodology were: simplicity, easy application, relative generality and the combination of standardized
approaches to woody vegetation assessment.

Materials and methods

The proposed methodology is focused on the risk assessment to the vegetation of cultural
monuments. More precisely, it deals with the evaluation of shrubs and trees and the threat hazard to
the fulfillment of their expected function, as important aesthetic and landscape features. The evaluated
parameters and their combination was chosen and drafted in a way to best mirror and maintain the
velocity and dynamics of the environment rather than simple conservation of the current state. In other
words, special importance is given to the perspective of the future development and its long-term
sustenance in accord with the leading idea of the cultural elements’ composition, rather than to the
evaluation of the current state of the vegetation as it is.

The evaluation was proposed in following parameters:

A) Age structure of trees

1 — Individuals with expected lifespan of 30 years and more are predominant

2 — Individuals with expected lifespan of 10 - 30 years are predominant

3 - Individuals with expected lifespan under 10 years are predominant

90% of individuals on the locality are considered predominant.

This parameter delimitates the expected lifespan of individual trees in the evaluated segment
according solely to their physical vitality. No attention is paid to their health status as that is addressed
in the next parameter. This parameter indicates the relationship of trees between their age and
potential lifetime, resp. physical vitality (the ability to regularly grow and fruit). The parameter scale
matches the resulting classification of threat hazard to vegetation stated in the Results.

B) The health status of trees

1 — Healthy or individuals with first symptoms of damage are predominant

2 — Individuals with little to medium symptoms of damage are predominant

3 — Dying or individuals with severe symptoms of damage are predominant

This parameter indicates the health status of trees in the evaluated segment. It is diagnosed mainly as
the ocular damage such as defoliation, the incidence of disease fungi and pests, irreversible damage
by game. It is based on current methods of forest health assessment by ICP Forest (Strnady, 2007 —
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modified for the purposes of this methodology). The evaluation is carried out according to the number
damaged trees in the segment, which indicates the total damage of the segment according to Table 1.

Tab. 1: The tree health status evaluation - simplified

Tree damage Total segment damage
Damage (defoliation) Max. % damaged trees
Health
status
% Characteristics 0-10 | 11-30 | 31-50 50+

do - 30 healthy to little damaged 1 100 20

31-50 little to medium damaged 2 32 5

51-100 severe damaged to dying 3 84+ 30+

Zdroj: Vyskot,l.: Kvantifikace a hodnoceni funkci lest Ceské republiky. [S.n.]: Nakladatelstvi 131
Margaret, 2003. 168 s. ISBN 80-900242-1-1, modified.

The parameter scale matches the resulting classification of threat hazard to vegetation stated in the
Results.

C) The amount of tree individuals (species) on the border of their ecological optimum

1—up to 10%

2 — between 11 - 30%

3 — more than 30%

This parameter indicates the relationship between current vegetation and the natural conditions of the
site. It is a relative parameter which main purpose is to evaluate the potential resilience of trees to the
stress factors of the environment based on the premise, that the closer the individual (species) is to its
ecological optimum, the more resilient it is. The ecological optimum should be understood as such
natural conditions where the assessed species prospers due to its natural adaptive mechanisms. For
the evaluation of ecological optimum in the conditions of CR it is possible to use for example Bucek
and Lacina (1999). When evaluating the ecological optimum of introduced and exotic species, it is
needed to proceed individually, or consult expert authorities. For simplification, if the introduced
species is located in conditions similar to its original geographic area, for the purposes of this
methodology, those can be considered its ecological optimum. The parameter scale matches the
resulting classification of threat hazard to vegetation stated in the Results.

D) Age structure of shrubs

1 — Individuals with expected lifespan of 30 years and more are predominant

2 — Individuals with expected lifespan of 10 - 30 years are predominant

3 - Individuals with expected lifespan under 10 years are predominant

90% of individuals on the locality are considered predominant.

Similarly to the age structure of trees, this parameter delimitates the expected lifespan of shrubs in the
evaluated segment according solely to their physical vitality with the difference, that it does not
evaluate individuals, rather whole communities (with the exception of solitaire shrubs). No attention is
paid to their health status as that is addressed in the next parameter. This parameter indicates the
relationship between the current age of evaluated shrubs and their potential lifetime, resp. physical
vitality (the ability to regularly grow and fruit). The parameter scale matches the resulting classification
of threat hazard to vegetation stated in the Results.

E) Health status of shrubs

1 — Healthy or individuals with first symptoms of damage are predominant

2 — Individuals with little to medium symptoms of damage are predominant

3 — Dying or individuals with severe symptoms of damage are predominant

This parameter indicates the health status of shrubs in the evaluated segment. Similarly to the
previous parameter, it is mostly evaluated for the whole shrub communities. It is diagnosed mainly as
the ocular damage such as defoliation, the incidence of disease fungi and pests. Own
parameterization was developed for this purpose from the modified tree health status parameterization
as shown in table 2.
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Tab. 2: Shrub health status evaluation - simplified

Total segment damage
Individual damage
Max. % damaged shrubs
Health
status
% Characteristics 0-30 31-50 51-100
do - 30 Healthy or little damaged 1 100
31-50 Little to medium damaged 2 20 10
51-100 Severe damaged to dying 3 90+

The parameter scale matches the resulting classification of threat hazard to vegetation stated in the
Results.

F) The amount of shrubs (species) on the border of their ecological optimum

1—-upto 10%

2 — between 11 - 30%

3 - more than 30%

This parameter works the same as in the case of trees, it indicates the relationship between current
vegetation and the natural conditions of the site. It is again a relative parameter which main purpose is
to evaluate the potential resilience of shrubs to the stress factors of the environment. Even for the
shrubs species, for the evaluation of ecological optimum in the conditions of CR it is possible to use
for example Bucek and Lacina (1999). The parameter scale matches the resulting classification of
threat hazard to vegetation stated in the Results.

The resulting classification of threat hazard to vegetation:

1 — low — low degree of threat hazard of given locality. The current state of vegetation matches the
natural conditions is stabilized, with no need for treatment of improvement. In 30 years the need for
treatment should be expected.

2 — medium - medium degree of threat hazard of given locality. Critical phenomena occur on the
locality leading to serious threat hazard with the potential for a rapid disturbance of the current state.
In 10 years the need for treatment should be expected.

2 — high — critical state, the danger of irreversible damage, degradation and devaluation. Treatment
needed as soon as possible, maximum within 2 years.

Results

Since the above chapter introduces the methodology for identification and assessment of threat
hazard to the natural communities of cultural monuments in its basic form, the following chapter deals
with its application in the field. The first task that has to be dealt with during the evaluation is to choose
proper sampling size of the vegetation. The defining criterion in this case is the total area of the locality
and its homogeneity. The total area is considered the whole planar acreage. The homogeneity is
considered the variations in age structure, species composition and spatial distribution of vegetation.
For the purposes of this methodology, segments of trees within 20 years of age difference and shrubs
of 5 years of age difference can be considered as age homogeneous. The occurrence of similar
species or ecologically corresponding vegetation formations of up to 5 different species in one
segment can be considered as homogenous. Stands with similar height of the main canopy level, or
similar structure and height in different canopy levels can be considered as spatially homogenous.
Following these criteria, it is possible to carry out locality-wide evaluation on well selected transects
(linear representative areas 20m wide) or on well selected sampling sites (sites or individuals reaching
at least 10% of a homogeneous segment). The evaluation can be carried out either locality-wide or on
well selected segments. The segmentation can be realized again by the criteria of acreage and
homogeneity in a way that following installation of sampling sites within a segment is optimized. It can
be stated, that there is no universal recommendation for the use of either locality-wide, transect or
sampling site evaluation. However, based on the experience gained during field applications of this
methodology, following scheme can be used (Table 3). A simplified approach to the evaluation is
shown in Table 4.
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Tab. 3: A simple scheme for the differentiation of assessed localities

Acreage. up to 1 ha 1ha—5ha more than 5
Homogeneity ha
Age, species, spatial Sampling site Transect Set of
' ' transects
In two parameters one of which is Set of Set c.)f
Transect sampling
age transects .
sites
Set of Set of
Other cases Locality-wide ; . sampling
sampling sites sites

Tab. 4: A simplified approach to the assessment and identification of threat hazard to natural

communities of cultural monuments

Tree vegetation

C) The amount of tree
individuals (species) on
Degree | A) Age structure of trees B) Health status of trees the border of their
ecological optimum
Individuals with expected | Healthy or individuals with first
1 lifespan of 30 years and more | symptoms of damage are|up to10%
are predominant predominant
Individuals with expected | Individuals with little to medium
2 lifespan of 10 - 30 years are |symptoms of damage are|11-30%
predominant predominant
Individuals with expected | Dying or individuals with severe
3 lifespan under 10 vyears are|symptoms of damage are|30% and more
predominant predominant

Shrub vegetation

F) The amount of shrubs
(species) on the border

Degree

D) Age structure of shrubs

E) Health status of shrubs

of their ecological
optimum
Individuals with expected | Healthy or individuals with first
1 lifespan of 30 years and more | symptoms of damage are|upto10%
are predominant predominant
Individuals with expected | Individuals with little to medium
2 lifespan of 10 - 30 years are |symptoms of damage are|11-30%
predominant predominant
Individuals with expected | Dying or individuals with severe
3 lifespan under 10 vyears are|symptoms of damage are|30% and more
predominant predominant
Degree | Resulting classification of threat hazard to vegetation:
1 Low (In 30 years the need for treatment should be expected)
2 Medium (In 10 years the need for treatment should be expected)
3 High (Treatment needed as soon as possible, maximum within 2 years)
Conclusion

Presented paper concludes a part of the results obtained during the elaboration of a research task
named ,The identification and assessment of threat hazard to natural communities of cultural
monuments“ focused on the formulation of a methodology for risk assessment of vegetation of cultural
monuments, parks and gardens. The task has been elaborated within the project of Ministry of Culture
of the Czech Republic (MC CR) under the category Applied research and development of national and
cultural identity (NAKI) named “Identification of important areas with cultural and historical values
threatened by natural and anthropogenic influences”. The basic parameters when designing the
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methodology were: simplicity, easy application, relative generality and the combination of standardized
approaches to woody vegetation assessment. The methodology is divided into the assessment of the
current state and of threat hazard to trees and shrubs in natural communities of cultural monuments.
Its integral part is a recommended differentiation of types of assessment according the total acreage
and the homogeneity of the locality. Up to 2014, its verification was carried out on 7 cultural
monuments in total. The results of this verification are not the subject of this paper, rather they are
presented in a different paper on this very conference due to the writing space limitations.
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Souhrn

Pfedkladany ¢lanek shrnuje ¢ast vysledkl feSeni diléiho vyzkumného ukolu s nazvem " Hodnoceni
stavu a identifikace rizik pFirodnich spoleenstev kulturnich pamatek" zaméfenou na formulaci
metodiky na hodnoceni ohroZeni vegetace pamatek, parkd a zahrad. Ukol byl feSen v ramci projektu
Ministerstva kultury kategorie NAKI s nazvem "ldentifikace vyznamnych Gzemi s kulturné historickymi
hodnotami ohroZenych pfirodnimi a antropogennimi vlivy. Pfi koncipovani metodiky byly zakladnimi
pozadavky: jednoduchost, snadna aplikovatelnost, relativni obecnost a kombinace pokud mozno
standardizovanych postupl hodnoceni dfevinné vegetace. Metodika je rozdélena na Setfeni stavu a
rizik stromové a kefové Casti spoleCenstev kulturnich pamatek. Jeji soucasti je rovnéz doporucena
diferenciace typt hodnoceni Uzemi dle jeho rozlohy a homogenity. Do roku konce roku 2014 byla
provedena jeji verifikace na sedmi kulturnich pamatkach. Vysledky verifikace nejsou pfedmétem
tohoto ¢lanku, nicméné jsou z divodu omezeni rozsahu prispévku prezentovany v jiném pFispévku na
této konferenci.
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PROTECTION OF RECREATIONAL AREA OSADA WITH USING ACTIVE ANTIABRASIVE
STABILIZATION OF BANKS
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Abstract

The paper deals with problems of abrasive cabins of Brno dam reservoir in Osada area, in relation of
recreology. Brno dam reservoir is attractive area for a wide range, not only for residents of Brno.
People are visiting this area throughout the whole year with varying intensity. Most tourists will come
here mainly during the summer, but in spring and fall too. Osada area is lined by a number of
cottages along the coast. The cottages are the most vulnerable to shoreline erosion. There arise
several meters high cabins that must be stabilized to prevent further erosion of soil into the reservoir
and thus reduce the risk to the cottages built close to the shore. One possible solution is to use an
active anti-abrasive protection.

Key words: bank erosion, cabins, protection, cottage, recreology.

Introduction

Abrasion or shore erosion is a natural phenomenon occurring on a number of water reservoirs. This
state is very good observable especially on the coast of seas and oceans.

Abrasion is a process that can be described as surface abrasion of bottom and banks by the
movement of the water level (waving) associated with transporting and storing loose material. Due to
this process may cause abrasion cabins; loose material is transported into the reservoir. This situation
is undesirable (Slezingr, 2011).

Development of bank erosion is conditioned by several factors: the movement of the water level and
the material forming the reservoir shore. The movement of water levels may be caused by the
movement of vessels or by wind (wawe growth is closely related to the fetch length - Pelikan, 2013).
The problem of wind-driven waves was investigated by many scientists worldwide, e.g.: Phillips and
Miles (1957), and Lukac and Abaffy (1972, 1980). The Czech scientists due to wave in their works
dealt with e.g.: Kratochvil (1987), Slezingr (2004, 2007, 2011) and Pelikan (2013).

In case of Brno dam reservoir the process of bank erosion is most noticeable in the area Osada. The
others parts of reservoir do not show such damage to the banks (the influence of geological conditions
and the impact of bank stabilization carried out in the past). The suburban area is popular with a wide
range of tourists, various visitors due to nearby cities and good accessibility (infrastructure).

Materials and methods

Whole area of Brno dam reservoir is a quite attractive place for inhabitants of the Brno city and other
nearby settlements. There is a very good access to public transport, car, bike or walk. Visit rate of
entice reservoir area is all year.

Osada area — investigate area is situated along the left bank of Brno dam reservoir. This area is the
most affected by abrasion. The high of abrasive cabin reaches 6 m. This area is frequently visited by
tourists. There are a many places for stay (private cottages, restaurants), places for sport and
recreation activities. Many of them are located in close to the shoreline affected by abrasion. The
further gradual development of abrasion may endanger these objects. Another danger can be humans
life-threatening.

In the summer months is possible to see the visitors walking at the edge of the shore. There is risk of
breaking the shore and it's slide down into the reservoir. In the winter months the water level in
reservoir is lowered; shore zone is shifted into the reservoir. There arise beaches, which are used for
walking (see Fig 1 and Fig 2). Even in this case exist the danger of a landslide the walls of abrasive
cabin.

For Osada area is proclaimed ban on construction because of kingfisher protection which nest in
cavities perpendicular shore walls. We decided to apply there the active anti-abrasive protection of
shore in our research. It's should reduce the erosive effect of the waves. Within the research project
“Active anti-abrasion structures” there were proposed and implemented types of active protection of
banks.

-192 -



Fig. 1: Walking visitors in Brno dam Fig. 2: Man with his child under
reservoir abrasion cabin

Results
The bank of reservoir in area Osada is composed by well washed out soils prone to erosion.
Furthemore, the ban on construction there doesn’t build any measures that would result in intervention
to shore. It would be disturbed habitat for kingfisher nesting.

In the past there have been implemented features that should protect the shore — breakwater of willow
stand, double wattle fence (see Fig. 3). Within the research project there were created next protective
features: gabions, single row wattle fence and palisade of stakes.

The willow stand there was planted nearly 10 years ago. The stand has in term of protecting of
banks, function of the breakwater. From the observation and analysis of samples is obvious that the
fine eroded material is settled there.

Double wattle fence — It's wattle fence made of willow stakes with interlocking willow branches and fill
up by gravel (local material). Because this fence didn’'t reach the water level, was modified in year
2013 - has been extended and increased. Today the fence has form of geminate double wattle fence.
Gabions, single row wattle fence and palisade — all these features are newly constructed. All
features achieves water level due to reduction energy of water level waving (See Fig. 4 and Fig. 5).
This year (2015) will be done measurement on all these (new and old) anti-abrasive features. The
measurement will be done with using wavemeters that should capture if these protective features
really dampen wave energy.

Lri

wattle fence
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Fig. 4: Gabion Fig. 5: Palisade

Discussion

Abrasion in the framework of Brno dam reservoir is manifested especially from spring to fall, In time
when the water level is maintained at a certain level. Before the onset of winter, the water level is
reduced. At this time the abrasion process is interrupted because the water level is below the level of
the eroded bank.

The current active anti-abrasive features of bank protection should dampen energy of waving water
level. All measures were proposed at the height of the water level in reservoir (in summer months) and
built parallel to the shoreline. The planned research should confirm the reduction of wave energy. For
better efficiency the measures could be increased beyond the water level.

Implemented anti-abrasive measures don’t stop bank erosion, but rather slows. We assume a gradual
clogging of the area behind the anti-abrasive feature by material from bank. This can prevent to
clogging of eroded material directly into the reservoir.

Conclusion

Brno dam reservoir is attractive area for tourists throughout all year. One of the well-attended area is
Osada area that is situated along the left bank of reservoir. This area is notable for development of
bank erosion. It's seen there in form of up to 6 m high cabins which are not stabilized. The ongoing
process of abrasion threatens buildings near the damaged shoreline — cottages, restaurants, roads
and even the health and lives of visitors.

Because of ban on construction (such as habitat protection of kingfisher) there is not possible to
interfered into bank or changed it. In the research are proposed and built different types of active anti-
abrasive protection (breakwater from willow stand, wattle fences, gabions and palisade) which should
slows the process of bank erosion. The effectiveness of individual elements is under investigation.
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Souhrn

Vodni dilo Brno je turisticky atraktivni oblasti a to po cely rok. Jednou z hojné navstévovanych oblasti
je i oblast Osada nachazejici se na levém bfehu nadrze. Tato oblast je vyznaéna rozvojem bfehové
abraze. Ta se zde projevuje v podobé az 6 m vysokych srubl, které nejsou nijak stabilizovany.
Pokracujici proces abraze ohrozuje stavby v blizkosti poSkozeného bfehu — chaty, restaurace,
komunikace a dokonce i zdravi &i Zivoty navstévnika.

Kvlli stavebni uzavére (jako ochrana biotopu lednacka fi¢niho), zde neni mozné do bfehu nijak
zasahovat a ménit ho. V ramci vyzkumu jsou v této oblasti navrzeny a vybudovany riizné typy aktivni
protiabrazni ochrany (vinolam v podobé porostu vrb, zapletové plltky, gabionové kose, palisada z

kGlG), ktera by méla proces biehové eroze zpomalit. Uginnost jednotlivych prvkd je pfedmétem
zkoumani.
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RAINWATER MANAGEMENT AND RECREATION IN MAINLY AGRICULTURAL LANDSCAPE
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" Department of Landscape Management, Faculty of Forestry and Wood Technology, Mendel
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Abstract

The goals of article are economical and ecological ways management with rainwater in mainly
agricultural landscape and their relationship with recreation and outdoor activities. Recreation
associated with outdoor activities of this type requires revival landscape by water feature (small water
stream, small water reservoir, wetland) which create small oases calm in landscape and they are
situated in islands of green stands equipped by benches, tables or open shelter — gazebos, racks for
bikes, crossbars for tethering horses — everything should be located on grasses places that are
surrounded by higher trees providing shade. The next very important feature is planting of trees along
the streams, on banks of small water reservoirs and agricultural roads. It's necessary restoration of
small water streams draining rainwater, and their integration into the landscape. All this measures
accumulate rainwater, part of rain is infiltrated, enriching resources and manages groundwater level
and subsidize water all the above devices in dry season. Very important elements are wetlands,
reservoirs and others which are important for revival of landscape like refugium necessary for survive
and succession of fauna and flora.

Key words: rainwater, oasis of calm, water regime

Introduction

The current state of rainwater management in mainly agricultural landscape is unsatisfactory. Existing

state of management is rather simple rainwater management consisting mostly of uncontrolled

infiltration of rainwater into the soil, evaporation into the air and runoff remaining rainwater by surface,

hypodermical and subsurface into drainage system, water streams and small water reservoirs. The

coordination of rainwater management in urban, agricultural and forest landscape is missing. It's

necessary to use rainwater in mainly agricultural landscape for recovery landscape and create

conditions for formation of bio-centrums, bio-corridors and recreation too. The recreation in mainly

agricultural landscape has own specifics consisting in the use environment of the agricultural

landscape, a different character from the typical recreational areas. Own solution is largely influenced

by terrain topography, elevation, plant composition, ways of using landscape, network paved rural

roads, layout and size urban areas and so on. The ways of rainwater management in agricultural

landscape can be divided into the following groups:

e Rainwater management on the land (plots) used agricultural crops typical of the region;

e Captation of rainwater surface runoff and using of this water for irrigation consumptive water-
intensive plants, windbreaks, alleys and so on;

o Recovery landscape with new features which are derivative canals, small water streams, small
water reservoirs and wetlands;

e Creating of calm oases in conjunction with small water reservoir, green islands with equipment
for short stays and recreation;

e Proposal of protective anti-erosion measures, measures against high waters and protection of
banks against flowing water and waves;

o Restoration of artificial drainage and irrigation canals, small water reservoirs, small water streams
and wetlands including adjustments to their surroundings;

e Build and integration rural roads and trails in landscape environment including the settlement of
the issue reinforcement and drainage of rainwater from the road surface and their use;

e Creating rainwater supplied protective refuges aquatic animals, aquatic and wetlands plants and
managed wetlands;

I's necessary to solve rainwater management in relation urban, agricultural and forest environment,

mainly higher runoff from urban, agricultural areas respectively lower runoff from forests areas. Own

design must be preceded by detailed meteorological, climatic, hydrological, hydro-pedological

survey; determine ownership; economic, social and history-cultural exploration and so on.
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Materials and methods

The keeping and using main part of rainfall in landscape is the most important task of rainwater
management in agricultural landscape. Surface runoff of rainwater closely related to intensity of rainfall
and intensity of their infiltration into the soil which depends on the soil particle size, structure and
texture of soil, hummus content, soil hydraulic conductivity, timing of infiltration, capacity pores in soil,
high of groundwater level, water capacity in agricultural areas, vegetation cover and others.
Permeability of soils is desirable to increase the appropriate agro-techniques. It's necessary to
improving soil structure, increasing the humus content and increase water capacity of soils. The
shaping of agricultural lands and choice of suitable crop is very effective. The technological discipline
in agro works is very important — it's necessary to restriction passes through the fields by heavy
mechanics, increasing rainwater infiltration, thereby increasing recoverable reserves of groundwater.
Rainwater surface runoff is collected in small streams and reservoirs used for irrigation of alley along
the roads, drains and watercourses. The small water reservoirs are proposed with storage and
retention area which is slowly emptying by bank infiltration and sampling measure for irrigation — see
fig. 1.
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Fig. 1: Small water reservoir with bank infiltration of rainfall water (Scheme - prof. Ing. J. Salek, CSc)

The surrounding of reservoir is grassing and planting by various trees and shrubs which provide shade and
create the necessary environment for recreational wellbeing. There can be small calm oases equipped with
benches, tables with open shelters, bike racks, place for tethering horses and so on. For larger reservoir
are proposed islets which are used for recreation or using as bathing beach. An example arrangement is
shown on Fig. 2. In a flat area are applied small water reservoir of lake type, fed by rainwater — there is
possible allowing fish for recreational purposes like fishing — Fig. 3. Small water reservoir positively affect s
the surrounding vegetation by continuous supply of water, creates a comfortable microclimate and stays in
this modified location is very enjoyable.

The banks is necessary to stabilize against influence of flowing water (rainwater running down the banks,
water that returning after leveling etc. — causes erosion) and against damages caused by water level
waving (wind driven waves, moves of boats — causes abrasion). The stabilization may suggest like
biological or technical, or combination of these both types.

Fig. 2 SmaII water reserv0|rW|th island used to recreatlon Budkov
(Project prof. Ing. V. Tlapak, CSc)
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Fig. 3: Small water reservoir using for recreational fishing (Revitalized derivative canal of river Jihlava in
MaleSovice. (Project prof. Ing. V. Tlapak, CSc.)

Small water reservoir stocked mostly by rainwater has also function biological reservoirs that perennial
cleansing effect of increasing the quality of surface waters.

Revitalization of drainage and irrigation canals is proposed for year-round flow channel or channels where
is possible to ensure the survival of aquatic organisms. Revitalizing measures are proposed in accordance
with CSN 75 2101: 2009. The most important restoration measures on the canals consist mainly in
restoring their basic function — the ability to lead the water, it's segmentation and layout ensuring
continuous flow of water in the channel, increasing rainwater retention in the landscape, improve water
quality in canal, improved landscaping and aesthetic functions drainage channel. Along the channels is
revitalized vegetation, especially herbal level, but also alleys and there is proposed the road — paved, rural
road or cycle path (Fig. 4).

-

Fig. 4: Rural road runalong revital | in Malegovice.
(Project prof. Ing. Vaclav Tlapak, CSc.)

Rural roads run along derivative, drainage or irrigational canals are usually multi-purpose. They are
usually situated on one bank, give access to various part of the channel, small reservoir, allow
connection municipalities outside the main road, creating rest areas that can benefit the citizens of
neighboring municipalities for walks and tourists for recreation. For this reason, it is advisable to
design rural paved roads to be possible use them during all year and in cases less favorable weather
conditions (Fig. 5).
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Fig. 5: Typical cross section by rural road, revitalized drainage canal with vegetation.
(Ing. P. Pelikan)

Results and Discussion

Issues rainwater management and recreation in agricultural landscape can be solved by mutual
agreement. Building a multi-purpose reservoir including design and planting of suitable riparian
vegetation and attractive recreational features do not impair the primary function of reservoir. Similarly
can be designed restoration of water streams — for example: integrate cycle path into own proposal
and if it is possible, connection of exists paths/roads to new designed.

However it's necessary to respect protection of nature and landscape, but also protection of
agricultural production and (in season too) try to combine the needs and requirements of different
groups of all our society.

Conclusion

This article is presented in the spirit of the proposal for possible adjustments in landscape which
should support the natural attractiveness of landscape and if it's possible lead to her minimal
disruption. In a strongly anthropogenically influenced region of central Europe, we must learn to
compromise within a multi-use landscapes. Unable to prefer ways long-term land use that lead to the
collapse of landscape.
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Souhrn

Referat pojednava o vyuziti srazkovych vod soustfedénych ve vodotecich a malych vodnich nadrzich
k rekreanim ucelim v zemédélské krajiné. Poukazuje na zvlastnosti, které je tfeba spinit, aby se
tento zamér mohl piné uskutecnit. V prvni fadé jde o vytvoreni téchto vodnich prvkl v krajiné, jejich
zpristupnéni, ochrana pfed erozi, korozi, zanasenim a velkymi vodami, ale také jejich zaclenéni do
krajiny prostfednictvim zelené.
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RECONSTRUCTION OF THE UNIQUE WATER TROUGH AT HARMANEC AS THE EXAMPLE OF
THE ATTRACTIVENESS

Jifi Junek, Jitka Fialova, Hana Kubickova
" Silva Bohemica, Lesnik, Les, independent journalist
2 Department of Landscape Management, Faculty of Forestry and Wood Technology,
Mendel University in Brno, Zemédélska 3, 613 00 Brno, Czech Republic

Abstract

Our ancestors knew how to help themselves while working in the forest without current results of
science and technology. The power of water was used for skidding from the forest stands with difficult
access mainly in the spring time of sufficient amount of water, as well as for the river floating.

Traffic transport for dry skidding of logs and water flumes for timber skidding were made from the
trees. The last preserved and still functional water flume for timber floating is hidden in the beautiful
Rakytovo valley near Dolny Harmanec in the National Park Velka Fatra. The flume is 2.450 meters
long and was probably built in the 19th century. It was used for floating logs generally in the spring - in
the rich water period. The flume is made entirely of spruce or fir logs. Construction of the flume
consists of a transversal logs, which were used such a foundation bed of the flume and longitudinally
cut logs and side logs were attached to log sideboard. The water flume is trough shaped in the cross
section. Logs were skid to the flume manually or by horses in previous years before the spring floating
and they had to be cut to meter long pieces or chipped. In the period of log floating, there were patrols
along the flume to secure a fluent movement of timber in the flume. Patrols have to move back logs,
which were wedged. Depending on the length of the flume and amount of floating logs, there were
needed 40 to 80 people during the floating period. Daily output was about 150 stacked cubic meters of
floated logs. The flume ended in Harmanec creek, where the logs were caught and taken out by
,hooks” eventually logs continued floating trough Bystrica creek to Banska Bystrica to the former
municipal timber yard ,Zabava“.

In 2000 the flume Rakytovo was declared such a National Cultural Monument. After more than 100
years after the period when was built the construction of the flume, the city Banska Bystrica decided to
make a reconstruction, which was in 2006. The costs of 1.5 millions Slovak crowns were covered by
the project “The development of tourism infrastructure of city Banska Bystrica®, which supported the
European Union, the Slovak Republic and the city of Banské Bystrica.

Acknowledgement also belongs to great effort and skilful hands of staff from Municipal Forests of
Banské Bystrica.

This unique masterpiece of water was presented in its full beauty with logs floating demonstration
during the Forestry Day events held on the 27th of April 2007, and the 25th of April 2008.

Key words: skiding, floating, sapina (rod with metal hook)

Detvan express train on the track between Banska Bystrica and Turianské Teplice weaves a
romantic landscape of forests and rocks on the border between two mountain ranges - Nizké Tatry
and Velka Fatra. Detvan express train passes through two dozen tunnels.

Zvolen’s diesel locomotives - front red "brejlovec”, from back typical orange "orange" - leads without
difficult problems to the highest point of the track - to Cemo$niansky tunnel. In some places, the
tunnels are so close together that neither man really is not enough to perceive the beauty of the steep
canyons that separate them. This is the case of Dolny Harmanec station and a short walk outside
before the station Harmanec - Jaskyna. The express train ride takes between the two tunnels just a
few seconds. The train goes over the bridge, which stands high above sheer canyons. Only few
people notice in this place interesting forestry technical construction at its bottom. Construction which
belongs to the first in line in the hierarchy of means of log transport.

This is last Slovak water flume for logs - rizfia - which runs in Rakytovo valley since the nineteenth
century. Father of woodman Jan Vajs from Dolni Harmanec remembered functional water flume, one
of the last of experts for building a water flume.

In Rakytovo valley, there is still no way to pulling logs. Only a narrow sidewalk wind parallel with water
flume in lush vegetation. The nature is really intact here. Harmanec's foresters from Banskéa Bystrica
forests are really proud on their water flume.

Let’s introduce a few technical data of water flume. Technical data provided Emeritus Directorate of
General of Forests of the Slovak Republic, sp, Banska Bystrica Ing. Michal Stefangik, CSc. A man
who is largely credited with the preservation of this forest rarity. The total length of the preserved
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section is 2.450 m, originally it was 7.000 m. It starts at the end of the valley, at an altitude of 790 m.
Water overcomes slope 280 m to the mouth of the Cierny creek in water flume.

On the construction of the water flume is was used spruce and fir wood, assembled into four to five
meters long portions which were being formed into a trough. The individual parts are put on wooden
bases long 120-140 cm, with a diameter of 20-25 cm. The bottom of the water flume is created by two
or three hand-chipped trunks. Individual parts are attaching by wooden studs to the base. Wooden
studs are made of hard parts of spruce branches. Once, they have even used yew wood. The
advantage of wooden studs was the possibility of rapid removal of damaged parts of the flume. They
have used an ax for repairing of the flume. The main advantage of wooden studs was that evenly
abrasion was together with other parts of the flume. Ablation logs were not trapped, as they would
when were using metal studs.
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Fig. 1: Harmanec’s water 1-‘I_ume - information board (photo by Jifi Junek)

. o T ~
Fig. 2: Harmanec’s water flume - it’s inauguration after reconstruction with support from EU (photo by
Jifi Junek)
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Fig. 3: Harmanec’s water flume ends at the hydroelectric power (photo by Jifi Junek)
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Fig. 4: Harmanec’s water flume in the vaIIey of Rakytovo there are aIso |nformat|on boards and spring
(photo by Jifi Junek)

Fig. 5: Harmanec's water flume Historical hydroelectrlc power by Harmanec’s paper-mill at the
estuary of the water flume (photo by Jifi Junek)

Fig. 6: Harmanec’s water flume. There were used rods W|th metal hooks(sapma) for removing one
metre logs from the water flume (photo by Jifi Junek)

Resurgent forestry tradition is used every spring

Foresters piled up heaps piece of logs along the wooden flume. See flume, if is not broken
somewhere. They prepare rods with metal hooks - sapina. One April morning, foresters meet at the
forest district in Dolny Harmanec and then come to Rakytovo, point of annual floating. It is not part of
their daily work duties, but foresters have an interest in this unique Slovak forestry technical
monument. In the past, there were several flumes in the valley of Slovak forests. Now there is survived
only this one.

At the estuary of Rakytovo - narrow steep valley on the edge of the Velka Fatra - are ready "lumber-
jack breakfast" for foresters, which is hearty breakfast to strengthen and boost in the morning. After it,
foresters prepared logs for floating. Logs are floating in the water flume, if some log has jammed and
barred the way to others, foresters release it. It is accompanied by an impressive geyser of water.
Several foresters remain with the rods with metal hooks at the lower part of water flume and they pull
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out floating meter logs from the water. This requires strength and dexterity. The guys take turn. After a
while they go to fortify and chat with friends who are meeting there on the occasion of floating in the
water flume. Not only local foresters - workers of the Municipal Forests Banska Bystrica with Director
Ing. Blazej Mozucha - care about water flume and organize this event. On this event also come
colleagues from state forests, state administration, conservation, from surrounding urban forests and
former colleagues. Opportunity to come between foresters did not even omit the former mayor of the
city Banska Bystrica Mgr. Peter Gogol immediate superior of the Banska Bystrica foresters, have
came from the headquarters of the Forest of Slovak Republic, sp. He came not only for goulash. He
took sapina rod and went to the valley to help other foresters.

A feast for Harmanec's foresters are sometimes those parts of spring and autumn, when there is lots
of water and it’s possible floating in water flume. It is the best water level which is reaching in two-
thirds of the height of the flume. Before logs floating, foresters must thoroughly inspect and remove
any flaws or damage. Most often it is released sidewall. Just before the logs floating in the water
flume, it is going to dam up the point of estuary to the Cierny creek. The water level rises and there is
a small lake. One metre floating logs float to the surface, where they are pulling out by using rod with
metal hook - sapina. Logs are throwing smoothly to the water flume because of avoiding of the
jamming. There are confronts patrols - varty in the point where will be a stop and displace logs from
water flume. From the lower end of water flume, there are logs shipped off to customers. Originally,
around 1933, logs continued without interruption by Cierny brook into Harmanec's paper-mill or
hereafter by river Bystrica to Banska Bystrica.

If you visit Harmanec’s cave, go for a walk from a nearby building Forestry Administration in
Harmanec. Then go in the way of upstream Cierny brook to the small historic hydroelectric power. In
the vicinity of hydroelectric power starts Rakytovo valley with the water flume at the information board.
Every spring, there is Harmanec’s floating which is carry on in the second half of April. Rakytovo
valley with the water flume already visited several excursions of the Czech foresters.

When you are listening to the pleasant hum of bound water, may be you remember the story from your
childhood on a courageous journey of princess Krasomila and king Miroslav, when they escaped from
their pursuers on a log in the water flume.
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Souhrn

Jiz na8i pfedkové védéli, jak pomoci sami pfi praci v lese, aniz by dosavadni vysledky védy a techniky.
Sila vody byla pouzita pro pfiblizovani z lesnich porostd s obtiznym pfistupem predevsim v jarnim
obdobi, kdy bylo dostate¢né mnozstvi vody. Zafizeni pro suché pfiblizovani klad a vodni skluzavky
pro pfiblizovani klad byly vyrobeny ze stromd. Posledni zachovaly a stale funkéni vodni zlab pro
plaveni dfeva se skryva v krasném udoli nedaleko Rakitovo Dolny Harmanec v Narodnim parku Velka
Fatra. Nahon je 2,450 m dlouhy a byl pravdépodobné postaven v 19. stoleti. Byl pouzit obecné na jare
- vobdobi bohatém na vodu. Zlab je vyroben vyhradné z smrkovych nebo jedlovych kmend.
Konstrukce Zlabu se sklada z prafezovych kulatin. Podle zaznam( byl smyk na nahonu ruéni nebo
pomoci koni. DFivi museli zkratit na metrové kusy nebo nastipat. V zavislosti na délce Zlabu a
mnozstvi plovoucich kulatiny, bylo b&€hem obdobi plaveni potfeba 40-80 lidi. Denni vykon byl 150
metrd krychlovych kulatiny. V dnesni dobé je to velmi atraktivni turisticky cil.
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RECREATIONAL POTENTIAL INCREASE OF THE AREA WITH THE HELP OF SPECIFIED
ELEMENTS OF ATTRACTIVENESS

Hana Kubickova, Jitka Fialova
Department of Landscape Management, Faculty of Forestry and Wood Technology,
Mendel University in Brno, Zemédélska 3, 613 00 Brno, Czech Republic

Abstract

Land consolidation, respectively plan of common facilities does not accept the planning possibility of
parallel recreational use of specific cadastral territory. For this reason, we propose the dividing of
cadastral territory into zones of recreational attractiveness, in which will occur an existing and newly
designed elements of attractiveness. These defined elements of attractiveness followed and are
carried out in accordance with the comprehensive land consolidation, respectively plan of common
facilities. The purpose of design of these elements is especially outline new possibilities of landscape
planning in the field of recreation and recreational use of the area carried out in the context of land
consolidation.

Key words: recreation, land consolidation, landscape planning, cadastral territory

Introduction

Current state of the solution of land consolidation does not reflect adequately the needs of local
residents and tourists for recreational use. According Varous (2013) land consolidation serves as a
tool for the practical implementation of agricultural policies. According to him is meant a deliberate
intervention in the organization of the landscape in order to more sustainable agricultural use.
Pursuant to Act 139/2002 Coll.,, on land consolidation and land offices, as amended, with land
consolidation in the public interest spatially and functionally structure the land, consolidate or split
them and ensures accessibility and utilization of land and settlement of their boundaries so that
to create the conditions for rational management of landowners. In this context, the original plots are
vanishing while new plots are creating to which is organize the ownership rights and related
easements. At the same time land consolidation provide the conditions for improving the quality of life
in rural areas and improve the environment. Results of the land consolidation serve to renewal of
cadastral, but are also the basis for spatial planning. In terms of recreation and recreational planning
must not forget mainly recreational tolerable capacity, which characterizes the possible of recreational
potential of a specific area. Combining of these ideas should lead to the creation of new ways to
interconnect the plan of common facilities and recreational land use.

Materials and methods

The source of inspiration for the implementation of comprehensive land consolidation is in the
following of the recreational use of area may be the implementation of Local biocentre LBC 9b Mocidla
in cadastral territory Mofice. The area belongs to the Land Office Prostéjov. Local biocentre area is
3.0017 ha. It is a wetland with small and large bank, where the palisades were plant and zone were
modeled. The overall scope of measures was based on the current draft of common facilities in
comprehensive land consolidation (CLC) in the cadastral territory Mofice. This newly designed
element as biocentre is representing biota floodplain areas with meadows, forest and wetland. They
also perform the function of publicly accessible green space as an educational area and refugium of
original and people deliberately disseminated biota. The proposed planting will be increased
ecological stability of the territory and improved conditions for the protection of agricultural land
against water and wind erosion. There is given the option of shared use biocentre and people through
the nature trails around biocentre.

A prerequisite for the proposal scale, which is based on dividing the cadastral territory into zones
attractiveness is the primary determination of elements of attractiveness. We divide elements of
attractiveness into two types. Existing elements of attractiveness in the territory or newly defined,
designed elements of attractiveness. On the elements of attractiveness, both existing and newly
designed is viewed from three perspectives - from the natural, cultural and historical perspective.
Based on these aspects we divided elements of attractiveness in the natural elements of
attractiveness, cultural elements of attractiveness and historical elements attractiveness. Each
element is assigned a point value. Specific elements of attractiveness can be incorporated into more
than one category, because we are aware of possible of multi-functional character of the individual
elements.
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Within the natural elements of attractiveness, we focus on vegetation and plant communities which we
evaluate from the perspective of native and alien species composition (forest, solitary, avenue).
Secondly, we look at the cadastral territory or it’s specific part from the view of protected plant species
whose occurrence area is not part of the specially protected area or whether in the territory are found
planted valuable trees and shrubs (also cultural and historical focus).

From the perspective of animal communities we follow representation of protected species and
migratory routes of higher mammals. In terms of rock communities, we monitor quantity and
accessibility of rock formations, such as rocks, rock communities and accompanying rock flora and
fauna, we also monitor the occurrence of caves, vegetation and accompanying fauna and the amount
of sinkholes in the area and the accompanying fauna and flora. We do not forget on the presence of
mines and associated flora and fauna, where is also taken the cultural and historical focus.

From the perspective of aquatic communities we propose to monitor the occurrence and quality of
water features in the landscape (streams, rivers, lakes, reservoirs, wells), whether they are natural,
revitalized, non-revitalized or are unoriginal flow patterns.

Within the natural elements of attractiveness we also monitor the occurrence of significant natural
areas that meet at the same time also the cultural aspect such as national parks, protected landscape
areas, national nature reserves, nature reserves, national nature monuments, natural sites, the Natura
2000 sites (sites of European importance and bird’s sites), areas protected by the Ramsar
Convention, important landscape elements and territorial system of ecological stability found in the
given cadastral territory in the context of measures to protect and improve the environment.

Within the cultural elements of attractiveness, we are observing whether the castles, forts, ruins, forts
and settlement occurrence in the specific cadastral territory. Technical buildings (water and windmills,
ponds, raceways). We also do not ignore the small sacral inventory, such as crosses, calvary, chapel,
where it is evident significant historical attractiveness of the element as well. We also explore verge of
positive / negative events (eg. the battlefield) within the cultural elements of attractiveness.

From the perspective of sports enjoyment, we explore a number of sports grounds and sports
complexes, respectively natural areas for sports, outdoor swimming pool (lakes, quarries) in the
territory. We look about the access for cycling, bridle path, cross-country skiing trails and sidewalks in
the context of arrangements for access to properties in the land consolidation and also their mutual
connection or collision. We also intend on the disclosure territory for seniors, families with strollers and
disabeled people. In this context we focus mainly on the quality of the road surface and special routes
and their difference of heights in the study area, the availability of higher class communication and the
amount of available rest areas. These elements are recorded in the designed tables for exist and
newly designed elements of attractiveness. The background must also be educational function of the
area. We refer to the technical and cultural buildings in the territory of the museum, natural areas and
nature ftrails, mining areas and newly established units (heap dumps, quarries, etc.), tree-lined
avenue, cemeteries.

Elements of attractiveness have multifunctional character in our opinion. So the historical elements of
attractiveness are freely reflected into accordance with cultural elements. We mean castles, forts,
ruins, fortresses, settlement and also archaeological findings. Furthermore, small sacral inventory,
such as crosses, calvary, chapels. Technical buildings (water and windmills, ponds, raceways). Verge
of positive/negative events (eg. the battlefield legend, a miracle, saying murtuary, conciliation stones,
genius loci). Also mining areas, historical formations (heap dumps, quarries, etc.), tree-lined avenue
and cemeteries.

Results

We present a proposal on the table to fill existing or newly designed feature below. It is useful
especially during field reconnaissance surveys within the boundaries of land consolidation, where we
can define the existing elements or to make a preliminary draft of the new elements that could be later
incorporated into the design of a new land consolidation. Existing elements or redefined proposed
elements of attractiveness would be related to a particular parcel.
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Tab 1: Existing element or the newly designed element of attractiveness (adjusted by Muchova,
Hrnciarova and Petrovi¢, 2013)

Existing element of attractiveness/ newly designed element of attractiveness

Official Name

Local Name

Cadastral Territory Parcel Number

Projection to another cadastral
territory Type of holding

Method of use

Characteristics of element of
attractiveness

The current state of the element of

attractiveness
Incorporating of element of Incorporating of element of
attractiveness in nature conservation attractiveness to the natural
(yes-no), the degree of protection characteristics of the
cadastral territory
Incorporating of element of Incorporating of element of
attractiveness to the cultural attractiveness to the
characteristics of the cadastral historical characteristics of
territory the cadastral territory

Their combinations

Negative phenomena influencing
element of attractiveness

Design Measures

landscape-ecological

management

landcape

engineering

Proposals for legal protection and
degree of protection

Discussion

We consider principal means of increasing the recreational potential of the cadastral territory by
defining of existing and newly proposed determination of elements. On the basis of well-defined
elements we can also plan a socio-economic use of a specific territory and raise awareness of the
population about the natural, cultural and historic features appearing in the cadastral territory of the
municipality. For this purpose it will well served locating table for existing and newly designed
elements of attractiveness, which is connected with a specific plot that can be used within a terrain
reconnaissance carried out in complex land consolidation. We will continue with review and revised
where necessary on above-described elements of attractiveness in specific cadastral territories in
order to eliminate systematic errors and to further integration with land consolidation, respectively tie
in measures resulting from the plan of common facilities.

- 207 -



Tab 2: Proposal scoring for natural elements of attractiveness (only part)

NATURAL ELEMENTS OF ATTRACTIVENESS
Vegetation, plant communities
The original species Alien species composition (1
Species composition composition (3 p.) p.)
forest
solitaire
tree-lined avenue
Interesting vegetation yes no
Points 3p. 0 p.
representation of
protected species, but in
a lower number
Points 1p. 0 p.
planted valuable trees,
shrubs (cultural-historical
perspective)

Tab 3: Proposal scoring for the historical elements of attractiveness
HISTORICAL ELEMENTS OF ATTRACTIVENESS
Points 7p. | Op.

Castles, forts, ruins, fortresses, settlement

Archaeological findings

Points 5p. | Op.

Technical buildings: water and windmills, raceways, ponds

Points 3p. | Op.

Small sacral inventory, such as crosses, calvary, chapels

Verge of positive/negative events (e.g. the battlefield
legend, a miracle, saying murtuary, conciliation stones,
genius loci)

Cemeteries

Mining areas and newly established units (heap dumps,
quarries, etc.)

Tree-lined avenue

Conclusion

Linking land consolidation and recreation is still in our conditions unsolved and neglected topic. We
are aware that the current situation of the solutions of land consolidation does not allow concurrently
solving of recreational function of the specified area because of the legal and methodological
arguments. Therefore, we seek above all a new perspective on this issue, which could help to open
discussion on changes in solution of land consolidation and recreation. Our biggest concern in the
recreation is directed to local residents, respectively residents of a specific cadastral territory. For this
reason, we receive more convenient to relate the recreation and land consolidation, respectively
recreational potential of the cadastral territory in the form of existing and newly designed elements of
attractiveness and their accessibility for residents of a specific cadastral territory, which is solved in
comprehensive land consolidation.

Nowadays more than ever has a cultural landscape multifunctional character when the designer must
locate array of diverse interests on a particular cadastral territory according Kubi¢kova and Fialova
(2014). According them, it is important take a think about the man and his option for recreational rest
in the cultural landscape (especially in the agriculturally used).
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Souhrn

Jsme si védomy toho, Ze souCasny stav feSeni pozemkovych Uprav neumozfiuje soubézné Fesit
z dUvodu legislativnich a metodickych rekreaéni potencial uzemi. Proto se snazime predevs§im o novy
pohled na tuto problematiku, ktery by mél pfispét k otevieni podmétné diskuze na zménu v feSeni.
Nas nejvétdi zajem v oblasti rekreace sméfuje na lokalni obyvatele, resp. obyvatele konkrétniho
katastralniho Uzemi obce. Ztohoto dlvodu vztahujeme rekreaci na pozemkové Upravy, resp.
stanovujeme rekreacni potencial katastralniho Uzemi za pomoci existujicich a nové navrzenych prvka
atraktivity a jejich nasledné dostupnosti pro obyvatele konkrétni obce feSené v komplexnich
pozemkovych uUpravach. Ztohoto dlvodu povazujeme vymezeni existujicich a stanoveni nové
navrzenych prvkd za stéZejni prostfedek zvySeni rekrea¢niho potencialu katastralniho uzemi, na
zakladé néhoz je pak mozné planovat socio-ekonomické vyuziti konkrétniho izemi obce.
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REQUIREMENTS AND MATERIALS FOR STAIRS AND STAIRWAYS IN NATURE

Pavla Kotaskova
Department of Landscape Management, Faculty of Forestry and Wood Technology,
Mendel University in Brno, Zemédélska 3, 613 00 Brno, Czech Republic

Abstract

Staircase in nature belongs to structures, where prevails purpose. Aesthetic importance cannot be
ignored. In the natural environment, it is suitable to use natural materials: wood and stone. Stairs
should copy the terrain to act as naturally as possible. When we design the stairs, it is necessary to
comply with certain requirements in order walking the stairs was comfortable and safe. For this
reason, in some cases it is suitable to design staircase made of steel or reinforced concrete. It should
be incorporated at the location where the best fit into the natural environment. Construction elements
in nature should not be disruptive.

Key words: wooden structures, stair treads, railings

Introduction

Stairs and staircases are used for the communication connection between the two different height
levels. Staircase should be designed, where the slope of the tour was higher than 10 °. It is the
overcoming of height higher than 1 m at 6 m in length. The different height levels may be overcome by
one or two steps or stairs. Three more steps are considered as a staircase. Staircase must be
comfortable and safe during ascent and descent. Pedestrian perceived very negatively any deficiency
in the design of stairs. During the design, it is necessary to respect the fundamental provisions of the
applicable standards CSN 73 4130 Schodité a §ikmé rampy - zakladni ustanoveni a CSN 74 3305
Ochranna zabradli.

Materials and methods

The individual steps set up in series creates a stair flight. Passage width of the stair flight, which is
measured as the horizontal distance between the outer edges of the flight should match to the width of
the path, which is adjacent to the stairs. For the passage of adult humans it is recommended 600 mm
(can be reduced to 550 mm). For passing two persons is required minimum width 900 mm. It is
recommended to design multiple of width, which is necessary for the passage of an adult, and which
can be reduced to 550 mm (fig.1). We distinguish between direct stair flights, which is made up from
straight steps. Ground plan shape of the stairs is a rectangle. If you need to change the straight
direction (we need to turn), we design a mixed or circular stairs. These are composed of oblique steps.
Ground plan shape of the stairs is a trapezoid.

Pitch line - an imaginary line of the staircase output, that connects the front edges of the steps is
situated on the ground plan in the axis of the flight. For mixed or circular stairs is situated on a ground
plan at a distance of 1/3 the width of the flight, measured from the outer edge of the stair flight. When
passage width is larger than 1800 mm, the pitch line is placed in the axis of the stair flight.

On the pitch line of the stair flight, the step must have designed dimensions (tread and rise of the
step). Tread of the steps with a curved pitch line is measured as bowstring of the arc at the
intersection of the pitch line with the edges of subsequent steps. (CSN EN 15567-1)

In the stair flight, all steps should have the same rise. The rise of a step is measured as the vertical
distance between the scales (the upper surfaces of steps) of two consecutive steps in the flight. The
width of the flight is measured as the horizontal distance between the front edges of two consecutive
steps in the flight. (KlimeSova 2007)

The ratio between the rise and tread of the steps is given by:

2xh+b=630mm

Wherein:
h - rise [mm],
b - tread [mm].

Slope of stair flight is the basis for the total rise of terrain stairs. Slope (gradient) means the angle
between connectors of the front edges of the steps and the horizontal plane. Minimum recommended
rise is 80mm. For slope between 10° to 20°, the rise of the steps is until 130mm. When the slope of
the slight staircase 20° to 25°, the rise is from 130 to 150mm. The optimum rise is 150mm. Greater
tendency is not recommended for use in the field. The slope less than 10 ° overcomes by using
oblique surfaces - ramps. Sometimes we need to overcome the larger height difference on a relatively

-210 -



small area. It's mostly on trails that are difficult to access eg. in the rocks. Here it is necessary to use a
much larger slope. There is a possibility to use a stairs with treads between or steep stairs. Steps then
have a rise of 180-240 mm. These stairs have a slope from 35 ° to 60 °. Above this inclination, we
design ladders.

Number of steps is based on height, which we need to overcome by staircase.

If we want to design more than 10 degrees and the situation on the ground it allows, it is appropriate to
divide the staircase on more flights and separate by intermediate landing.

Outgoing walker in this case see a flat surface of the landing, which keeps wellbeing in his mind.

It is recommended that the height level of the landing does not exceed the height of the eyes average
man i.e. 1650 mm (fig. 2).

Depth of landing on which we don’t change the direction must be at least equal to the sum of 630 mm
and a tread of the step to move on well.

Finally, in general:

I=nx630+b

Where | is the length of the landing,

n is the number of steps,

b is the tread of the step.

Landings which serve to rest, or even stop, may be implemented as a ramp with an inclination up to
10 °. If the staircase is within five steps and follow the terrain, it is not necessary to design the railing.
For staircases above 5 steps, it is recommended, to ensure the safety of persons moving on the stairs,
to design railings placed at least on one side. The minimum allowable height of the railing is 1000 mm.
When the depth space is not more than 3.0 m, the height may be reduced to 900 mm.

If the depth space is at most 12.0 m, the height of the railing should be 1100 mm. If the depth space is
at most 30.0 m, the height of the railing must be 1200 mm. (HyksS, Gieciova, 2008)
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Fig. 2: The elevation of the landings: 1- unsuitable 2 - suitable
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Results

When building stairs outdoors on hiking trips we have to reckon with the fact that the stairs will be
exposed to all weather conditions that can be extremely different during the year.

In summer, in the sunshine temperatures can reach up to 40 ° C in winter even - 20 ° C. Is it
necessary to substantial influence - rain, ice and snow. Terrain staircase must be, as each staircase,
stable, solid, non-oscillate and wear resistant. For this reason it is necessary to give special attention
to the choice of materials and way of founding. Each scale and landings should have a slight
inclination about 1% towards the riser to allow water to drain without a problem.

On the stone steps and stair we use quarry stone, which should be placing in unmade ground, not into
the bank. We select stones, which have one plane surface. They are massive and heavy to ensure
sufficient stability. The individual steps are built on dry, without mortar, joints shall be supplemented by
smaller stones and fill in by sail, like dike. If there is requirement for stable staircase, you can build
from quarry stones and connect with cement mortar.

Fig. 3: Molded gratings PR

Discussion

Wood and stone are the most natural materials for staircase used in the landscape. Yet, sometimes
we have to use a different material. For hard accessible places and where degradation of wood
elements required very expensive maintenance or frequent replacement it is preferable to use metal
structures. Currently used steel structures which are used on steps are molded gratings PR (fig. 3).
Their advantage is easy to maintain even in the winter months, when snow usually falls through the
gratings. We should be aware that this element does not fit into the natural environment. That is why
we place it only in exceptional situations.

Conclusion

Often it exists naturally beautiful places eg. the gorge, that ordinary tourist does not have the
opportunity to visit. Suitable construction of bridges, staircases and ladders allow that this place
becomes the destination for trips also for less experienced hikers (fig. 4). In addition to the suitable
materials natural - wood and stone, we use in exceptional cases, concrete or steel structures (fig. 5).
In a humid environment, wooden stairs can be slippery. It is appropriate to design the railing in these
places. For higher security, it is recommended to provide railings on both sides.
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Figil. 5: Steel structure of staircases

References ;

CSN 73 4130: Schodisté a Sikmé rampy - zékladni ustanoveni. Cesky normalizagni institut, Praha
2010.

Klimedova, J. (2007): Nauka o pozemnich stavbach: modul MO1. Vyd. 1. Brno: Akademické
nakladatelstvi CERM, 57 s. ISBN 978-80-7204-530-3.

Hyks, P, Gieciova, M. (2008): Schodisté, rampy, Zebfiky. 1. vyd. Praha: Grada, 160 s. ISBN 978-80-
247-2688-5.

Souhrn

Schodisté v pfirodé patfi mezi stavebni konstrukce, u nichz pfevazuje ucel. Nelze vSak prehlizet i
esteticky vyznam. V pfirodnim prostfedi bude vhodné pouzit pfirodni materialy: dfevo a kamen.
Schody by mély kopirovat terén, aby plsobily co nejpfirozenéji. Pfi navrhu je tfeba dodrzet urcité
pozadavky, aby chlize po schodisti byla pohodina a bezpeéna. Zakladem pro navrh vysky terénniho
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schodisté je stanoveni sklonu schodidtového ramene. PFi stavbé schodist v pfirodé na turistickych
cestach musime pocitat s tim, ze schody budou vystaveny vSem pfirodnim klimatickym vlivim a
podminkam, které se v prubéhu roku extrémné liSi. Je nutné pocitat s podstatnymi vlivy desti,
namrazy &i snéhu. Terénni schodisté musi byt, jako kazdé schodisté, stabilni, pevné, nesmi se kyvat a
odolné proti opotfebeni. Z uvedeného divodu je nutné vénovat mimofadnou pozornost vybéru
materialu a zpisobu zalozeni. Stupné maji mit mirny sklon pfiblizné 1% smérem k podstupnici, aby z
nich voda mohla bez problému odtékat a nezustavala na stupnici.

Na kamenné schody a schodisté pouzivame lomovy kamen, ktery by mél byt ukladan do rostlého
terénu, nikoliv do nasypu. Vybiraji se takové kameny, které maji jednu plochu rovnou. Jsou masivni,
tézké, aby zajistily dostate¢nou stabilitu. Jednotlivé stupné se stavi na sucho, bez malty, spary se
doplni drobné&jsimi kameny a zasypavaji zeminou, podobné jako suché zidky. JestliZze je pozadavek
na stabiln&jsi schodisté, je mozné schodisté z lomového kamene spojovat cementovou maltou.

Dievo a kamen je nepfirozené&jSi material pro schodidté pouzité v krajiné. Pfesto se nékdy neubranime
pouziti i jinych materidld. V pfipadé Spatné pfistupnych mist, kde by degradace dfevénych prvku
vyZadovala velmi nakladnou udrzbu nebo €astou vyménu je vyhodnéjsi vyuZzit kovovych konstrukci.
V souCasné dobé se vyuzivaji ocelové konstrukce, které maji na stupné pouzity lisované rosty PR.
Jejich vyhodou je jednoucha udrzba i v zimnich mésicich, kdy snih vétSinou ro$tem propada. Méli
bychom si byt védomi, Zze do pfirodniho prostfedi tento prvek nezapada, proto je umistujeme jen
opravdu ve vyjime&nych situacich.

Ve vihkém prostfedi mohou byt nejen dfevéna schodisté kluzka. Je vhodné v takovych mistech
navrhovat zabradli. Pro vy$Si bezpecCnost se doporucuje opatfit zabradlim po obou stranach.

Mnohdy jsou pfirodné krasna mista napf. soutésky, kam se nema moznost bézny turista dostat.
Vhodnou konstrukci lavek, schodist a Zzebfik(l se tato mista mohou stat cilem vyletd i pro méné zdatné
turisty. Kromé vhodnych materiald pfirodnich - dfevo a kamen, pouzijeme ve vyjimeénych pfipadech i
Zelezobetonové nebo ocelové konstrukce.
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REROUTING FINLAND’S AGROFORESTRY SCHEME

Henri Vanhanen, Rainer Peltola
Natural Resources Institute Finland — Luke, Joensuu, Yliopistonkatu 6, FI-80101 Joensuu, Finland

Abstract

Agroforestry has long traditions in Finland in form of wood pastures and reindeer herding. However
latter is nowadays the only form of agroforestry which is widely practiced in northern parts of Finland
as area coverage of wood pastures has declined steeply form the beginning of 1950°s. Finland has
vast resources of forest, the total forest coverage being 71,6 % of Finland’s total land area. This
number is one of the highest in the world. However, new innovative and active agroforestry measures
distinctive to the environment and culture has not been developed in the past though forests hold
several, readily available Non-wood Forest Products (NWFP's). Forests have mainly been seen as a
source of timber and pulp and the awareness of multiple uses of forest has not been come to
prominence until 1990°s.

Berries and mushrooms are Finland’s most important NWFPs. They are collected from the wild for
incomes and recreation. The yearly value of forest berry- and mushroom harvests varies from 4 to 25
million € and from 300 000 to 4 million €, respectively. Berry- and mushroom harvests vary greatly
between years, depending on weather conditions affecting the flowering, pollination and fruiting body
formation. As wild berries and mushrooms are the most important NWFP’s in Finland, MTT Agrifood
Finland (as from 1.1.2015 Natural Resources Institute Finland — Luke) started to develop innovative,
active agroforestry methods for high-yielding and constant berry and mushroom production. Two
projects were launched; LUSTI in 2010 and RahaR&aseikkd in 2012. Both of them were funded by the
EU Rural Development Programme for Mainland Finland 2007-2013.

Project LUSTI — Securing the Availability of Nature Derived Berries with Cultivation Practices, aimed to
test the feasibility of several agroforestry - based cultivation practices to ensure higher and more
stable wild berry harvests. Project RahaRaaseikkd aimed to develop mushroom production methods in
low productive forests. Both of these projects aim to shape new cultural identity for Finnish
agroforestry. These projects are presented briefly in this article.

Key words: agroforestry, berries, lingonberry, bilberry, mushrooms, Inonotus obliquus

Introduction

Agroforestry is a traditional land use practice in which livestock is herded or crops are cultivated in
forested areas. It is a relatively new name for a very old practice which was once widely practiced
throughout Europe. Agroforestry practices are commonly associated with the farming systems in tropics,
but in Europe it is the oldest form crop and livestock production (Mosquera-Losada et al. 2009). Due to
intensification of both agriculture and forestry, agroforestry practices gradually disappeared during the
20th century, when these two land - use practices were considered to be more effective when separated
(McAdam et al. 2009). In many cases practicing agriculture — especially forest pastures - in forest was
considered to be harmful for effective forestry.

Although agroforestry has been in decline in Europe during the 20" century, there is nowadays growing
interest towards it. More overly it is seen and should be seen as a sustainable way of land management
and not as conflicting between agriculture and forestry. Agroforestry systems have been developing
especially in southern and central Europe, where forest farming, silvoarable, silvopasture, riparian buffer
strips, improved fallow, multipurpose trees, woodland orchards and many other agroforestry practices are
adopted (Mosquera-Losada et al. 2009).

In Finland agroforestry exists as wood pastures and reindeer husbandry. Beside these, also small scale
beekeeping is practiced to produce specialty honey from flowers of forest berries such as bilberry,
lingonberry and cloudberry. The areal coverage of wood pastures has declined steeply form the beginning
of 1950’s reflecting the trend in Europe and the growing importance of forestry in Finnish society (Vainio
et al. 2001). Reindeer herding which is widely practiced in northern parts of Finland has grown as reindeer
meat is seen as highly valued and priced foodstuff. The lack of development of new agroforestry systems
distinct to Finland or Northern Europe has not been developed though for example in Finland the total
forest coverage is 71,6 % of total land area. This number is one of the highest in the world. Although this
resource would offer interesting business opportunities in addition to tree production, new agroforestry
systems and related business models are lagging behind as compared to other Europe. As several pulp-
and paper mills have been closed due to severe structural changes in Finnish forest sector, there has
been demand for new operation models, new forest derived products and services (see Hetemaki et al.
2011). Also the change in national forest legislation in year 2014 gives more freedom for the forest owners
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when deciding forest management practices. It has been stated that joint production of timber and
bilberries may have a surprisingly strong effect on both the profitability of forestry and optimal stand
management (Miina et al 2010).

Berries and mushrooms are Finland’s most important NWFPs. They are collected from the wild mainly for
household use and recreation purposes, but also by professional pickers. As mushroom and berry crops
in forests are not actively managed, the crops vary greatly between years. The yearly value of forest
berries and mushrooms varies from 4 to 25 million € and from 300 000 to 4 million €, respectively (MMM
2009). The huge difference between years creates challenges for the berry- and mushroom refining
industry which is dependent on availability of the raw material. Uncertainty between years decreases the
investments in refining and huge amount of the yearly crop is sold directly as a raw material, without
refining and increment value from refining.

There are several active agroforestry measures developed for both forest berries and mushrooms, but
none of them have been trialed or applied in Finland. Mushrooms have been cultivated as an agroforesty
practice in China as early as 600 C.E. (Chang 1993) and there are well developed cultivation methods for
lowbush blueberry (Vaccinium angustifolium) in North America (Yarborough 2012, Drummond et al. 2012).
In the following chapters we will present two projects which aim to develop innovative agroforestry
measures distinctive to the environment and culture. Two projects that were launched were LUSTI —
Securing the Availability of Nature Derived Berries with Cultivation Practices and RahaRaaseikkd —
cultivation of Pakuri (/nonotus obliquus).

LUSTI - Securing the Availability of Nature Derived Berries with Cultivation Practices
LUSTI-project started in 2010, it aimed to test the feasibility and economy of several cultivation
practices to ensure higher and more stable wild berry harvests from agricultural and forested land in
Kainuu and Lapland regions.
Bilberries (Vaccinium myrtillus) and lingonberries (Vaccinium vitis-idaea) are derived from forests for
both domestic and wholesale markets. Currently berries are collected from the wild and Everyman’s
right, which is applied in Finland and in other Nordic countries, allows collecting them no matter who
owns the land. Most of the yearly crop is collected from Northern Finland, North-Karelia, Kainuu, North
Ostrobothnia and Lapland but the crop varies significantly from year to year (Picture 1). Currently most
of the harvest (80%) is collected by foreign workers, mainly from Thailand, since locals pick berries
mostly for household use. These pickers do not have a formal employment relationship. Instead, they
act as “freelancers”, selling the berries they have picked and covering the expenses through part of
their berry-incomes. Foreign berry-pickers have roused a debate in Finland, in which accusations of
human trafficking, labour deprivation and misuse of everyman’s right have been presented. (Rantanen
& Valkonen 2011, Peltola 2013).
Yearly variations of crop and uncertainty of availability of foreign work labour creates unsustainable
situation for wholesale markets and refinement industry. Though Finland boasts one of the biggest
wholesale companies in the world of wild berries, significant refinement industry is lagging. One of the
reasons for this is the unstable influx of raw material.
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Fig. 1: Yearly amounts (kg) of berries for wholesale markets. Lingonberry — upperline, billberry. MMM
2009 - Marsi 2008

All of the R&D targets in LUSTI - project (cultivation of lingonberry on agricultural land, developing
pollination services/ enhanced pollination (bumblebees, solitary bees) and production of specialty
honey for lingonberry and bilberry) aim to increase berry yields in select areas in order to concentrate
harvest management and logistics. Preliminary results of the project are promising. In cultivation trails
lingonberry yields have been up to 2-5 metric tons per hectare on farmland and with solitary- or honey
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bee - enhanced pollination on forested land the increase of bilberry harvest has been two- to threefold
(Peltola et al. 2014, Vanhanen & Peltola 2015, Lasala et al. 2015).

In future the project will be continued by adopting more practices from V. angustifolium cultivation from
North America in order to develop methods especially for forested environment using existing
Vaccinium vegetation.

RahaRaaseikko - cultivation of Pakuri (Inonotus obliquus)

RahaRaaseikkd (direct translation MoneyThicket) -project started in 2010 in co-operation with the
University of Eastern Finland's Forest Department. Project aimed to develop production methods for
specialty mushrooms. The project’s target species was pakuri (/. obliquus) which grows as pathogen in
living birch trees (Betula sp.) eventually killing its host. pakuri forms sterile conks on the side of the tree
(Picture 2.). The conks are collected and used in, for example, beverages and nutraceuticals. It is highly
valued in Asia due to its medicinal properties (Glamoclija et al. 2015). Although being an effective
pathogen in forests managed for tree production, its value can exceed almost tenfold the value of the tree
in which it grows. The stumpage price (€) for birch varies from 16 to 20 €/m® (Metinfo 2015). The price of
dried pakuri is 30 - 60 €/kg, single birch trunk can host several conks. This makes active collection and
production of pakuri an intriguing option for forest owners as the profit from it goes directly to the forest
owner as collecting pakuri is not considered to be a part of every man’s right like berry picking.
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Fig. 2: Pakuri, a sterile conk of. Inonotus obliquus. Photographer: Kai Pulkkinen.

In Finland, consumption of pakuri in beverages and nutraceuticals has increased.. Traditionally, pakuri
was used in Tikka-tea (“Woodpecker-tea”), which was also commercially available. In Asia and Russia the
market demand for pakuri is mostly supplied by raw material originating from Far East Russia (Pilz 2004).
In current situation, pakuri refinement industry in Finland obtains the raw material from contract collectors
and pakuri is collected from selected areas to ensure high quality of the raw material. RahaRaaseikkd
project started to test the feasibility of cultivation practices to ensure higher and more stable crop from
forested land by using living birch trees as a growing media. Wild pakuri strains were collected from
several parts of Finland and the fastest growing strains were selected for field trials. These field trials were
started in 2013 and final results are expected in coming years. However, preliminary results were gained
in fall 2014 as small scale conk formation was already observed on birches inoculated with /. obliquus
hyphae.

Cultivation of pakuri is possible in areas in which the tree production is marginal in terms of forestry —i.e.
the average tree growth is 0.1 — 1.0 m3/ha/yr. In such a case the production of pakuri does not compete
with tree production. In some cases cultivation could also be incorporated to current forest management
practices such as thinning. Constant supply of raw material by cultivation would ensure the availability of
pakuri for refining industry and improve its competitiveness also in international markets.

Discussion

In Finland time is prominent for R&D of NWFP sector due the changes in the operational environment
as new income sources and value chains are sought by both the forest owners and the forest industry.
Finnish forest sector is often seen as conservative and slow regenerating as compared to other, more
“modern” sectors like mobile- and game industry or even agricultural sector in which new ideas,
innovations and crop plants are swiftly adopted and measures put to practice. This is quite
understandable as the cycle time of tree production (time between final felling) is long, 60 — 120 years
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in Finland. However, wild berry- and mushroom harvests recur yearly and even pakuri should be
collectible after 10 — 15 years. With current R&D, yields of NWFPs could be increased with novel
agroforestry practices. Some of the processes may evolve bottom-up, without governmental
incentives, but as many of the companies in NWFP sector are small and middle sized enterprises their
influence is limited when nationwide forestry practices with long traditions should be adjusted.
Therefore ruling bodies and authorities in question should be active when seeking ways to adjust
regulations which are restrictive and limit the development NWFP entrepreneurship.

New innovations in primary production for NWFP’s have and are been developed and also forest
management practices are sought to increase the berry and mushroom yields. The profitableness of
joint timber production and NWFPs may well exceed the profitableness of a model in which forests are
harnessed for sole timber or NWFP production (Miina et al. 2009 and 2010, Turtiainen et al. 2013,
Kurttila et al. 2013). Such a paradigm changes are always challenging, especially in the case of
agroforestry, as the agroforestry practices are often considered to be obsolete. However, history
teaches us about consequences when well-established practices are valued too much. Back in the
19" century, tar was the most important exported product of Finnish forests. When iron replaced wood
in ship construction, demand of tar collapsed and many respected tar companies went to bankrupt.
Those companies which were enlightened enough to change their business approaches flourished
later in, for example, sawmill business.
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Souhrn

Agrolesnictvi ma ve Finsku dlouholetou tradici ve formé lesnich pastvin a chovu sobud. V souc¢asné
dobé je tento zplsob praktikovan zejména v severni ¢asti Finska, kde i v této ¢asti zemé rozloha
lesnich pastvin prudce klesla a to zejména v padesatych letech minulého stoleti. Samotné uzemi
Finska ma velkou rozlohu lest s celkovym pokrytim 71,6 %. Toto pokryti je jednim z nejvétSich v
porovnani se vdemi zemé&mi svéta. Noveé inovativni a aktivni pfistupy rozliuji dva ramce a to les jako
Zivotni prostfedi a les jako kulturu. DfivéjSi pfistupy nebraly v Uvahu mimo-dfevni funkce lesa. Lesy
byly spiSe vnimany jako zdroje dfevni hmoty a celulézy, s mimo-produkénimi funkcemi se zacalo
uvazovat az v devadesatych letech.

R{zné bobulovité ovoce a houby jsou ve Finsku jednim z nejdulezitéjSich artikl mimo-produkénich
funkci lesa. Tyto komodity jsou ziskavany za ucelem rekreace a prodeje. Ro¢ni trzni hodnota téchto
plodin se pohybuje mezi 4 — 25 miliony eur (u ovoce) a 300 000 — 4 miliony eur pro houby.
Samoziejmé hodnota je zavisla na mnozstvi sklizné mezi jednotlivymi roky v zavislosti na pocasi
majici pfimy vliv na kveteni, opylovani a tvorbu plodnic u hub. Lesni plody, jako jsou houby a
zejména v MTT zemédélsko-potravinarském odvétvi Finska (od 1. 1. 2015 Institut pfirodnich zdroju
Finska - Luke). Tento institut vznikl v rémci inovativnich a aktivnich metod lesnictvi pro stale
vynosngjSi produkci hub a bobulovitého ovoce. Byly vytvofeny dva projekty: LUSTI v roce 2010 a
RahaRaaseikkd v roce 2012. Oba tyto projekty byly financovany z Opera¢niho programu Rozvoje
venkova EU pro pevninské Finsko 2007 — 2013.

Projekt LUSTI slouzi k zajisténi dostupnosti a udrzitelnosti pé&stovani bobulového ovoce v lesich
Finska. Projekt Raha Raaseikkd je zaméfen na vyvoj produkce hub v nizkych hospodarskych lesich.
Oba tyto projekty maji za ukol formovat nové lesni identity finského agrolesnictvi, které jsou blize
rozepsany v samotném prispévku.
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Henri Vanhanen
Phone: +358 29 532 6609, e-mail: henri.vanhanen@]uke.fi
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Abstract

Presented paper deals with possible solutions for restoration of selected abandoned meanders of the
river Morava within the order of kilometer 215,500 — 225,500 with the viewpoint of recreation and
nature protection. Within the pertained section of the river Morava were selected 10 plots bearing
remnants of former meanders of the river (oxbow lakes or cutoff stream branches or areas with certain
characteristics), for which were designed restoration plans. Detailed analysis of each restoration plan
showed, that the position of plots against the centre of the village, therefore accessibility of plots for
local inhabitants, played important role in fulfilment of the requirements of nature protection and public
recreation. The assumption, that during restoration of former meanders of the river Morava laying
within urban areas or nearby them, the nature protection regulations subside to the recreation
potential of the area, was confirmed. On the contrary, remote areas (unaccessible without the use of
bicycle, long walk or restricted use of vehicles) brings the opportunity to fulfill nature protection
requirements (maximum support of the object of protection) in the restoration plans.

Key words: oxbow lakes, water courses, revitalisation, urban areas, accessibility, leisure activities,
funding

Introduction

The river Morava plays important role in the historical development of our country, as the first
settlement and trade routes were emerging on its banks. First documented notice of the name Morava
is dated from the year 1203. (Hosak & Sramek, 1980).

The development of settlement caused changes in the primary structure of the landscape and
evolvement of secondary structure of the landscape with the characterictic mosaic, which was typical
in the area until the end of the 18" century. Radical intensification of agriculture in the Fifties of the
20™ century was characterised by large scale farming, the last remnants of meadows and marshes
were drained through the means of melioration canals and later in the Eighties with drainage system.
The river itself was extremely modified by technical water management. The route of the water course
was straightened with inserted arcs of great diameter and rugged cross section profile was modified
into the shape of trapezium, with the toe of the slopes fortified by riprap or rockfill. Transection of the
riverbed was lowered due to construction of two weirs ,Tazalsky and Boleloucky®, which resulted in
the change of the hydraulic regime of the river and also creation of migration barriers within the water
course.

Some of the oxbow lakes of the river Morava are preserved in different stages of succession. It is also
possible to identify areas of former meanders of the river, which have vanished in time, by the
presence of characteristic wood vegetation and information from historic maps.

The paper presents information about the condition of the oxbow lakes and cutoff stream branches in
the area of interest and evaluates factors, which influence the restoration plans in order to fulfill the
requirements of nature protection and recreation potential for local inhabitants.

Materials and methods
Materials
The ten kilometer long stretch of river Morava (Fig. 1) is located South below the town of Olomouc.
The southern end is demarcated by a bridge (km 215,50) on a 3" grade road between villages of
Vérovany and Citov. The northern end is demarcated by , Tazalsky weir* (km 225,50).
The analysis of historical maps and field research in the locality led to determination of ten plots, which
bear signs of former meanders of the river Morava (Fig. 2). The current stage of sustainment and the
means of communication with the river were factors, that diversified the plots into four types:
e Oxbow lake — active communication with the river through upper or lower connection to the
water course,
e Cut off stream branch with water surface — water surface communicates with the river through
underground water (4 plots in total),
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e Cut off stream branch without water surface — water from the river flows through during floods
(1 plot),
e Others — plot determined on the base of historical maps, characteristic terrain configuration
and wood vegetation (1 plot).
Ecological value was also evaluated for each of the plots:
¢ low — area hugely anthropogenically affected (5 plots in total),
e medium — area in the stage of developed succession with low anthropogenic influence,
absence of protected plants or animals.(4 plots in total),
e high — area with presence of protected plants or animals (1 plot).
Restoration of determined areas, including the designs is still in the process of development.
Overall information about the determined plots is summarized in table 1. Every plot is defined with
specific code, where letters represent the name of the cadastral area, where the plot is situated (BLA
— Blatec, DUB — Dub nad Moravou, CHAR — Charvaty, VER — Vérovany) and numbers signify order of
the plot within the cadastral area.

Methods
Each restoration plan of the former meanders of the river was evaluated with number of factors:
e ownership — lands affected by the designs are owned by:
o0 private persons (PP),
o towns,
0 Czech republic (government body with right to maintain the land),
e investor of restoration:
o owner of the land,
o other,
e source of funding:
o funding from grants from EU or CZ,
o funds of the investor or the owner of the land,
e requirements of nature protection,
e requirements of the owners of the lands,
e distance from the centre of the urban area.

The aim of the analysis of the restoration plans was to figure out, which factors affected the final
technical solution, which defines the future function of the plot — natural, natural with recreational
aspects, recreational with natural aspects.

Hypothesis stated, that the declining distance of the restored areas of the former meanders from the
centre of the urban area, will result in emphasis being placed on the recreational function of the plots.

Results

Defined factors were evaluated for each plot. Results are organized in table 2.

Comparison of tables 1 and 2 clearly shows, that no matter the present ecological value of the plots
(low, medium or high), the aim of the nature protection is sustainment, strenghtening or restoration of
the ecological value of the former menaders of the river. This demand can be expected due to present
state of the river and its flooding area, where any remnant of area with nature-like character
surrounded by landscape with intensive agriculture, should be supported. The nature-like character of
the designs is also supported by the law num. 114/1992 Sb., about nature and landscape protection,
which defines the plots as ,significant landscape component® and these plots also represent part of
territorial system of ecological stability.

The requirement to enforce a plan, which would apart from nature protection, enable recreational
usage of the area evolved from the owners of the lands. Table 2 and map in Fig 3 clearly
demonstrates, that for plots nearby (up to 500 m) the urban centres, is the recreational function
emphasized more likely, than for those situated further.

Results confirmed the hypothesis, that when dealing with designing plans for restoration of former
menaders of the river Morava situated in urban areas or near them, the emphasis is placed on the
recreational function of the area at the expense of nature protection requirements. On the contrary,
designs planned for areas reachable with difficulty, can implement the nature protection purpose as
the primary aim of the restoration (maximum support of the object of protection).
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Tab 1: Summarized information about determined plots of former meanders in the selected stretch of

the river Morava

Code of Means of communication ) Status of the design
Category . . Ecological value .
the plot with the river Morava and restoration
cutoff stream branch . Restoration plan
BLA1 . Underground water Medium
with water surface completed
Upper connection through Restoration
DUB1 oxbow lake . Low
pipe completed
cutoff stream branch through DUB1 — nearly Restoration
DUB2 . . . Low
with water surface disfunctional completed
cutoff stream branch Restoration plan
DUB3 Underground water Medium
with water surface completed
Restoration plan
DuUB4 others -- Low
completed
Lower connection through ) Restoration currently
CHAR1 oxbow lake ) High .
pipe in progress
Lower connection through Restoration plan
CHAR2 oxbow lake Low
pipe completed
cutoff stream branch Restoration plan
VER1 Underground water Medium
with water surface completed
Upper connection through Restoration
VER2 oxbow lake Medium
pipe completed
cutoff stream branch Restoration plan
VERS3 Only during flooding Low
without water surface completed
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Fig. 1: Selected stretch of the river Morava
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Tab 2: Summarized information about determined plots of former meanders in the selected stretch of

the river Morava

Nature ) Future
Code of the . Source of . Owner Distance .
Ownership Investor ) . protection . function of
plot financing ) requirements [m]
requirements the plots
. Sustainment
Private owner of the )
BLA1 EU grants and No recreation to 1000 natural
person land .
strenghtening
Town Dub natural with
owner of the ) Possible )
DUB1 nad EU grants Restoration . 250 - 500 recreational
land recreation
Moravou aspects
Town Dub . natural with
owner of the . Possible .
DUB2 nad EU grants Restoration ) 250 - 500 recreational
land recreation
Moravou aspects
Town Dub Sustainment natural with
owner of the . )
DUB3 nad land EU grants and Recreation to 750 recreational
an
Moravou strenghtening aspects
Town Dub
owner of the . . 1000 -
DUB4 nad EU grants Restoration No recreation natural
land 1500
Moravou
. Sustainment
Private owner of the )
CHAR1 EU grants and No recreation to 1000 natural
person land .
strenghtening
recreational
CzZ- Town . . .
CHAR2 ) EU grants Restoration Recreation 250 - 500 | with natural
OGRPA * Charvaty
aspects
Town owner of the . .
VER1 y EU grants Restoration No recreation to 1500 natural
Vérovany land
Town owner of the . Possible 1000 -
VER2 . EU grants restoration . natural
Vérovany land recreation 1500
Town owner of the . . 1000 -
VER3 y EU grants restoration No recreation natural
Vérovany land 1500

* The Office for Government Representation in Property Affairs (OGRPA)

Conclusion

The result of long-term anthropogenical influence in the section of the river Morava and its flooding
area, is loss of mosaic of forests, meadows, arable land, marhses, ponds and naturally curved water
courses, which led to the decline in ecological value of the area of interest. Restoration of the former
meanders of the river Morava is therefore essential.

The results of the analysis of the designs for restoration of former meanders of the river signify, that
due to the technical limitations (present constructions, engineering mains, technological facilities) and
also due to socio-political and economical factors, not all the areas of former meanders can be
restored to its original natural state.

The influence of nature protection on the restoration of former stream branches of the river Morava
The aim of the representatives of the Department of Nature Protection is maximum protection of
former meanders and therefore the restoration designs should, according to it, aim at sustainment,
strenghtening or restoration of their ecological value. Fulfillment of these requirements is supported
by the fact, that most of the funding for such projects is gained from EU grants. These grants have
very strict criteria for restoration designs and the success at fulfilling these criterias defines the level of
financial support from EU and therefore the level of necessary funding coming from the investor of the
project.
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The influence of the owners of the land in restoration designs of former stream branches of the river
Morava

An important role is also played by the owners of the land, where the restoration takes place. The
representatives of the local towns tend to enforce such designs, which create areas with recreational,
nature-like function, especially those areas near the centre of the urban area, which are easily
accessible by the local inhabitants.

It was learned, that the reason for the requirements of the recreational function of the restored areas,
is the necessity to defend the project, which affects the budget of the towns, against the citizens of the
towns. On the other hand restoration design, which brings more attractive options for leisure activities
for the citizens is likely to be accepted by the general public. Therefore the representatives of local
towns procure especially restoration plans of the former meanders of the river within 500 m from the
centre of the urban area with emphasis on recreational function of the restored area (accessibility of
water, easy movement through the restored area, character of wood vegetation and grass cover),
which at the same time fulfill the criterias for grant funding.

Designs, which fulfill the requirements of nature protection as well as recreational function of the
restored area

In order to fulfill the requirements of all interested parties, it is advisable to divide the restored area into
two sections according to their future function. One section strictly nature-like with specific
management (often extensive character or completely left to its own development) and another
section designed for recreational use with intensive management (regular cutting, forming of wood
vegetation and eradication of unwanted self seeding of wood vegetation). It is beneficial to place a
~buffer zone* between these sections.
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Souhrn

Obnova ploch byvalych meandr v pfedmétném Useku feky Moravy ma vzhledem k nizké ekologické
hodnotyé zajmového uzemi své opodstatnéni.

Avsak, jak vysledky analyzy navrh(i obnovy byvalych meandrt feky Moravy naznaduji, nejen diky
technickym limitm (soucasné stavby, vedeni inzenyrskych siti a technologickych zafizeni), ale také
diky socio-politickym a ekonomickym vliviim nelze veskeré plochy byvalych meandrd feky Moravy
navratit do puvodniho pfirozeného stavu.

Viiv ochrany pfirody na obnovu byvalych ramen feky Moravy

Snahou organd ochrany pfirody je maximalni ochrana soucasnych ploch byvalych meandr(.
Naplfiovani podminek a poZadavk( organt ochrany pfirody podporuje fakt, Ze finanéni zdroje
potfebné pro realizaci navrh( jsou Cerpany predevSim z dotacnich tituld Evropské unie. PFislusné
dotacni tituly maji velice pfisna hodnotici kriteria projekénich navrhil a od naplnéni jednotlivych kritérii
se odviji vySe finanéni podpory a s tim spojena vySe potfebného dofinancovani z viastnich zrdoja
investorem akce.

Vliv viastnik( navrhy dotéenych pozemkt na obnovu byvalych ramen Moravy

Z vysledkd analyzy navrh(l obnovy byvalych meandr feky Moravy vyplynula snaha vlastnik(, jimiz
jsou v zajmovém Uzemi pfevazneé obce, prosadit takové navrhy, které budou vytvaret plochy s pfirodé-
rekreaCnim &i rekreaCné-pfirodnim charakterem, a to u ploch, které se nachazeji v blizkosti center
obci a jsou pro mistni obyvatele snadno dostupné.

Z Setfeni na mistnich samospravach obci bylo zjisténo, Ze divodem pozZadavk(l obci na moznost
rekreaCniho vyuZiti obnovovanych ploch, je potfeba obhajeni realizace stavby, ktera zasahne do
obecniho rozpoctu, pfed samotnymi obyvateli obce. V pfipadé navrhu obnovy, ktery zatraktivni obec
a jeji bezprostiedni okoli, je zdsah do obecniho rozpoctu pfed obyvateli obce snazeji obhajitelny.
Z tohoto duvodu prosazuji zastupci mistnich samosprav pfedevSim obnovu ploch byvalych meandri
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feky Moravy do vzdalenosti 500 m od center obci s dlirazem na takové technické feSeni navrhu, které
naplni poZzadavky na rekreaci a zarovefi napini hodnotici kritéria pro pfijeti Zadosti o dotaci.

Reseni navrhu spliiujici poZadavky ochrany pfirody i rekreacniho vyuZiti

PFfi snaze zkloubit podminky organi ochrany pfirody a pozadavky samotnych vlastnikd navrhy
dotéenych pozemkl na tvorbu novych atraktivnich prostor pro volnoCasové aktivity mistnich obyvatel
se nejvice osveédcCilo rozdéleni plochy na dil¢i plochy dle budouciho funkéniho charakteru. Tedy
vramci obnovované plochy vymezit prostor ,Cisté pro prirodu® s pfisluSnym budoucim
managementem (extenzivni charakter &i Uplné ponechani plochy samovolnému vyvoji) a prostor pro
rekreaci s intenzivnim managementem (pravidelné seceni ploch, formovani vysadeb a odstrafovani
naletll dfevinné vegetace). Mezi tyto dvé rozdilné funkéni ploch je vhodné situovat tzv. pfechodovou
plochu.
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Ing. Pavla Pilafova, Ph.D.
E-mail: pilarova.pavla@gmail.com

Ing. Kristyna Blahova
E-mail: kristynablahova1@gmail.com
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SOIL EROSION RISK IN THE CATCHMENT AREA OF THE WATER RESERVOIRS

Martina Zeleriakova, Vlasta Ondrejka Harbuldkovd, Zuzana Karaszova
Technical University, Faculty of Civil Engineering, Institute of Environmental Engineering,
Vysokoskolska 4, 042 00 Kosice, Slovak Republic

Abstract

Soil erosion is one of the major soil degradation processes, which greatly contribute to reducing of its
quality. It leads to loss of the most fertile surface layer of agricultural land and it causes also to the
loss of nutrients, humus (soil organic matter) and reduction of microbial activity. Long-term, intense
impact on soil erosion processes can lead to a complete erosion of fine particles, which ultimately
means the demise of the land itself. Therefore, it is necessary to solve the risk of soil erosion mainly
for purposes of the spatial planning. The aim of the paper is evaluation of the erosion processes in the
area of small water basins Hrcel, Nizny Zipov a Velke Ozorovce. In consequence the proposal of
erosion measures in the basin's water bodies are described. Paper presents determination of erosion
— soil loss calculation using suitable methods for this assessment. The results are supplemented by
using different methods of soil loss calculation.

Key words: assessment of soil erosion, erosion degree, soil loss

Introduction

As the human population has expanded, more and more land has been cleared for agriculture and
other pursuits that degrade the soil and make erosion more likely to occur. The effects of soil erosion
go beyond the loss of fertile land. It has led to increased pollution and sedimentation in streams and
rivers, clogging these waterways and causing declines in fish and other species. And degraded lands
are also often less able to hold onto water, which can worsen flooding. Sustainable land use can help
to reduce the impacts of agriculture and livestock, preventing soil degradation and erosion
(https://www.worldwildlife.org/threats/soil-erosion-and-degradation). Soil erodibility is an estimate of
the ability of soils to resist erosion, based on the physical characteristics of each soil. Texture is the
principal characteristic affecting erodibility, but structure, organic matter and permeability also
contribute. Generally, soil with faster infiltration rates, higher levels of organic matter and improved soil
structure have a greater resistance to erosion. Sand, sandy loam and loam-textured soils tend to be
less  erodible  than silt, very fine  sand and certain clay-textured soils
(http://www.omafra.gov.on.ca/english/engineer/facts/12-053.htm).

Soil erosion has a special position between land degradation processes. Although the compaction of
soil and chemical pollution of soils can be very dangerous, it can be said that soil erosion is the most
serious degradation processes, often leading to the complete loss of fine soil and to extinction of the
soil. No other environmental process work for so long and so wide. (llavska, 2005)

This paper aims to monitoring erosion and transport processes in small water basins catchments
Hrcel, Nizny Zipov and Velke Ozorovce in the eastern Slovakia using appropriate methods for the
evaluation of these phenomena. As an appropriate method for determining the long-term average soil
loss is universal soil loss equation (Universal Soil Loss Equation - USLE). Under this method, there
are many possibilities of erosion classification e.g. by Act no. 220/2004 Coll., by Kozbel et al. (2005),
by Vasku (1991), by Zachar or according to Research Institute of Soil Science and Conservation
(RISSC).

In the paper classification according to Act no. 220/2004 Coll., according to Vasku (1991) and RISSC
are shown and discussed. Subsequently, the proposed anti-erosion measures in selected small water
basins catchments are presented.

Material and methods

Erosion vulnerability of the area, respectively its potential of erosion is erosion denuding of soil (sail
layer thickness expressed in mm/year), which would happen at the selected area, when there is forest
or permanent grassland removed. (Fialova, 2010)

Also this state came to pass when there should lacked of soil protective vegetative cover or any
technical, hydro-agro, biogenic erosion control measures. (Slezingr, 2012, Galas, 2013)

The maximum value of soil loss caused by water (which allows stable and economically maintain soil
fertility) is known as the admissible soil loss. Its value varies according to the depth of the soil. Limit
values of soil loss in accordance with Law no. 220/2004 Coll. are shown in Table 1.
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Tab. 1: Limited values of soil loss [3]

Shallow soils (up to 0.3 m) 4 tha .year’

Middle deep soils (0.3-0.6m) 10 t.ha".year’
Deep soils (0.6-0.9m) 30 t.ha".year”
Very deep soils (more than 0.9m) 40 t.ha".year”

Iz Than 4 Uha
4. 10 Eha

_ 10 20tha
e Ban 30 BPha

Fig. 1: Graphical position of limited values of soil loss in condition of Slovakia [8]

From the older sources of erosion intensity measurements next assessment of soil erosion are known:
Indicative values for the assessment of “normal” (natural, geological), “mild” (weak) and “moderately
accelerated” (which is exceptional) and “strongly accelerated”. Erosions values of soil loss as a part of
the agricultural system are listed in Table 2.

Tab. 2: Description of soil erosion intensity in relation to soil loss degree [9]

Soil loss Soil loss - . L .
[thayear'] [mm.year’] Description of soil erosion intensity
less than 0.8 less than 0.05 normal (natural, geological)

0.8-4.0 0.05-0.3 weak (mild)

4.0-10.0 0.3-0.7 moderately accelerated (conditionally tolerate)

10.0-20.0 0.7-1.4 strongly accelerated

20.0-30.0 1.4-2.15 exceptionally accelerated
more than 30 more than 2.15 Disastrous

Depending on the intensity, the erosion can be divided to harmless - normal, or harmful - accelerated.
Harmless, normal erosion occurs with low intensity, the creation of soil profile is in balance with its
disruption. The thickness of the soil profile does not decrease; changes are only in the texture of soil
horizon, which becomes coarser. In case of harmful, accelerated erosion the loss of soil is faster than
the formation of the soil profile, which leads to decrease of profile or to total perishing.

Study areas
The aim of the paper is the evaluation of soil erosion in the catchment area of small water basins. Also
proposals of appropriate erosion control measures are described.

» Small water basin Hrcel
Village Hrcel is located in the Eastern Slovakia lowland, near Zemplinske Mountains. The village is
situated about 15 km from the district city Trebisov and 30 km from Velke Kapusany. Elevation of the
village is 120 m asl. Water basin is built in Hrcel stream and is located eastward of the built-up area of
the village (Fig. 3).
Parameters of the Hrcel small water basin are:
Total volume of the small water basin is 50.5E10° m®, when storage volume is 37.4E10° m® and
retention is 13.1E10° m°. Maximum elevation Hmax is 117.3 m asl., flooded area is 3.98 hectares and
average depth is 1.5 m.
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Fig. 2: Map of selected water reservoirs
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Fig. 3: Small water basin Hrcel

» Small water basin Nizny Zipov
Village Nizny Zipov is located in the south-western part of the Eastern Slovakia lowland, bordered by
Podslanska highlands on the west. The village covers an area of 1716 km? and lies at an altitude of
132 m asl. The purpose of the small water basin (Fig. 4) was the accumulation of the water for
irrigation purposes. A secondary objective was formation a suitable environment for fish and ducks
farming. Currently the reservoir does not have an irrigation function anymore. The small water basin is
located to west from the village at Zipovsky stream at 0.8 river kilometre. The small water basin is
formed by the front embankment; the other two sides are bounded in naturally raised terrain.
Parameters of the small water basin Nizny Zipov:
Total volume of the small water basin is 178E10° m?, storage volume is 120E10° m3, retention is
30E10° m*and permanent volume is 28E10° m®. Maximum elevation level Hmax is 139 m asl., flooded
area is 5.9 hectares and average depth level is 2.5 m.

-229 -



o

| R

Mikny  Zipien

Fig. 4: Small water basin Nizny Zipov

» small water basin Velke Ozorovce
Velke Ozorovce is located in the Trebisov city district, in region of South Zemplin. The municipality has
an area of 1377 hectares. The reservoir is situated in the cadastral territory of Velke Ozorovce in the
south, about 1500 m from the village at Ciza stream. The small water basin is formed of the front
embankment; the other two sides are bounded in naturally raised terrain. Its main objective is to
provide water for the irrigation of land. Another purpose of this small water basin is fish farming.
Parameters of the small water basin Velke Ozorovce:
Total volume of the reservoir is 1.158E10° m®, when storage volume is 0.538E10° m3, retention is
184.6E10° m® and permanent volume is 19.7E10> m®. Maximum elevation Hpay is 162.3 m asl., flooded
area is 8.05 hectares.

—

S ARRUNRbRR' "

Fig. 5: Small water basin Velke Ozorovce

Results and discussion

In Table 3 results of evaluation of erosion intensity in studied small water basins catchments according
to different methods of assessment is presented.

As it is presented in Table 3, the soil loss is According to Law No. 220/2004 Coll. almost in the all
studied small water basins threaten by soil erosion (except Velke Ozorovce — 3™ plot). Results gain
from evaluation by Vasku (1991) shows strongly accelerated erosion in small water basin Hrcel, and in
case of 3" plot of Velke Ozorovce. In this small water basin very dangerous — extremely accelerated
erosion was calculated in the rest plots. According to this method, Nizny Zipov suffers for moderately
accelerated erosion. Different conclusions were found out according to Research Institute of Soail
Science and Conservation (RISSC) where the disrupted 3™ plot of Velke Ozorovce is threaten by
moderate erosion and the rest plots are under strong erosion.

Small water basins Hrcel and Nizny Zipov are threaten by strongly and moderate erosion, respectively
in compliance with each selected methods of erosion assessment.
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Tab. 3: Assessment of soil erosion according to difference sources

Reservoir Plot According to Law According to rate of soil | According
No 220/2004 Coll. loss (Vasku, 1991) to (RISSC)
Yes, strongly
1401/1 13.94 threatgn 0.98 accelerated stro_ng
t/halyr by soil mm/yr orosion erosion
Hrcel erosion
Yes, strongly
13011 | 1258 | treaten 088 1 olerated | StroNg
by soil mm/yr : erosion
t/halyr erosion erosion
Yes, moderatel
6603/1 6.297 threaten 0.44 accelerate)cli moderate
Nizny t/halyr by soil mm/yr Srosion erosion
Zipov erosion
Yes, moderatel
ssoz1 | 579 | threaten | 040 | TOUREEY | moderate
t/halyr by soil mm/yr : erosion
erosion erosion
Yes, extremely
8801/1 23.87 threate_n 1.67 accelerated strong
t/halyr by soil mm/yr : .
erosion erosion erosion
Yes, extremely
Velke 16.62 | threaten 1.16 strong
Ozorovce 6802/2 t/halyr by soil mm/yr accele_rated erosion
erosion erosion
No strongly
8.6 threaten 0.60 moderate
770571 t/halyr by soil mm/yr accele_rated erosion
erosion erosion
Conclusion

There is no doubt that soil erosion is a critical environmental problem throughout the world’s terrestrial
ecosystems. The most serious form of soil degradation is from accelerated erosion. In paper the
evaluation of the erosion processes in the area of three small water basins Hrcel, Nizny Zipov a Velke
Ozorovce are presented using three methods of assessment. In case of small water basin Hrcel and
Nizny Zipov the result were similar for each method of assessment. Disproportions were found out for
small water basin Velke Ozorovce, where different intensity of erosion was calculated for each
selected method of erosion evaluation. These results correspond with slopes inclination. The smallest
erosion vulnerability is for small water basin Nizny Zipov, located (very low inclination of slopes) and
the greatest erosion vulnerability was calculated for Velke Ozorovce (steep slopes). | also explain
calculated differences for each method of erosion assessment.
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SOUNDSCAPE: IMPORTANT ATTRIBUTE OF PLA MORAVIAN KARST LANDSCAPE
CHARACTER

Eva Kostkova
Department of Landscape Management, Faculty of Forestry and Wood Technology,
Mendel University in Brno, Zemédélska 3, 613 00 Brno, Czech Republic

Abstract

The sound is an important part of landscape characteristic, but it is often neglected. It could have a big
influence on the whole landscape, but the major part of this study is focused on recreational potential.
The noise pollution could debase the landscape character and change the whole value of the
landscape. This study deals with evaluation of acoustic conditions (soundscape) in PLA Moravian
Karst. Eleven soundtracks were recorded there in different places in spring 2012. The locations for
recording were chosen to best represent the territory and contain all types of landscape in PLA
Moravian Karst. Also various types of forest are compared. Soundtracks were analysed and sounds
were filed in to categories which Raymond Murray Schaffer has defined. Output of this study is overall
evaluation of sound characteristic in Moravian Karst.

Key words: landscape, sound, acoustic ecology, audiodiversity

Introduction

Landscape, as the primary space for the life of plants, animals and humans, offers a number of ways
for it to view and assess. Although the initial assessment will be visual, at least for the human
population, other landscape constituents may be equally important. Even landscapes of high value
may become damaged through sound pollution to such extent that they directly affect the viewer's
perception and final feeling. The latter then may be completely negative even if that involves a
landscape assessed positively from all the other aspects.

On the other side of the imaginary spectrum, there are landscapes that are influenced positively by
sound, so their value and recreational potential becomes amplified in the eyes of the observer,
although they may not involve sites of extreme importance in terms of visual assessment. The study of
sounds of landscapes, acoustic ecology, or soundscape, thus provides another dimension of
environmental assessment. Primarily, it is assessment by humans, since it is humans who carry out all
the measurements, recordings and subsequent evaluation of sounds in the landscape. Determining
how noise pollution affects animals in the landscape is very difficult but potential for observing certain
regularities in their ethology exists here as well. Analysing soundscape forms an important part of the
overall landscape character assessment. It gives the viewer a better possibility to assimilate with a
certain territory and realise the dimension of sound in the landscape. Acoustic ecology therefore does
not aim to evaluate only the landscape character; it also seeks to grasp the importance of sound as a
landscape constituent and, as a result, understand the landscape as such.

Materials and methods

The Moravian Karst has largely a levelled surface which is however dissected with very sharp, 100-
200 m deep-cut valleys that in the northern portion can be described as arid karstic canyons. There
are relatively highly allochthonous watercourses flowing into the karst from the surrounding non-karstic
regions, particularly from the highlands of Drahanska vrchovina; these sink at the edge of the karstic
area, flowing through it underground into karstic springs found on the western limit of the bioregion.
(Culek, 1996) The Moravian Karst is the largest and most karstified territory of the Czech Highlands. In
terms of typology, it is a holokarst, i.e. full karst with a significant expansion of the surface and
underground karstic phenomena. (Némec, Pojer, 2007) Cambisols are the dominant group of soils
throughout the district. According to Quitt, E. (1971, 1984), the district is nearly fully located in a
moderately warm climatic region, the sub-units of which are distributed from the warmest and driest to
the coldest and wettest areas in the valley of the River Svitava symmetrically towards the eastern and
western borders of the district. The vegetation of the territory is mainly influenced by the geological
substrate. For the Moravian Karst, potential natural vegetation involves flower-rich sedge beech
woods, Melica beech woods or woodrush acidophilous beech forests (very rarely). The backbone of
the existing local vegetation consists of flower-rich beech woods, particularly the subalpine Dentario
enneaphylli-Fagetum association.

Sites that were selected for the recording always represented a certain type of landscape that is
spatially reproducing in the Moravian Karst (Fig. 1.) Evaluating soundscape chiefly aims at detecting
the sounds that represent the real status of the landscape at a certain place while describing
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observer's feelings very well. Since this particular case involved an individual landscape, defined
mainly by karstic phenomena, the method of determining the recording sites aimed at capturing this
aspect in the recordings. To allow for at least general comparison of the sound tracks against each
other, the recording included a "blank sample", i.e., a sound track recorded in indoors in the cave of
Katefinska jeskyné. This is not a strict silence; rather, it involves a specific, naturally formed landscape
with minimal noise load. Subsequently, recordings were taken mainly based on the vegetation cover
and land use, i.e. the sites involved various types of woods, agricultural areas of arable land, and a
meadow. Recordings were also taken that were assumed to have the dominant representation of
sounds of anthropogenic origin. In this case, it was an interior of the municipality of Kftiny and places
near caves which are exposed to intense pressure from tourism.

The recording made use of Hi-MD WALKMAN MZ-RH1 (Sony®) and microphone ECM-C10, also of
the SONY® brand. Edition and evaluation by Audicity programme (Fig. 2.)

Results

Items defined from each recording were always as follows:

Soundmark - sounds of anthropogenic or natural character which directly define a specific place in the
landscape and are typical of the site. Examples of natural soundmarks may include a waterfall or
thermal geyser, while soundmarks of anthropogenic origin may include e.g. church bells or noise from
mining.

Keynotes - background sounds; perceived rather subconsciously, they are less distinct.

Sound signals - distinct sounds, perceived to a greater extent. As part of the imaginary scale of
sounds in the landscape, these can be referred to as "foreground sounds".

The sites were classified based on the landscape character as natural sites (# 1, 3, 4, 5, 6, 7, 9 and
10) and anthropogenic sites (# 2, 8 and 11). The key sound signals were subsequently defined in the
recordings and split as well into the natural and anthropogenic categories. This evaluation found that
site 7 and site 9, defined as natural sites, featured a predominant anthropogenic sound signal. In
contrast, a natural sound signal prevailed on site 8 and site 11, defined as anthropogenic sites. The
habitat of deciduous wood (site 10) was also observed to feature a higher audiodiversity in
comparison with mixed woodland (sites 1 and 6).

Discussion

The assessment was particularly about the description of the sound constituent of the environment
and its relationship to anthropogenic activities in the landscape. Audiodiversity, i.e. the variability of
sounds that are possible to record within a given territory, forms another evaluation component. The
process of evaluation found a heavy tourism impact on sites 7 ("Skalni mlyn") and 9. (entrance into the
cave of Sloupska jeskyné). The presence of a large number of tourists is also the reason for the
prevailing sounds of anthropogenic origin that suppress those of natural origin. This reduced the
overall visual attractiveness of the territory of a considerable value in terms of tourism.

In contrast, site 8 (a footbridge over the creek near the entrance into the cave of Sloupska jeskyné)
and site 11 (a field near Vilémovice) are locations defined primarily by natural sounds. This is due to
the presence of natural sites in a close proximity to the recording places.

Audiodiversity was observed to be higher in the habitat of deciduous woods compared with mixed
woodlands. This outcome, however, should not be considered conclusive due to the small number of
sites. Within a certain area, audiodiversity is also heavily tied to the immediate climate, season or time
of day when the recording was taken. Therefore, assuming any relationship between the type of
vegetation and sound diversity should only be theoretical. The hypothesis, however, would require a
rather extensive research.

Visual assessment of the landscape presents only one of the possible efforts to understand it.
Acoustic ecology provides more ways of viewing the landscape, assessing it and understanding its
links and patterns. Aspects that are perhaps partly overlooked when evaluating by sighting, but
perceived very intensely when analysing, include tourism. With the caves of Punkevni jeskyné with the
Macocha Gorge still remaining the most visited natural monument in the Czech Republic, the
anthropogenic pressure on the territory is striking in the event of the Moravian Karst. The aim of this
work was thus not only characterise the Moravian Karst Protected Landscape Area in terms of sound,
but also to identify potential risks to the region.
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Fig. 2: Example of the recording — site # 9 - entrance into the cave of Sloupska jeskyné

Conclusion

As part of the project to assess soundscape of the Moravian Karst, eleven soundtracks from various
sites were recorded in the territory of the protected landscape area and subsequently edited using the
Audicity program. Their content was evaluated using characteristics and methodology of Raymond
Murray Schaffer, the founder of the field of acoustic ecology.

Three basic sound characteristics were determined for each recording: soundmarks - sounds of
anthropogenic or natural character that directly define a certain point in the landscape; sound signals -
distinct sounds, intensely perceived "in the foreground" and keynotes, i.e. little perceived sounds "in
the background". The evaluation of the recordings shows that soundmarks of purely natural character
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can be recorded only in forest ecosystems which are not close to any tourist destination of major
attractiveness. In contrast, there are a number of valued natural sites, particularly nearby karst caves,
where the tourism pressure on the territory can be very well observed using sound recordings. The
survey yielded a finding that natural monuments that form important tourism sites are affected by
recreation activities to such extent that for some visitors they may lose attractiveness. This example
confirms the fact observed in many other cases that recreationally attractive natural monuments cease
to be attractions for certain groups of tourists from a certain moment onwards because the place
makes it not possible to find natural ecosystems and valuable landscapes as it would be the case
when the site was visited by fewer tourists.

The Moravian Karst is a specific landscape, full of valued ecosystems. A number of these are
preserved through effective conservation management mainly as a result of Moravian Karst PLA
Administration. The conservation of local natural values in the future will simultaneously lead to
maintaining the specific soundscape of local landscapes.
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Souhrn

Krajina jakozto primarni prostor pro zivot rostlin, zivoCichl a ¢lovéka nabizi mnoho moznosti jak na ni
pohlizet a jak ji hodnotit. | krajiny velmi hodnotné mohou byt zvukovym znecisténim natolik poSkozeny,
Ze pfimo ovliviuji vnimani a koncovy pocit pozorovatele. Ten pak mize byt zcela negativni a to i
v pfipadé Ze se jedna krajinu po vSech ostatnich strankach hodnocenou kladné. Stejné tak ale i
krajina degradovana muze po strance zvukové pUlsobit stabilné a pozitivné. Hodnoceni zvukové stopy
urc€ité krajiny (soundscape) je vzdy subjektivni. Tato studie si v8ak kladla za cil alespof ramcové
stanovit pravidla pro hodnoceni zvuk, jakozto podstatnou souc¢ast hodnoceni krajinného razu.

V ramci projektu hodnoceni soundscape Moravského krasu bylo nahrano 11 zvukovych stop
z rlznych lokalit na tzemi chranéné krajinné oblasti. Nasledné byly tyto nahravky upraveny za pomoci
programu Audicity a jejich obsah byl vyhodnocen pomoci charakteristik a metodiky zakladatele oboru
akustické ekologie, Raymonda Murraye Schaffera.

U kazdé nahravky byly stanoveny ftfi zakladni zvukové charakteristiky: Soundmarks — zvuky
antropogenniho nebo pfirodniho charakteru, které pfimo definuji urcité misto v krajiné, sound signals
— zvuky vyrazné, intenzivné vnimané, ,v popfedi“ a keynotes — zvuky malo vnimané, ,v pozadi®.
Jednotlivé lokality byly také zafazeny do kategorie ,pfirodni“, nebo ,antropogenni“. Z vyhodnoceni
nahravek vyplyva, ze soundmarks Cisté pfirodniho charakteru je mozné zaznamenat pouze v lesnich
ekosystémech, kde nejsou v blizkosti Zadné vyznamné turisticky atraktivni destinace. Oproti tomu je
mnoho pfirodné hodnotnych mist, zejména v okoli krasovych jeskyni, kde je turisticky tlak na uzemi
na zvukovych zaznamech velmi dobfe zaznamenatelny. Vysledkem pozorovani je tedy zjidténi, Ze
mista turisticky vyznamna jakozto pfirodni pamatky jsou rekreaci natolik poznamenana, Ze mohou pro
nékteré navstévniky ztracet atraktivitu. Moravsky kras je specificka krajina plna hodnotnych
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ekosystému. Mnoho z nich je diky u€¢innému managementu ochrany zachovavano, zejména zasluhou
spravy CHKO Moravsky kras. Zachovani mistnich pfirodnich hodnot v budoucnu povede i
k zachovani specifického soundscape mistni krajiny.

Contact :
Ing. Eva Kostkova
Phone: +420 774 156 772, e-mail: eva.kostkova@mendelu.cz
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TECHNOLOGIES FOR THE REINFORCEMENT OF FOREST TIMBER HAULING ROADS AND
THEIRS RECREATIONAL SUITABILITY

Petr Hriza
Department of Landscape Management, Faculty of Forestry and Wood Technology,
Mendel University in Brno, Zemédélska 3, 613 00 Brno, Czech Republic

Abstract

The reinforcement of forest roads is a broad issue that encompasses different solutions. They must
take into account that the primary reason for the road reinforcement is the timber transport during
which there are heavy pressures of the transport machinery axles on the road surfaces due to the
weight of the transported timber. In some cases, timber transport is accompanied with a requirement
of an all-year-round operation, i.e. timber transport under all weather conditions. However, also the
economic aspect of the reinforcement is considered as forest roads are roads with a low intensity of
transport. Last but not least, the reinforcement of forest roads must meet the growing demands of the
forest visitors concerning its aesthetics and the utilisation of forest roads for sports purposes. All
together, this puts high demands on the construction and the methods of forest road reinforcement so
that all of the above listed objectives are met and forest roads fulfil the requirement for multifunctional
use. This paper presents the historical development of the reinforcement of forest roads as well as
different types of reinforcement used throughout the history and the present, so that forest visitors get
an idea about the technologies for their construction. At the same time, it must be pointed out that
each technology currently used is more or less suitable for the particular purposes of the utilisation of
forest roads.

Key words: forest road, reimforcement, technologies

The Subject Matter

The first attempts of road reinforcement appeared around 4000 BC in Great Britain (Lay, 1992) with
pole timber used in corduroy roads. This type of reinforcement was especially used on sites with a low
bearing capacity affected by water, where putting the pole timber across the road created a wooden
bar which more effectively spreads the pressure from vehicle axles over the area. The presence of
water prevents contact between air and wood and thus reduces the rate of the decomposition of the
pole timber. Even today, we can find remnants of this type of reinforcement from the 16th century, for
example in Germany (Johnson, 2014). Another type of reinforcement, also from the past, although still
used in some developing countries (Winkler, 1999), is the technology called stone pitching. This
technology can be commonly seen in forest roads construction in the past that are still in use by
hauling vehicles in Europe (HrGza, 2013). It is a base layer of larger pyramid-shaped quarry stones,
with a width of 10 to 15 cm, a length of 15 to 30 cm and a height of 15 to 25 cm, and a rectangular
base. They are placed manually positioned close together, with the tip upwards and the longer
dimension across the road so that, if possible, the adjacent rows are locked together. After a certain
area is stone pitched, the projecting parts of the stones are hammered out and the fragments are used
to wedge the spaces between the pitch stones. After the wedgingprocess, the surface should be
continuous. The thickness of the pitching layer is usually 15 to 25 cm. If the road is inclined, stone
pitching is laid in the direction against the incline so that the stones lock well together (Makovnik,
1973). The disadvantage is that the stones must be laid manually, the work is strenuous and cannot
be mechanised. Another drawback is that unless the wedging is perfect, the transport loading is borne
by individual stones and the axle pressures are not spread over the area. Due to these drawbacks and
thus the time demands of the construction, the use of stone pitching as reinforcement on forest roads
has been abandoned (Makovnik, 1973). These historical reinforcement technologies do not meet the
current needs of timber transport and neither forest visitors, both hikers and cyclists like them as the
resulting surfaces are very rough and uneven. The pitching technology was first replaced with a layer
of coarse crushed stone by a Scottish builder, John Loudon McAdam (in 1816). He first crushed the
stone mechanically directly at the extraction spot and transported the crushed stone by vehicles to the
road subgrade as a reinforcement layer. Coarse crushed stone of a larger faction is still called
macadam after this innovator. Gravel of large grain, called macadam, was spread out in 15 to 20 cm
layers and rolled out with heavy static rollers. As the gravel layers can be laid using machinery, the
macadam base layer gradually replaced the stone pitching reinforcement. However, the rolled layers
had fairly large voids among the stones and the surface did not meet the requirement of uniform
pressure on the subgrade. Therefore, the road surface got significantly deformed by the vehicles. The
builders started to look for a technology to fill in the macadam voids and level and close the surface,
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ideally using the material that remains after stone is crushed to macadam. This technology is called
water-bound macadam and was especially used in the first half of the last century. It is basically a
layer of coarse gravel with slurry. The method of water-bound macadam consisted of spreading
crushed coarse gravel and its grouting by the binding slurry. The spread gravel layer is compacted
(rolled), first using the dry procedure, then gently sprayed with water. The rolling is finished when the
gravel stops moving and the gravel grain laid under the roller does not get pressed in but is crushed.
The voids in the compacted gravel layer are filled with the slurry. It can be made directly at the location
of the road or in mixers (Jurik, 1984). The amount of slurry used to fill the voids in the gravel should
not be more than 20 to 25% of the volume of the compacted layer (Jurik, 1984). A major disadvantage
of this type of reinforcement is the sensitivity of the loamy sand cement to humidity; it can only be
used in locations not affected by water. The material characteristics of water-bound macadam report
the modulus of elasticity to be 500 MPa (TP 170, 2010). This type of reinforcement does not satisfy
the needs of the current hauling machinery as regards the bearing capacity; however, it is the best
surface for hiking and sports purposes as it is natural, flexible, and absorbs impacts.

In the second half of the last century, the technology of penetration macadam that is a form of a
technology of grouted courses began to prevail in the forest roads of the Czech Repubilic. It consists of
a reinforcement layer composed of coarse aggregate grouted with a bituminous binder and filled with
spread and compacted (stone) aggregate. Based on the type of coarse aggregate, this can be fine
penetration macadam with the aggregate fraction of 16 to 32 mm and a total layer thickness of 5 cm,
or coarse penetration macadam with the aggregate fraction of 32 to 63 mm and a total thickness of 10
to 20 cm. The layer of penetration macadam is carried out in several stages. The foundation is coarse
aggregate, which is usually spread by a grader. After spreading and the levelling of the coarse
aggregate, pre-compacting is carried out by a smooth roller without vibration. To avoid crushing the
coarse aggregate, moderately heavy rollers are used. The stone layer is grouted by distributors.
Immediately after the asphalt binding, an amount of crushed aggregate, enough to fill in the voids in
the gravel, is dosed onto the surface using a shredder; it is then immediately rolled. More aggregate is
only added to the spots that are not sufficiently filled. The spread aggregate is levelled using a frame
brush during compaction so that the spaces in the gravel are well filled but the gravel mosaic remains
visible. Vibrating of the fine aggregate and the concurrent compacting of the layer must begin
immediately after the spreading and is carried out by a vibrating roller. The wearing course of
penetration macadam has to be coated (CSN 73 6127-2). The material characteristics of penetration
macadam report the modulus of elasticity to be 800 MPa (TP 170, 2010). This technology is not very
popular among forest visitors due to its frequent damage as well as its uneven and sharp surface. This
technology was gradually replaced, the main reason was that the asphalt binder used in the forest to
grout the coarse aggregate contained tar and its application in asphalt emulsions was rejected to
protect the environment. As a result, not only was environmental protection enhanced but also the
quality of the asphalt emulsion increased. However, the disadvantage was the increased economic
costs of penetration macadam. Also, the rate of asphalt emulsion hardening without the tar component
is considerably faster and thus it is very difficult to reach complete grouting of the coarse aggregate.
Considering also the economically disadvantageous local repairs of damaged penetration macadam,
the use of this technology has been gradually reduced to a minimum.

Penetration macadam has been replaced with the technology of unbound layers, especially Type 1
unbound mixture, less vibrated gravel. These technologies are used in classical road construction as a
road base layer. However, they could be used as the surface layer of forest road reinforcement in the
forest as the intensity of transport is low and some of the roads are only used seasonally. Type 1
unbound mixture is the most advanced type of unbound layer within road building and it also has the
highest load bearing capacity. It is a layer made of unbound mixtures of crushed aggregate with
texture from 0 to 32, or 45 mm with the optimum moisture, spread and compacted under conditions
ensuring the maximum possible load bearing capacity. The design of the mixture must be done in
compliance with the provisions of the standard (CSN EN 13285) along with the exact procedure of
construction works (CSN 73 6126-1). Unbound layers are spread in one or more layers by finishers or
graders. When the work is of a small scale and done in small areas, it is possible to use any other
appropriate machinery; alternatively, it can also be done manually. In manual work, the mixture cannot
be thrown by shovels but it is recommended to form small piles and spread those. The spreading of an
unbound mixture has to begin immediately after its delivery in order to maintain the optimum moisture.
Compaction can be performed by a vibrating tandem roller with two smooth drums. When the work is
of a small scale and done in small areas, in the proximity of drainage fixtures or curbs, it is possible to
use vibrating plates, rammers and manual rollers. The mixture must be produced and delivered so that
its moisture when laying and compacting meets the standard (CSN EN 13285), regarding the
aggregates, the shape of the granularity curve and the determination of the optimum moisture of
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aggregates to achieve the maximum volumetric mass of compaction. The modulus of elasticity of the
Type 1 unbound mixture has to reach a value of 600 MPa. This technology best suits the
multifunctional purposes of forest hauling roads, including the recreation purpose. The financial costs
of their construction are minimized and this reinforcement is able to meet high demands. Its sole
disadvantage is the limitations in all-year-round timber transport.

Another type of unbound layer used for the reinforcement of forest roads is the vibrated gravel. It is an
older technology of reinforcement and actually the predecessor of Type 1 unbound mixture, which only
came into use when the development of stone crushing was allowed. Crushing machines which were
able to produce small crushed stone and compacting instruments able to compact not only by
pressure but also vibration were necessary. Thus, it was possible to fill in the original macadam
skeleton by fine aggregate and create a continuous layer with minimum voids. This layer better resists
the pressures from the axles of transport machinery, it does not break and has a better resistance to
water. The basis of the gravel layer of vibrated gravel is a coarse aggregate of fraction 32 to 63 mm,
which is usually spread by a grader. After the layer spreading and levelling, a vibrating roller is used. It
is recommended that before the roller is used the stone layer is moisturised. After the setting of the
coarse aggregate, the fine aggregate with a maximum grain size of 16 mm is spread. The ideal
aggregate fraction and amount needs to be established experimentally for each given condition. In
practice, usually the fine aggregate fractions 0 to 16 mm, or 0 to 8 mm are, used, at an amount of 30-
35% of the weight of the coarse gravel skeleton. The maximum amount of the fine aggregate is
restricted by the following requirements: after vibrating the fine aggregate, the structure of the coarse
aggregate must be apparent; the fine material must not be compacted, but only the voids need to be
filled. Before compaction, it is recommendable to moisturise the layer; however, if a fraction at the
lower limit of texture is used, it is difficult to vibrate it in. After vibrating, the stone skeleton must be
filled coherently at least to a depth of 100 mm. The smallest thickness of the vibrated gravel is 2.5
times the largest grain, i.e. 150-200 mm, the optimum thickness is 250 mm. The modulus of elasticity
of vibrated gravel has to reach 500 MPa (TP 170, 2010). This technology is less popular for recreation
purposes, due to its roughness; it is also less suitable for cycling as the surface gets disintegrated
resulting in worse riding comfort.

Currently, we can also see compacted asphalt courses of bituminous mixtures in forest roads.
Compacted asphalt courses have better properties in terms of production technology than penetration
macadam; therefore, they have started to replace it in the designs of surfaces that should be operated
on all-year-round. In addition, technological processes and machinery for repairs of damaged
compacted asphalt courses are already of a better quality than in the second half of the last century in
the era of penetration macadams in forest roads. Bituminous mixture is a mixture of aggregates with a
continuous or interrupted granularity curve. The aggregate forms the skeleton in which individual
grains touch and wedge into each other and are cemented by an asphalt binder. The most commonly
used asphalt mixture in forest roads is asphalt concrete. Asphalt mixtures are continuously spread by
finishers, exceptionally, use of a grader or manual implementation is possible. Compaction needs to
be performed by means of high-performance vibrating or oscillating rollers, heavy static rollers and
tyred rollers. Tyred rollers are convenient when compacting thicker subgrade layers of asphalt
concrete to prevent cracks, seal the surface, etc. The surface of the wearing course of asphalt
concrete is compacted until the static effect of the roller leaves visible traces. Coarsening is done
using aggregate of fraction 1 to 3, 2 to 4, or 2 to 5 mm (CSN 73 6121). Material characteristics of
asphalt concrete based on type state have a modulus of elasticity of 5500 MPa, or 7500 Mpa (TP 170,
2010). Asphalt layers are becoming more popular due to their possible all-year-round use for timber
transport as well as the dustless character, suitable for hiking, and smooth surface preferred by some
of the cyclists. However, from the economic point of view, this solution for forest road reinforcement is
the most expensive.
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Souhrn

Zpeviiovani lesnich odvoznich cest je Siroka problematika, ktera v sobé& zahrnuje razné zpusoby
feSeni. Ty musi vzit v ivahu, Ze prvotnim ddvodem zpevnéni je doprava dfivi, kdy dochazi, vzhledem
k hmotnosti odvazeného dfivi, k maximalné dovolenym tlakim naprav odvoznich souprav na jejich
povrch. V nékterych pfipadech je odvoz dfivi spojeny i s pozadavkem celoroéniho odvozu dfivi, to
znamena za kazdého pocasi. Vzdy je zde také kladen ddraz na ekonomicky zpUsob FfeSeni zpevnéni a
to vzhledem k tomu, Ze se jedna o komunikace s nizkou intenzitou dopravy. V neposledni fadé musi
zpevnéni lesnich odvoznich cest plnit i narlistajici poZadavky navstévniku lesa na jeho estetiku a
sportovni vyuziti lesnich odvoznich cest. To vSe spole¢né klade vysoké naroky na vystavbu a zpusoby
zpevriovani lesnich odvoznich cest tak, aby byly splnény vSechny tfi vySe uvedené pozadavky. Tento
¢lanek popisuje historicky vyvoj zpeviiovani lesnich odvoznich cest a riizné typy zpevnéni pouzivané
v soucasné dobé tak, aby navstévnici lesa méli pfedstavu o technologii jejich vystavby. Spole¢né s tim
uvadi, ze kazda technologie je vice nebo méné vhodna pro jednotlivy ucel jejich vyuziti.
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THE CONFLICTS IN FLOOD ROUTING THROUGH THE RECREATIONAL RESERVOIR
HOSTIVAR IN PRAGUE
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Institute of Water Structures, Faculty of Civil Engineering, Brno University of Technology, Vevefi 95,
602 00 Brno, Czech Republic

Abstract

The main purpose of the Hostivaf dam in Prague is recreation when the reservoir level has to be
maintained on prescribed level. The second declared purpose of the scheme is flood attenuation at
which operational manual recommends to pre-empty the reservoir. Obviuosly these requirements
suffer from certain inconsistency in manipulation with water level. During the flood in June 2013 with
approximate return period of 500 years several facilities downstream of the dam were flooded by
relatively rapid increase of water level in the Boti¢ stream downstream of the Hostivaf dam in Prague.
The blame was thrown on the improper manipulation with appurtenant works of the dam and the
complaints insist on the flood attenuation effect declared in operation manual. The study on the
correctness of the operation at the dam during the flood proved proper and optimal operation with only
minor flood attenuation effect. The main declared purpose - recreation - does not allow significant pre-
emptying of the reservoir which has only limited volume to attenuate more extreme flood discharges.

Key words: purpose of the reservoir, operation manual, dam HostivaF, flood attenuation

Introduction

In general most of water reservoirs in the Czech Republic are managed as multipurpose. However
during their design and construction usually one or two purposes were set as principal. During last two
decades the emphasis has been layed on the flood protection function of the reservoirs which asked
for the reservation of certain flood attenuation volume. This usually brings a conflict between original
and newly proposed reservoir purposes. Water supply, hydropower generation or recreation usually
call for the full reservoir. On contrary flood attenuation needs some free reservoir volume which can be
reached by permanent or temporary drop in reservoir water level.

In June 2013 the Bohemian part of the Czech Republic was exposed to extreme flood reaching locally
500 year’s return period. All affected dams sustained such extreme peak discharges without any
safety problems. However the expectations of the society and affected population about the dams’
efficiency in flood attenuation were not fulfilled. Subsequent studies showed that the operation of all
dams was performed according to operation rules and with maximum care. Obviously other purposes
and functions of the dams have to be taken into account in the operation of dams during floods.

One of such widely discussed cases was the Hostivaf dam in Prague. Its main purpose is recreation
when the reservoir level has to be maintained on prescribed - contracted operational level. During the
peak flood discharge at the Hostivai dam several facilities downstream of the dam were flooded by
relatively rapid increase of water level in the Boti¢ stream. The dam owner was accused by improper
manipulation with appurtenant works at the dam. The detailed study proved proper and optimal
operation. It was shown that relatively small reservoir volume is not capable to attenuate such extreme
floods.

The Hostivar dam

The Hostivaf dam is located on the territory of the city of Prague on the Boti€ stream at the stationing
13.55 km. The Boti€ is a right bank tributary of the Vitava River (Fig. 1). The river basin of the HostivaF
Dam has an area of about 94.8 km”. In the catchment a significant portion of the agricultural and forest
land has been transformed into industrial areas with impervious surfaces. This has probably altered
runoff conditions in comparison with its original state. On the streams in the catchment there are 8
gauging stations (Fig. 2) with level recorders indicating discharge; 3 of them are also equipped with
rain gauges.
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F|g 2: Map of the Hostivaf Dam basin (buIIets indicate gauging stations)

The dam was completed in 1961. The maximum dam helght is 13 m; maximum reservoir volume is
1.845 mil. m*. The flood retention volume is 0.375 mil. m®. The main purpose of the dam is recreation,
flood attenuation is declared as supplementary purpose which in fact has only a minor effect in the
case of floods with return period N < 20 years.

The dam is equped with bottom outlet - three pipes of diameter 500, 700 mm and 500 mm with total
capacity about 8.2 m %s. The spillway is composed of four gated sections each with a span of 2.7 m
with the total spillway capacity about 70 m %/s at the maximum reservoir water level and opened gates.
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The flood in June 2013

Extreme flooding in Central Europe began after several days of heavy rainfalls in late May and early
June 2013. The flooding and damage primarily affected southern and eastern Germany, western
regions of the Czech Republic and Austria. The flood wave progressed down from the tributaries to
the principal receivers, which included the Danube, Vitava and Elbe rivers.

Records show that floods in the relatively small fan-shaped Boti¢ catchment exhibit quite a steep front,
meaning such floods can arrive in few hours. This experience was verified during the 2013 flood at the
Boti¢ catchment, where the dally precipitation locally exceeded 115 mm and the inflow to the HostivaF
reservoir increased from 20 m*/s (5-year flood discharge) to 70 m %s (200-year flood) within Iess than 3
hours. After another 4 hours the inflow dlscharge to the reservoir had increased up to 85 m%/s, which
corresponds approximately to the 500 year’s discharge. The total volume of the flood wave was 8.9
mil. m®, which exceeded the flood retention volume of the reservoir by about 24 times. Even a
prellmlnary estimate shows the reservoir only had a minor effect on the routing of such an extreme
flood.

The flood routing through the Hostivar reservoir was governed by the dam operation manual. After the
maximum reservoir water level was exceeded, operators managed to open the gates relatively rapidly
with the aim of not exceeding the maximum safety check flood level (249.30 m ASWL).

As the warning system did not sufficiently keep up with the speed of the flood’s arrival and the
operating procedures employed to deal with it, in the area downstream of the dam some inhabitants
were endangered during the flood wave and some moveable properties such as vehicles were not
evacuated. This resulted in subsequent complaints and accusations against the dam owner. In order
to verify that the dam had been operated and maintained correctly several hydrological and hydraulic
studies were carried out including the study detailed below.

Hydrological study

To verify the flood routing procedures also in relation to other reservoir functions (mainly recreation) a
detailed comprehensive study of the local rainfall-runoff process, dam operation, and the hydraulic
behavior of appurtenant works was carried out. The aim of the study was also to specify flood
attenuation potential of the reservoir and to recommend possible improvements.

The study employed all available geographical data about the catchment, data from 6 gauging stations
in the reservoir catchment concerning e.g. rainfall, water stage and discharge observations, and
information about the water levels in the reservoir during the flood. The capacity of the appurtenant
works was assessed via the detailed verification of dimensions, structures and equipment based on
available drawings and on-site inspection. The accuracy of measurements of all relevant variables at
the dam site was also checked and taken into account. The procedures adopted during the flood
which were recorded in the dam book were compared with the data from gauge stations and published
weather forecasts.

Rainfall-runoff modeling was carried out using ZABAGED basic topographic data and CORINE maps
(COSMC 2009) assembled and adjusted for the Hostivaf Dam catchment area (Fig. 2). The modeling
of the process was carried out by the HEC-HMS (2010) and GeoHMS (2013) program packages.
Precipitation totals were taken from rainfall recorders. The runoff modeling results were compared with
the hydrographs calculated at the level recording stations in the catchment and also with outflow
hydrograph from the reservoir. Another indicator was the movement of the reservoir water level. The
resulting outflow and inflow hydrographs during the flood and the behavior of the reservoir water level
over time are shown in Fig. 3.

The modeling showed that the time lag between the reservoir outflow and inflow fronts was about 4.5
hours the flood attenuation effect was from approx. 85 m%s (peak inflow discharge) to approx.
76 m*/s (outflow), i.e. about 9 m*/s. This abnormal effect was caused by the delayed opening of the
spillway gates and the resultant considerable rise in the reservoir water level up to 248.98 m ASWL
(still lower than maximum safety check flood level of 249.30 m ASWL).

In case of reliable flood forecast |t is recommended to pre-empty the reservoir by earlier increase of
the outflow discharge up to 5 m %/s. In case of summer pre-emptying the dam owner is obliged to
inform all reservoir users who may be aggrieved by the drop of reservoir water level. Those are
owners of swimming pools and switchbacks at the banks of the reservoir.
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Fig. 3: The outflow and inflow hydrographs, water level

Part of the study involved simulating the outflow hydrograph during dam operation when carried out
according to the operation manual. In Fig. 4 it can be seen that if the dam is operated according the
operation manual, the peak outflow discharge is about 79.5 m®/s, which is about 4.5 m®/s higher than
the real peak during the flood in June 2013. Also, the increase in the outflow discharge is more rapid,
i.e. it accelerates from 10 m%s up to 55 m¥s in only 5 minutes. This does not correspond with the
physically practicable time required for opening the gates. Also, downstream of the dam the arrival
time of the real flood in June 2013 was approximately twice longer as that when operated according

the operation manual.
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Fig. 4: Comparison of the real and hypothetical outflow occurring if the dam is operated according to
the operation manual

Conclusions and recommendations

The study proved that the flood attenuation effect of dams depends strongly on the other purposes for
which they are designed, and on the corresponding available flood retention volume at the moment of
the flood’s arrival. In the case of relatively small catchment areas like that of the Hostivaf Dam, the
flood intensity and arrival time is significantly influenced by land use changes, i.e. the transformation of
agricultural and forest land into industrial areas. A certain effect can also be achieved by the operation
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of appurtenant works before and during the flood. However from Figs. 3 and 4 it can be seen that on
the rising limb of the hydrographs between the discharges 65 and 70 m®/s the inflow is equal to
outflow with stagnating reservoir water level. This operation overrides the effect of all previous
manipulation (including pre-emptying) on the flood attenuation.

In connection with the future performance of the dam and related flood services the following
recommendations were made in the study:

- Newly built industrial and warehouse facilities should be equipped with efficient retention and
infiltration systems which eliminate rapid runoff from solid impervious surfaces.

- The operation manual must be rewritten and improved, taking into account the new
experience obtained during the flood in June 2013. It was recognized that pre-emptying of the
reservoir has practically no effect on the flood attenuation. Moreover in the case of faulty or
inaccurate flood forecast with lower flood volume the reservoir may suffer from the water
deficit which harms the reservoir use for recreation.

- A warning plan should be drawn up for the Hostivai Dam, for the owners of the recreational
facilities and also for the area below the dam. It should be based on the general weather
forecast (which for such a small catchment is of limited reliability and general significance),
data online from the gauging stations in the catchment, and on the current situation at the
Hostivaf Dam and anticipated operational measures to be taken.
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Souhrn

Hlavnim ucelem vodniho dila Hostivai na toku Boti€ v Praze je rekreace. Poloha hladiny vody v nadrZi
je v letnim obdobi vazana smluvné mezi vlastnikem dila Hlavnim méstem Praha a najemci koupalisté
a toboganu. Druhym ucelem vodniho dila je dle manipulaéniho Fadu zmirnéni prabéhu povodni. PFi
prognéze povodné se doporucuje pfedvypoustét nadrz.

V &ervnu roku 2013 byla vychodni ¢ast Ceské republiky zasaZzena extrémni povodni. Doba opakovani
na pritoku do nadrze Hostivaf byla zhruba 500 let. V ¢lanku jsou uvedeny vysledky hodnoceni
pribéhu povodné v ¢ervnu 2013 v povodi Boti¢e a zplsob manipulace na prehradé Hostivar. Ukazalo
se, ze nadrz svym relativné malym retenénim ale i celkovym objemem nema vyznamné;si
protipovodnovy ucinek. V pfipadé nespolehlivé - nadhodnocené hydrologické predpovédi muze
predvypusténi nadrze vést ke stavu, kdy se nadrz po povodni nenaplni a tim dojde k poruSeni
smlouvy mezi vlastnikem dila a provozovateli rekreaCnich zafizeni. Zavére¢na doporu€eni smérfuji k
Upravé manipula¢niho fadu a vypusténi ochranné funkce z Uc€elt nadrze. Omezeny transformaéni
ucinek nadrze Ize povazZovat za vedlejSi uc€inek vodniho dila.
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Prof. Ing. Jaromir Riha, CSc.
Phone: +420 541 147 753, e-mail: riha.j@fce.vutbr.cz
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Abstract

The Cultural Ecosystem Services provide recreational, educational, spiritual and aesthetic benefits to
people. The prime areas for natural-based tourism (and other forms of recreation) are evidently those
that are legally protected, since they offer the best guarantee for maintaining their attractiveness in
the long term. Indeed, the authenticity and quality of an environment, or of some particular feature of
it, is frequently the primary motivation for tourists. The landscape of Mala Fatra National Park is very
attractive for tourists due to the very diverse geological substrate, with changing varied minerals of
different erodoproofness, in shallow layers, which leads to a high diversity of relief. Smoothly modelled
shapes of core granites and quartzites are changing with morphological depressions in marls, shales,
and sandstones. In contrast, upon limestones and dolomites of Triassic age, karst phenomena have
developed including canyons, chasms, gorges, caves, towers, cliffs, etc. A representative example of
high landscape attraction for tourists is Vratna Valley, with small settlement Stefanova. The
surrounding landscape of this settlement was for the long term used for agriculture. Traditional
management of mountain meadows was based on grass cutting once per year and on extensive
usage of pastures for sheep and cattle grazing. Since 1990 these meadows were given back to their
original private landowners because of restitutions. However, during last years majority of these
landowners have no more managed these meadows (also due to economic reasons). In abandoned
meadows started dendroflora succession and landscape in Vratna Valley is changing in front of our
eyes. In 2014 the scientific team of Matej Bel University in Banska Bystrica resumed the bio-ecological
research in Vratna Valley to detect changes in biodiversity and ecosystem structure on along
temporal scale. Special attention will be given to dendroflora succession on meadows, which changes
also the landscape character and biodiversity structure.

Key words: ecological succession, cultural ecoservices, ecotourism, recreational activities,
abandoned meadows, Mala Fatra National Park

Introduction

Ecosystem services are the benefits that people obtain from ecosystems. These include provisioning,
regulating, supporting and cultural services. Provisioning services provide direct ecosystem products
(e.g. crops, fruits, game and fishes, fuel, wood, fibre, water, genetic and medicinal resources).
Regulatory services provide benefits from regulation of ecosystem services (e.g. regulation of climate,
soil protection, pollination). Cultural services denote non-material benefits (e.g. aesthetic, recreational,
scientific, educational and spiritual benefits). Supporting services are crucial for safeguarding life on
the Earth (e.g. soil formation, photosynthesis, nutrient cycling, habitats for biodiversity).

The human species, while buffered against environmental changes by culture and technology (to
a certain extent), is fundamentally dependent on the flow of ecosystem services. The conceptual
framework for the Millennium Ecosystem Assessment posits that people are integral parts of
ecosystems and that a dynamic interactions exists between them and other parts of ecosystems. The
growing anthropogenic pressure approaches or overshoots the biosphere limits (Rockstrom et al.,
2009) and drive, both directly and indirectly, changes of ecosystems, thereby causing changes in
human well-being (Millennium Ecosystem Assessment, 2005).

The total global value of the whole ecosystem services in 2011 was calculated to 125 trillion of USD
(Costanza et al., 2014). However, we face the degradation of the 60 % of global ecosystem services
(Millennium Ecosystem Assessment, 2005). Although the Millennium Ecosystem Assessment
emphasizes the linkages between ecosystems and human well-being, it recognizes that the actions
people should take that influence ecosystems result not just from a concern about human well-being
but also from considerations of the intrinsic value of species and ecosystems. Intrinsic value is the
value of something in itself and for its own sake, irrespective of its utility for people.

- 247 -



High biological complexity of organisms and ecosystems causes that changes in drivers that indirectly
affect biodiversity (e.g. growth of the human population, consumption, change of the lifestyle and
technology), can alter also drivers directly affecting biodiversity (e.g. land.use change, pollution,
overexploitation, invasive species and climate change). These result in changes to ecosystems and
the services they provide, thereby affecting human well-being. The causes of changes in biodiversity
and the ecosystems include, for example, changes in traditional local land use and land cover. After
leaving the traditional method of using agricultural land in Vratna Valley started ecological (mainly
dendroflora) succession, which changes landscape characteristic and biodiversity of ecosystems.

In terms of the recreational use, Mala Fatra Mts.became in the 20‘hcentury the second most attractive
mountain areas in Slovakia (the first one arethe High Tatras). Vratna Vallley has become the center of
summer and winter recreation and mountain tourism. This valley includes also the permanent
settlement Stefanova actually consisting of about 30 families. From the 19" century surroundings of
this settlement were used only for farming — sheep and cattle grazing and mowing meadows. The
transfer ofownership of landto the original owners after 1990 and also economic depression of the
Slovak agriculture led to the abandonment of traditional agriculture and orientation to tourism led to
the rebuilding of housesfor recreational purposes. On the abandoned meadows and fields secondary
vegetation succession began, shrubs first and the trees later. This caused a subsequent change in
biodiversity of ecosystems and characteristic features of traditional agricultural landscapes.

The attractiveness of the recreation area for a long-term recreation is valued according to weighted
proportions of the following recreation factors: climate, water (esp. waterfalls), rugged topography
(according to altitude, surface formation and presence of rock and caves), organic life (forest cover,
vegetation, wildlife), national monuments, and — in negative sense — pollution and other forms of
habitat degradation, e.g wood cutting, soil erosion on touristic trails and trampling of vegetation
(Papéanek, 1972, 1974, 1975, 1978). All this factors are significant for Vratna Valley.

Study area

The westernmost mountainous area of the Western Carpathians is Mala (Small) Fatra, which is
divided into 2 subunits: Krivanska Fatra and Lu€anska Fatra (Midriak, 2003). The Mala Fatra
orographical complex is the third highest in the Western Carpathians after the High and Low Tatras. It
is located in north-western part of the Slovak Republic. In 1967 the Krivanska Fatra Mts were declared
as Landscape Protected Area (LPA) Mala Fatra (Pagac, Volos€uk, 1983), and in 1988 this area was
declared as the Mala Fatra National Park (NP). The territory of the NP is approximately equal to the
Krivanska Fatra orographic complex. The area of the NP is in the shape of an asymmetric ellipse with
the length about 26 km and the width about 12,5 km. The total area of the national park territory is 45
892 ha. The core zone is spread over 22 630 ha, whereas the area of the peripheral protection (buffer)
zone is 23 262 ha The elevational range of the NP is from 358 m (Hradsky potok stream) up to 1709
m (peak Velky Krivan). There are 30 strict protected areas (nature reserves) in Mala Fatra NP. The
complex geological evolution, the great variety of relief and a full range of altitudes with bright micro
and mezo climatic ratios, necessitated a great variety and richness of flora and fauna (VoloScuk,
1999).

Scientific research of Krivanska Fatra Mts. landscape and ecosystems dates back to 18 century.
Deepening scientific research occurred in the 19th and 20 th century (Pagac, Volos€uk et al., 1983). In
1972 — 1974 the former Administration of Mala Fatra LPA organized the complex landscape ecological
research. The results of research were published in the scientific monograph (Janik, Stollmann et al.,
1988). In the years 1970 - 1988 the Administration of Mala Fatra LPA organized inventory research of
all natural reserves in LPA with the aim to apply and transform scientific knowledge into practical
management of ecosystems. In 1995 - 1998 Department of Forest Ecology of the Slovak Academy of
Sciences in Zvolen realized Grant project No. 95/5305/590 GAT “Quantification of anthropogenic load
regions Mala Fatra on biotic and abiotic indicators and biodiversity" (Kornan, 1998).

In 2014 the research teamwork of the Research Institute of Landscape and Regions of the Faculty of
Natural Sciences, Matej Bel University in Banska Bystrica, started in Mala Fatra NP a scientific
research within the framework of grant project VEGA No 1/0255/14 “The dynamics of landscape
structure, diversity of phytocoenoses and indication of solar energy dissipation in selected ecosystems
of the Mala Fatra National Park“ planned for the years 2014 - 2016.

The repeated landscape-ecological and forest and non forest geobiocoenological research of Mala
Fatrais focused on two landscape-ecologically different areas. The first area are unique limestone-
dolomite complex ecosystems in National Nature Reserves of Vratna Valley (Rozsutec, Chleb,
Tiesflavy) with adjacent grasslands and communities in altitudinal range of 600 to 1 610 meters. The
second group is the geobiocoenoses of crystalline rocks (granodiorite) in the western part of the Mala
Fatra, altitudinal range from 360 to 1369 mabove see level.
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Materials and Methods

The research areas are situated on meadows surroundings of the Stefanovéa settlement and on forest
beech ecosystems of Rozsutec National Nature Reserve, situated in successional stages of optimal
and aging. The ecological studies on grassland communities focused on mown meadows and non-
mown meadows located above the village Stefanova, at the foot of National Nature Reserve
Rozsutec. In high diapas on meadows merge in to the original beech forests with spruce and maple.
Phytosociological records (forest plant communities in an area of 20x20m) collected summer aspect of
forest and non-forestplant communities. Phytosociological relevés were performed by the conventional
methods of Zirich-Montpellier school (Braun-Blanquet, 1964; Westhoff, van denMaarel, 1978).
Abundance and dominance of the vascular plant species were noted according to the modified 9-
membered Braun-Blanquet scale (Backman et al., 1964). In the botanical entries of grassland
communities helped Dr. Anna DoboSova, botanist of Mala Fatra National Park.

In the forest communities three layers were distinguished-herbaceous layer E1, shrub layer E2 (1-3 m)
and tree layer E3 (height more than 3 m). The results were analysed in EXCEL and JUICE
programmes (Tichy, 2002). The names of plant species are listed by according to Marhold and
Hindak(Marhold, Hindak, 1998). In this paper only partial results of research in the summer 2014th are
presented. The analysis of phytosociological relevés enables to describe the temporal changes in
vegetation, and to assess the environmental changes based on indirect information provided by the
Ellenberg indicator values (Krizova, Ni¢, 1997).

During ecological succession the complexity of the ecosystem increases. Our methodologyof the
ecologicalcomplexity assessment isbasedonevaluation of both of its functional and structural
dimensions. This includes the assessment of the relativecapacity of individual ecosystems to dissipate
solar energy as well as the calculations of species diversity and anthropophytisation of vegetation
(Jorgensen, Svirezhev, 2004; Sabo et al., 2011). As the capacity of solar energy dissipation (SED) by
ecosystem depends also on other environmental factors (esp. on the flow of solar energy, air and soil
temperature and humidity), the SED of individual ecosystems can be compared only if the
measurements are realized parallelly and in blocks of relatively stabile anticyclonal weather.

Our research project VEGA is focused also on dendroflora succession in non-forest ecosystems
(meadows) on derelict and abandoned meadows and on bio-ecological assessment of extent of
promotion or expansibility trees, by the way the timber growing (Volosc¢uk et al., 2011). The data will
be used in order to forecast trends and changes caused by changing of ecological conditions.

The Vratna Valley in Malad Fatra NP in terms of tourism is a very attractive area. The research on
framework of VEGA project in 2015 — 2016 will focus on analysis of the current state of tourism
pressure on conservation and then to predict the future development of tourism in order to support the
potential of ecotourism for sustainable development of the region.

Results and Discussion .
Ecological characteristics of meadows in Vratna Valley near Stefanova settlement expressed by
Ellenberg ecological numbers is shown in Table 1.

Tab. 1: Ecological characteristics of the first studied meadow patches near Stefanova

The site / Ellenberg number 1 Light Warm Contllnen Moisture S.O'l reac- | Nutrients
-tality tion (pH)
Mowed mead?w S|'t'e (S1-49°14 74 46 3.6 50 6.4 46
10,9")
Reliability (avgrage proportion of plants 0,97 0.31 0.87 0.88 0,69 0.84
evaluated with an Ellenberg number)

Unmowed meadow site (S2) 7,2 5,0 3,9 5,5 6,5 4.6
Reliability of Ellen. numbers calculation

(relat. abund. of the evaluated taxons) 0,93 0,55 0,79 0.74 0,57 0,79

Beech forest site (S3) 4,3 4,7 3,7 5,3 6,8 54
Reliability of Ellen. numbers calculation

(relat. abund. of the evaluated taxons 47 31 43 41 30 41

S1: Shannon - Wiener index: 3,28;
S2: Shannon - Wiener index: 3,46;
S3: Shannon - Wiener index: 2,87;

Evenness: 0,83;
Evenness: 0,87;
Evenness: 0,74;

Species richness: 53
Species richness: 54
Species richness: 49

In the case of abandonment of traditionally mowed meadows the spontaneous succession can be

assumed during which grasslands are gradually overgrown by shrubs and trees (beech, maple, fir,
spruce less) and former meadows are transformed into forests. Perhaps it can be seen on the
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example of former meadows of Stefanova that after leaving cutting 40 years ago, mostly overgrown
with spruce mixed in maple and beech. As can be seen from table 1 succesion includes a shift of the
phytocoenoses composition towards species requiring more nutrients.

The ecological characteristics of natural beech forest expressed by Ellenberg ecological numbers is
shown in Table 2.

Tab. 2: Chemical analysis of Cambisol on marly limestones in beech forest research plot S3 (Volos&uk, 1981)

Depth cm Soil reaction pH/H,O C% N % C/N
0-3 6,10 - - -
3-15 7,18 4,97 0,386 12,8

30-40 7,88 2,33 0,182 12,8

Ecological succession can be explained by means of the non-equilibrium thermodynamics theory
(Kay, 2000). According to it, in the sense of the 2nd Law of Thermodynamics an ecosystem ,is
compelled” to react to the growing supply of nutrients and energy accumulated during succession in
biomass and in soil. This growth of the supply of available energy leads to the spontanneous
development of more complex dissipative structures and dissipative processes (Jérgensen, Svirezhev,
2004). This includes spontaneous change of the biocoenosis composition with the ,aim® to increase its
capacity to dissipate both incoming solar energy and accumulated one (in the form of organic
compounds) through new pathways. This is the way to renew the ecosystem energetic balance and is
reflected also in the increase of the proportion of K-strategists (on the cost of r-strategists decline) and
increase of the size of the gilds on higher trophic levels, due to higher amount of energy accumulated
on lower trophic levels (Wurtz, Anilla, 2010).

Overgrowing by trees and change of meadows into forests has no direct negative impact on
recreational land use. However, saving at least some of the abandoned species rich meadows (below
the timberline) will contribute to development of new, soft ways of tourism, esp. ecotourism, based on
environmentally friendly trips into wildlife (Ceballos — Lascurain, 1996). Apart from the increased
quality of the authentic tourist experience, ecotourism supports also wildlife protection and economy of
local communities.

Succession processes of shrubs and trees on abandoned pastures can be evaluated from two
aspects. Scientific environmental aspect involves a different view of botanists and foresters. From a
botanical scientific point of view overgrowing meadows shrubs and trees causes a reduction in herbs
and grasses biodiversity. This can have a negative impact on the cultural ecosystem services. Tourists
mostly positive perceive a colorful spring and summer aspect of the foothill grassland communities,
because it produce positive aesthetic experience. This aspect also show text on panels of educational
nature trails throughout the Vratna Valley. On one of the panels is the text “I am plucked a flowers and
they strife, | caught a butterfly and died in my palm, | understand that beauty can be touched only with
the heart’. From the perspective of botany and recreational tourism is overgrowing trees of meadows
aegative phenomenon. A similar view has DoboSova on the succession in the sub-alpine meadows of
Mala Fatra (DoboSova, 2002).From the point of view of the forest overgrowing of abandoned
meadows is natural successional process, which aims to forest climax. In terms of recreation is very
important to the tourist trail was a good view of the attractive landscape with dominating cliffs, ridges,
waterfallsand canyons.

Forestry ecologists perseived positive transformation of meadows to forsts because of the increased
resilience of ecosystems. Botanically researchers point out, however, negative effect of reduction of
biodiversity. The gradual overgrowing of grassland areas by trees results in a substantial change in
the diversity of the herb layer. This is, however, recognized only by scientists and experts. Tourists in
their “short term view” mostly do not see a change of grassland space in to forests as something
negative. However, there are studies that manlooking at the landscape suits just an open space with
flowering meadows, which are for the average touristits charm. In terms of tourism, it is necessary
esp. to recalla very bad state of hiking trails (severe erosion, shortening paths, bare rooted trees,
trampling of vegetation) in some parts of the Small Fatra National Park and its national nature
reserves.

Conclusion

In this paper we present a gradual change of grassland communities into forests due to abandonment
of mowing and grazing by local people of Stefanova village. The theory of non-eqilibrium
thermodynamic teaches us that abandonment of the management of the meadows below the
timberline necessarily leads to ecological succcesion, the main driving force of which is the energy
which accumulates in the biomass of abandoned meadows. This process is in the current socio-
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economic situation unstoppable because the people of the Stefanova settlement no longer use their
land for agriculture but are focused on tourism development.

Effect of succession of dendroflora in the abandoned meadow communities sharply changes the
diversity of herbaceous communities. But currently it does not havea high negative impacton the
capacity of cultural ecosystem services-the aesthetic perception of landscape, recreation, leisure,
exploring enormously interesting karst relief of gorges and rocky towns, etc. However, also the interest
in nature tourism is growing (and is expected to grow) and its sustainable soft form is represented just
by ecotourism. From this point of view, the complete loss of species rich seminatural meadows below
the timberline would mean also a decrease of available options for future ecotourism trails in the area.
Therefore we recommend the local inhabitants, the municipality in Terchova and the tourist agencies
to join their capacities and to safeguard mowing of meadows at least on a small and economically
feasible proportion of these meadows. This would be an investment both to biodiversity protection as
well as to the ecotourism development in the area.
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Souhrn

Kulturni sluzby ekosystému predstavuji pro ¢lovéka rekreaéni, vychovny, duchovni a esteticky uzitek.
Primarnimi Uzemimi pro pfirodni turistiku (a také jiné formy rekreace) jsou evidentné ta duzemi, které
maji pravni ochranu, protoZe poskytuji nejlepSi zaruku zachovani jejich atraktivity v dlouhodobém
horizontu. Pro turistiku zpravidla jsou prvotni motivaci autenticita a kvalita pfirodniho prostfedi, nebo
nékterych jeho sloZek. Krajina Narodniho parku Mala Fatra je pro turistiku velmi atraktivni diky velké
rozmanitosti geologického podkladu, s velkym poctem hornin rizné odolnosti vici erozi, s velkou
rozmanitosti povrchovych tvard a vysokou biodiverzitou. Na podlozi slind, bfidlic a piskovclu se
vyskytuji mékce modelované povrchové tvary. Na vapencich a dolomitech jsou vyvinuty atraktivni
krasové jevy (kanony, soutésky, propasti, jeskyné, kamenné véze, mohutné soutésky, kuzely a pod.).
Reprezentativni ukazkou atraktivni zemé pro turisty je Vratna dolina s malou osadou Stefanova. Okoli
této osady se dlouhodobé vyuzivalo na zemédélstvi. Tradi€ni management téchto horskych luk byl
soustfedén na seceni luk jednou ro¢né a na extenzivni paseni ovci a dobytka. Po roce 1990 v ramci
restituce tyto louky a pole byly vraceny plvodnim vlastnikim. V poslednich desetiletich je vSak
vlastnici pozemkl nevyuzivaji tradicnim zplsobem (pfi€inou jsou i ekonomické podminky). Na
opusténych loukach a pastvinach se zacala Sifit dfevinna vegetace a krajina Vratné doliny se na
mnoha mistech o€ividné zménila. V roce 2014 tym védcl Univerzity Mateja Bela v Banské Bystrici v
ramci védeckého grantu zacal uskutec¢fiovat bioekoliogicky vyzkum ve Vratné doliné, zaméfeny na
studium sukcese dendroflérou na opusténych loukach v okoli osady Stefanova, ktera zplsobuje
zménu krajinného razu a struktury biodiverzity.

References

Barkman, J.J., Doing, H., Segal, S., (1964): Kritische Bemerkungen und Vorschlange zur quantitativen
Vegetationsanalyse. In Acta Bot. Neerl., 13, p. 349 — 419.

Braun-Blanquet, J., (1961): Die inneralpine Trockenvegetation; von der Provence bis zur Steiermark.
Gustav Fischer Verlag, Stuttgart.

Braun.Blanquet, J., (1964): Pflanzensoziologie. Grunzuge der Vegetationskunde. Ed. 3. Springer-
Verlag, Wien, New York, 865 pp.

Ceballob - Lascurain, H., (1996): Tourism, ecotourism and protected areas, IUCN, The World
Conservation Union, Gland, 301 pp.

Costanza, R., De Groot, R., Sutton, P., Van Der Ploeg, S., Anderson S.J., Kubisyewski, I., Farber, S.,
Turner, R.K,, (2014): Changes in the global value of ecosystem services. Global Environmental
Change, vol. 26 (May 2014), s.152-158.

Ellenberg, H., Weber, H.E., Dull, R., Wirth, V., Werner, W., Paulissen, D., (1992): Zeigerwerte von
Pflanzen in Mitteleuropa. Scripta Botanica XVIII. Verlag Erich Golze, Géttingen, p. 90 - 166.

Janik, M., Stollmann, A. (eds.), (1981): Rozsutec $tatna prirodna rezervacia. Vydavatelstvo Osveta
Martin1132 pp.

Jorgensen, S.E., Svirezhev, Y.M., (2004): Towards a Thermodynamic Theory for Ecological Systems.
Elsevier, Oxford, United Kingdom, 366 pp. ISBN 0-08-044166-1

-251-



Kay, J. J., (2000): Ecosystems As Self-Organizing Holarchic Open Systems: Narratives and the
Second Law of Thermodynamics, In: Jorgenses,S.E., Miiller, F. (eds): Handbook of Ecosystem
Theories and anagement, CRC Press —Lewis Publishers, p. 135-160.

Kornan, M. (ed.), (1998): Vyskum a ochrana Krivanskej Fatry. Technicka univerzita vo

Zvolene. ISBN 80-968107-2-3.

Krizova, E., Ni¢, J., (1997): Fytocenoldgia a lesnicka typologia. Navody na cviCenia, Zvolen:
Technicka univerzita, 106 pp.

Marhold, K., Hindak, F. (eds.), (1998): Zoznam niz8ich a vy3sich rastlin Slovenska. Veda, Bratislava,
687 pp.

MILLENNIUM ECOSYSTEM ASSESSMENT, (2005): Ecosystem and Human Well-Being. Synthesis.
Island Press, Washington, DC.

Midriak, R. (ed.), (2011): Spustnuté pody a pustnutie krajiny Slovenska. Institat vyskumu krajiny a
regiénov, Centrum vedy a vyskumu, Univerzita Mateja Bela, pp. 184 — 213.

Midriak, R., (2003): The Mountain Areas of the National Parks in the Slovak Republic. The
Monographical Studies on National Parks , 4. Technicka univerzita vo Zvolene, 58 pp. ISBN 80-228-
1357-5.

Pagac, J., VolosCuk, I. (eds.), (1983): Mala Fatra chranena krajinna oblast. Vydala Priroda, Bratislava,
356 pp.

Papanek, F., (1972): Rajonizacia lesov podla ich rekreagnej funkcie. Zavere&na sprava VULH Zvolen.
Archiv VULH vo Zvolene.

Papanek, F., (1974): Ocenenie rekreacnej funkcie lesa. Vedecké prace Vyskumného ustavu lesného
hospodarstva, 19, Priroda, Bratislava, 231-256 pp.

Papanek, F., (1975): Rekreacia ako environmentalny uZitok lesa. Lesnicky &asopis &. 2/1975.
Papanek, F., (1978): Tedria a prax funkéne integrovaného lesného hospodarstva. Lesnicke Studie &.
29. Vydala Priroda, Bratislava pre Vyskumny ustav lesného hospodarstva vo Zvolene, 218 pp.
Rockstrom, J., Steffen, W., Noone, et al. Planetary Boundaries: Exploring the Safe Operating Space
for Humanity.Ecology and Society 14(2). 32 s.

Sabo, P., Turisova, ., Uhliarova, E., Svidron, |.,Hladka, D., (2011): Ekologicka integrita ekosystémov a
krajiny a jej zmeny na vybranych spustnutych pédach a zalesnenych plochach. In

Tichy, L., 2002. JUICE, software for vegetation classification. Journal of Vegetation Science,
13:451-454.

VoloS¢uk, I. (eds.), (1999): The National Parks and Biosphere Reserves in Carpathians. The Last
Nature Paradises. ACANAP Tatranska Lomnica, 248 pp. ISBN 80-88680-31-X.

VolosC€uk, I. et al., (2011): Dynamika sukcesnych procesov dendroflory, Struktury a ekologickej
integrity ekosystémov Slovenského krasu. Univerzita Mateja Bela, 340 pp. ISBN 978-80-557-0296-4.
Westhoff, V, Van Den Maarel, E., (1978): The Braun-Blanquet approach. In: Whittaker, R.H. (ed.).
Classification of plant communities, W Junk, The Hague, p. 289 — 399.

Wurtz, P., Anilla, A., (2010): Ecological succession as an energy dispersal process. Biosystems, 100
(1), 70 — 78.

Contact:
Prof. Ing. lvan Volos¢uk, DrSc,
E-mail: ivoloscuk@azet.sk

Ing. Peter Sabo, CSc,
E-mail: peter.sabo@umb.sk

RNDr. Martina Skodova, PhD,
E-mail: martina.skodova@umb.sk

Ing. Juraj Svajda, PhD,
E-mail: juraj.svajda@umb.sk

RNDr. Anna DoboSova
E-mail: anna.dobosova@sopsr.sk

-252 -



Annexes

Fig. 1: Meadows around Stefanova serttlement Fig. 2: Mowed (right) and nonmowed (left)
in Vratna Valley meadow

Fig. 3: Succession of dendroflora on Fig 4: Succession of spruce on subalpine
nonmowed meadow meadows in Medziholie saddle under Velky

Rozsutec peak

Fig. 5: Climax Beech Forest under Velky Fig. 6: Bad state f hiking trails —are rooted
Rozsutec peak (research area S3) trees

Fig. 7: Erosion on hiking trail
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THE RESTORATION OF AN OLD EXTENSIVE ORCHARDS - THE REALIZATION PERSPECTIVE
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Abstract

The current European Operational Programs in environmental conservation and protection available in
the Czech Republic for the past 5 years significantly affected the selection of implemented measures.
Among the supported environmental friendly measures was the restoration of old extensive orchards.
This brought up many questions as well as challenges on how to best address the issues connected
with the projection, planning and implementation of the renewed orchards all finally leading to the
restoration itself. It also showcased the rather unpleasant current state of these often abandoned
landscape features. Using own experience with the creation of such orchards, the author discusses
the aims of their restorations, their traditional as well as recent usage but most importantly, the staging
of the restoration itself like ground preparation, turf establishment, tree planting and tree protection.
Finally potential aftercare and maintenance is presented.

Key words: European Operational Programs, tree planting, orchard maintenance

Introduction

The traditional orchards where often founded on communal land and were managed by the
municipality. They would be founded on steep slopes, in rough terrain or other places not suitable for
agriculture. Therefore, the shape of old orchards was often small irregular and somewhat nature-like.
As opposed to productive orchards, trees would be used in standard (or half-standard) forms with
trunks of 2 meters or more to ensure longevity. Oftentimes, the municipality would rent individual trees
in a public auction each year to the people who would then take care of the trees in their own way,
being able to sell or use the fruit from the tree as their own. This way the whole community would
participate in the management of the orchard and the orchard would become a permanent source of
income for the municipality and the people alike. Certain families or individuals would hire the same
tree each year. This way, important bonds would be formed by the people to the landscape. The
sward of the orchard floor would be oftentimes used for either grazing grounds for cattle or as a
source of hay, therefore repeated management measures would be carried out somewhat
unconsciously, yet functionally. The trees would get pruned by their tenants and the sward would be
mowed or grazed. This way, traditional extensive orchards have become a semi-natural habitat that
has played an important integral role in the rural landscape for centuries as a source of livelihood,
aesthetic and cultural value, recreation, biodiversity and in many cases erosion control (Ekodomov,
2012, BaraSova, 2013).

A big portion of the traditional orchards have been abandoned and neglected in the last 20-30 years in
the Czech Republic (CR), following the changes in 1989 (The Velvet revolution). The reasons are
many, mostly connected to the instability of the political regime leading to shattered land ownership
and breakage of the bonds people formed to the landscape, people refusing to live on the countryside
and moving to cities as a result of change in the social paradigm. Nonetheless, abandoned orchards
are a common thing in the current countryside. The condition of the neglected orchards and its trees
may vary. Usually after 20-30 years of spontaneous natural development, the old fruit trees are
swamped by dense thicket of scrub (rose Rosa canina, hawthorn Crataegus monogyna, blackthorn
Prunus spinosa, hazel Corylus avellana etc.) or shadowed by fast-growing forest tree species (Aspen
Populus tremula, field maple Acer campestre, hornbeam Carpinus betulus, ash Fraxinus excelsior and
other species). The restoration is therefore a rather complex task often requiring a lot of ground works
and mechanization. Careful assessment is vital for deciding what management measures should be
undertaken in order to restore the orchard. However, they should always include the management of
the old trees, planting new trees and the management of the orchard floor and any other important
features such as hedgerows, ponds etc.

With the introduction of European operational programs in 2007, a paradigm shift took place in what is
actually possible to carry out in the landscape. Before this “age of grants” the activities of nature
protection and conservation were mostly limited to special protected areas. In 2007, the open
landscape became the playground of choice, thus enabling to finally take care of old abandoned
landscape formation, such as old extensive orchards.
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Materials and methods

As stated above, the original purpose of the orchard was mostly fruit production along with grazing.
However, this might not be the case when restoring it. It is important to take into account the future
usage of the orchard. Usually it will be a combination of modest fruit production and grazing
possibilities, preservation of its aesthetic, historical and cultural value and nature protection. Any
human activities such as bee-keeping, haymaking, juice production should be welcomed and
supported. All of this will help the orchard to “stay alive” and not be neglected again. The aims and
objectives will likely affect the way the whole restoration goes, types of tree planted, management of
old trees, fencing, tree guards etc.

Once the assessment has been done and aims have been defined, the restoration should proceed in
following stages: 1. Orchard floor preparation, 2. Old tree management, 3. Turf establishment, 4. Tree
planting, 5. Maintenance

Orchard floor preparation

Orchard floor preparation includes all the works needed to obtain a clean-tilled orchard floor for future
turf establishment and tree planting. It consists of eradication of unwanted tree species and scrubs
and tillage to achieve a flatter orchard floor (Herrera, 2005). The fruit trees need a special micro-
climate with sufficient sun and air. Even though, some shrub species might be of botanical or wildlife
interest, those should be only confined to grow in the peripheral parts of the orchards along its edges.
Amongst the fruit trees all shrubs and other vegetation should be removed. Practice shows that it is
possible and very efficient to burn the wood material on the spot as long as there are open spaces in
the orchard where the fire can burn without damaging the fruit trees. Very important is to remove all
the belowground parts of shrubs as well to prevent them from coppicing. Coppicing of stumps is a
rapid process in the 3-5 years after thinning and can cause huge problems with proper turf
establishment and orchard management and requires demanding field work which is both pricy and
time consuming. Also if the cutting of coppice is not carried out periodically it can cause the failure of
the whole restoration. The easiest way is to use a forestry mower/mulcher of acceptable size that is
capable of preparing the orchard floor up to 20 cm below ground which should be sufficient to prevent
the coppicing of stumps and roots. Also, the mulch material is appropriate for following turf
establishment.

Old tree management

Old trees take a long time to grow and their aesthetic, cultural and historic value increases over time. It
can be argued that the trees are the most important part of the orchard. Therefore special care should
be devoted to them. The trees should be checked individually. However, their condition is very hard to
evaluate if located in a dense canopy of overgrowing shrubs and forest trees. Oftentimes, proper
assessment is only possible after the orchard floor has been cleared. It is useful to divide the trees into
categories according to the type of treatment. It should be sufficient to define trees that will be either
cut down or pruned or left as torsos. Most of the trees should be restoratively pruned and remedied if
at all possible. However, their expected life span should be taken into account (apple/cherry 80-120
years) (TINO18, 2010). If their potential future is short, close to 10 years, it is reasonable to consider
their replacement. At the same time if the trees are damaged by a pathogen or cause a hazard to
people and livestock their removal is well justifiable. A nice way of preserving the value of old trees as
well as their function as habitat for insects, birds and wildlife as a whole is to leave some dead trees
standing as torsos. Branches should be shortened and the tree should be cut lower to minimize the
hazard of fall. This way, the tree does not take up much space, yet provides an increased ecological
value to the locality.

Turf establishment

In the extensive orchards the turf plays a very important role. Not only is it a level, solid working area
for labor and equipment as in productive orchards (Huffman, 2013) but more importantly is a habitat
for helpful insects for pest control such as Ladybird Coccinela sp., Lacewing Chrysoperla sp., Ground
beetle Carabus sp., Giant Ichneumon Rhyssa sp. or arachnids. Therefore it is important to use a
mixture of grass and plant species typical for rich florid meadows (Ekodomov o.s., 2012). At the same
time some fruit tree pests develop on certain hosts which should be avoided, such as reed Phragmites
sp., hops Homulus lupulus (Pultar, 2007). The best time to plant grass seed is early fall. Ideally, the
grass seed should be planted on a wetter day after all mechanization has finished to avoid compaction
and rutting to obtain the best possible conditions: a proper seedbed, cooler temperatures, and good
soil moisture.
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Tree planting

Tree planting should be carried out according to the legislative framework by the norms CSN DIN 18
915 -18 920 Sadovnictvi a krajinarstvi (horticulture and landscaping). It is important to choose
appropriate planting material. It is most suitable to use the same tree forms and species and planting
pattern as in the original orchard, usually standard- or half-standard-form trees. That way the
continuity of the orchard is ensured and the restoration can be gently integrated in the landscape. The
key action remains proper tree guard. There are a number of options and each of them has its
limitations. As usual, a combination of several attitudes brings the best results. Where it is reasonable,
standard forestry fencing should be used. It is the best possible protection against big game and roe-
deer in the early years after planting and can be easily removed after the danger has passed
(approximately 5 years). However, the fence does not protect against another important species, the
hare is capable of jumping right through the fence. Therefore individual tree protection is also required.
Also, the young trees need to be protected from weed, most importantly during the first 3 month after
planting. To ensure a big enough weed-free area around young trees, mulching can be used as it
suppresses weeds as well as keeps moisture in the soil.

Maintenance

The maintenance can be divided into two parts, maintenance of the turf and maintenance of the trees.
According to the objectives and purposes of the restored orchard defined before its restoration, the
maintenance may differ as well. Nonetheless, the grass will come up 2-3 weeks after a good rain and
it is important to start the first mowing early enough to prevent weed escapes from choking out the
grass and/or going to seed. Following this early period the turf should be mowed repeatedly and
periodically 2 times a year. The time of the mowing should correspond to the mixture of the species in
the turf to allow full flowering of the species. The maintenance of the trees in an extensive orchard has
its own specifics. The pruning should maintain the balance between the needs of the tree and the
organism living in it. The pruning should not be done too often rather the tree should be left to grow
according to its own nature. However maintenance pruning should be carried out to remove dead or
damaged parts of the tree, when showing obvious signs of disease, decay etc. It is best if the pruning
is carried out in the long-term repeatedly every once 3-5 years, rather than heavy pruning in a one-off
hack, which may result in over-pruning and damage to the tree vitality (BoCek, 2008).

Results

With the current changes and paradigm shifts to both the society and the grant politics of European
Union the attention in nature protection and conservation in the CR turns to the open landscape scale.
This means that it is reasonable to expect an increased attention of stakeholders (mainly
municipalities) towards old extensive orchards as one of the most interesting landscape features in the
countryside. Many of the old orchards have been neglected and abandoned in the last 20-30 years.
Because of the current high demand for building sites and arable land it will probably not be too
common to create new orchards, rather the restoration of old abandoned ones will be demanded.
While the original purpose of the extensive orchards was mostly fruit production along with grazing, it
will probably not be the exact same case when restoring it. Usually it will be a combination of modest
fruit production and grazing possibilities, while at the same time the preservation of its aesthetic,
historical and cultural value and nature protection. Any human activities such as bee-keeping,
haymaking, juice production should be welcomed and supported. All of this will help the orchard to
“stay alive” and not be neglected again.

Before any restoration activities take place in the orchard a thorough assessment should be
elaborated. During this assessment the expected purposes of the restored orchard should be defined
so that they can be properly addressed during the restoration process. The restoration process itself
consists of consecutive steps. The first step is the orchard floor preparation. The easiest way is to use
forestry mower/mulcher of acceptable size that is capable of preparing the orchard floor up to 20 cm
below ground which should be sufficient to prevent the coppicing of stumps and roots. Secondly, after
the orchard floor has been prepared, proper assessment of trees is enabled. It is useful to divide the
trees into categories according to the type of treatment. It should be sufficient to define trees that will
be either cut down or pruned or left as torsos. Next step is the turf establishment. It is important to use
a mixture of grass and plant species typical for rich florid meadows to enable a nature-like vegetation
to grow underneath the trees to support the habitat for helpful insects for pest control. Tree planting
should follow according to the legislative framework by the Czech standards for horticulture and
landscaping. It is vital to use proper tree guard against game damage and mulching against weed.
The maintenance can be divided into two parts, maintenance of the turf and maintenance of the trees.
The turf should be mowed repeatedly and periodically 2 times a year while the pruning of the trees
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should be carried out in the long-term repeatedly every once 3-5 years, rather than heavy pruning in a
one-off hack, which may result in over-pruning and damage to the tree vitality.

Conclusion

The traditional extensive orchards have become over the years a semi-natural habitat that plays an
important integral role in the rural landscape as a source of livelihood, aesthetic and cultural value,
recreation, biodiversity and in many cases erosion control. Rather than create new extensive orchard,
the restoration of old abandoned orchards should be encouraged and supported. Since a social
paradigm shift is happening these days where people are turning back to their origins and traditional
land use, the restoration of extensive orchards plays a key supportive role not only in future nature
conservation and protection but also as way of maintaining traditions and historic cultural values.
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Souhrn

Zaméreni operacnich programl Evropské unie béhem uplynulych 5 let v ochrané pfirody a krajiny
smérem k volné krajiné umoznilo mimo jiné obnovovat staré zanedbané extensivni sady. Z tohoto
divodu je nutné zodpovédét otazky spojené projektovanim, planovanim a realizaci téchto obnov.
S vyuzitim vlastnich zku$enosti pfi realizaci obnov opusténych extensivnich sadld autor popisuje
mozné cile obnovy sadd, jejich tradiéni a souasné vyuzivani a zejména jednotlivé realizacni kroky pfi
jejich obnové.
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Abstract

The design of each structure and its subsequent life and reliability, in general, depends on many
factors. From the properties of structural materials, through the use of the calculation model and the
method of determining the characteristics of the material input to the technological application. In each
activity some uncertainties and even human error could occur, similarly also in the process of
selection and execution of the tests. The most important input data for the design of pavements of
rural roads is the resilience module of the subsoil. It is also important to know the phenomena that
affect its behaviour and how do they modify it. The uncertainties of the input variables that affect the
behaviour of the structure can be respected by using modern numerical simulation methods, which
need proper and quality input parameters. This article presents the statistical treatment of resilience
module obtained from the CBR test cyclic peformed in the laboratory.

Key words: Cyclic CBR, module of resilience, rural roads, Box-Cox transformation, Spearman’s
correlation coefficient

Introduction

The Low Volume Roads (LVRs) offer almost endless possibilities for users. They are named as that
because the number of vehicles using them is lower than in a conventional road, for the reason that
they are located in difficult places to reach where the environmental value is high. Therefore, this type
of pavement can offer many possibilities for the users, due to the fact that it can be used by
recreational or industrial vehicles, or pedestrians, cyclists etc. But at the same time, they must fulfil
with the technical exigencies of the heavy traffic loads as well as with the necessities of the leisure
activities.

The performance of the constructions are generally influenced by objective factors, such as type of
pavement, dimensioning of the layers, received loads, variation of the mechanical properties of the soil
and the moisture. However, there are certain types of uncertainties that must be analysed. These
variabilities are collected in the reliability theory, in which three types of uncertainties are discussed:
physical uncertainties, where the applied loads, geometry of the structure and properties of the
material are analysed; statistical uncertainties and model uncertainties, taking into consideration
difference between idealizations used in the model and real behaviour.

In order to design more reliable, durable and effective rural roads, a numerical simulation model was
created based on the finite element method (FEM), to analyse various types of uncertainties that affect
the behaviour of pavement construction. This type of model requires appropriate input variables, which
must be compatible with the material of the model of the FEM method. The main objective is to obtain
the elastic modulus of the material, as it is the most important characteristic of the soil input variables.
The elastic modulus represents the relationship between load and deformation, and varies depending
on humidity and density. Its detailed preparation influences the accuracy of the design.

From all the modules offered by the geotechnical practice, the resilience module (Mg) of the cyclic test
was selected, as recommended by ASSHTO (American Association of State Highway and
Transportation Officials), which aptly describes the behaviour of the natural material after the
application of the load, and at the same time is able to introduce the influence of moisture. In order to
get that module, cyclical test CBR test T2 was applied with a constant penetration, according to the
Dutch theory (Molenaar, 2009) and test T3,with a constant stress, developed by Mendelu University in
Brno (Sevelova, Hauser, 2014; Arbid, Sevelova, 2013).

For the analysis, samples have been taken from 7 rural roads, divided into a minimum of 10 profiles
each. 12 samples have been tested from each profile, 6 with optimal moisture and 6 saturated. These
gives a total of more than 800 samples analysed.

All samples also have been classified by the Unified Soil Classification Systems (USCS), through a
system of tests according to Czech normative (Table 2). Furthermore, the optimal humidity and
maximum density were obtained from each sample by using the test Proctor Standard (CSN EN
13286-2, 2005).

- 258 -



Statistical analysis

The content of this article is focused on the statistical uncertainties. These are dependent of the
amount of data available for the analysis and they increase with the absence of information. In the
majority of the cases, uncertainties involved in the problem are solved by assigning a probability
function with estimated parameters distribution from the information collected and/or based on
subjective information or past personal experience. These parameters are dependant of the amount of
data collected. For time reasons, as a cyclic test takes about 5 hours to be completed and the quantity
of planned tests is really high, only 6 samples have been analysed from each profile, in order
todetermine the resilient module Mg.

Before starting with the statistical analysis, a review of the collected data was performed in order to
rule out the remote measurements, to eliminate the errors in the preparation of the sample or the ones
that could occur during the tests.

Analysis of normality

Once the reject was done, the statistical analysis could start. The first hypothesis was that the
distribution of the data should be normal, due to the fact that the difference of moisture and density
between samples of the same profile was really low. Therefore, it was decided to use Gauss curve to
obtain the probability that had a random chosen data to be within the stabilized limits.

To apply this method, first of all, the average of the resilience module of the 6 samples was obtained,
as well as the standard deviation of the data. Once these parameters were obtained the limits were
stablished. After looking at the data, it was assumed that a difference of 10% between lower and
upper limit would be the most appropriate. So to calculate the settled limits, the values were the 95%
and the 105% of the average module. With those parameters chosen, the variable must be typified
and the probability, of a random chosen data to be within the confidence limits, calculated. It can be
seen in the example of Table 1.

Tab. 1:Example of data collection method and values of Gauss campaign

3 DATA OF THE SAMPLES TEST 2
v
§ PROFILE / ROAD Wopt | pmax | Wreal | preal |Mg, CBR2 CAMPAIGN OF GAUSS
o
F % kgm -3 % |kgm-3| MPa | AVERAGE | DEVITION | LIM MIN | LIM MAX | PROBABILITY
15,80 1766 29,57
15,83 1800 31,68
P-4 / Nove mesto 16,2 1769 14,55 1822 27,65 38,80 17,19 36,86 40,74 8,76
15,84 1818 36,08
16,50 1804 69,04
11,76 1982 9,46
13,15 1982 12,32
P-4 / Kubenka 11,5 1988 12,64 1988 9,25 10,31 2,14 9,79 10,83 18,96
12,78 1970 7,77
13,08 1970 12,75
LED 10,90 1989 16,90
g 11,92 1975 21,20
11,84 1973 14,00
P-6 / Kubenka 11,5 1970 10,67 2004 16,34 17,14 2,39 16,28 18,00 28,12
10,30 2002 16,34
11,03 1998 18,05
11,82 1910 52,42
12,24 1895 56,05
12,55 1894 34,82
P-7 / Kubenka 12,4 1950 1334 1883 35.23 45,65 10,65 43,37 47,94 16,64
11,47 1912 57,15
12,03 1907 38,25

As can be seen in the probability column, the values are quite low. Specifically, and after analysing all
data of all roads, the average of the probability is only 18%. Because of that, another type of
distribution should be found in order to get closer to the real situation. So to get it, statistic software
has been used, called Minitab 16. By means of this tool, different trends that could follow the data
have been analysed. For this, the analysis has focused on the distributions: normal, lognormal,
exponential, Weibull and Box-Cox transformation.

Once the results were analysed, even though there was not a clear trend for all the soils, it was
observed that the Box-Cox transformation would get the highest average probability, specifically 60%,
as it is shown in Figure 2. For this reason, it was necessary to analyse this statistical method, since it
is quite unknown.
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Box-Cox transformation

Box-Cox transformation is a potential transformation used in statistics to correct biases in the
distribution, to correct unequal variances and mainly to correct the non-linearity in the relationship
(improve correlation between variables). This transformation gets the name of the statisticians George
E. P. Box and David Cox (1964).

Very often, it is necessary to transform the data of the variables of a given observation in such a way
that it is adapted to comply with the requirement of normality and that approaches the normal
distribution to be able to make a statistical analysis or modelling. Since many of the statistical
analyses only work under normal conditions, this transformation allows to apply many techniques from
statistics, that otherwise would not be valid.

To achieve such normality with lowest error as possible, a fit must be done between a predictor
variable and other to predict, by using iterations. This process is called “Box-Cox method” and its
formula can be seen in equation (1). In this formula, x is the data to transform and a is the parameter
of change, as A.

i_
= w_ﬂr;&ﬂ
logfr + 2)di =0 (1)

The aim of the Box-Cox transformation is to convert the variable x in such a way that it is £ which will
be as close as possible to the normal distribution.

Usually the iterative process called “Golden Search” is used. This algorithm starts with the minimum
value of lambda established, then the Box-Cox transformation is applied and finally the error is
calculated with the previous function. This process is repeated continuously for several lambda values
(until the maximum value of lambda is reached) while adjusting the value of it in which the error of the
function is minimal.

All this would transform the data in the most optimal way. The last step is to verify whether the
transformed variable really gets significantly close to the normal distribution. For this purpose a study
of normality has to be done to the initial data as well as to the transformed one, in order to see the
difference. It can be seen in the example of Figure 1 that the difference is considerable, due to the fact
that in the original data the curve is much more extended and the curve unclear, as can be seen in the
Figure 1A. While, in the transformed data, Figure 1B, the handing out is much more concentrated
around the average, so the distribution is clearly more reliable.

Expected Mormal Expecied Normal

1 ‘7 1
o " 030815 0,340525 0,308 35 0.340245

2 25 30 3/ 40 45 80 85 80 85 TID I 0.-M20 0310330 0340040
Fig. 1A: Distribution of the data without transformation
Fig. 1B: Distribution of the data after the Box-Cox transformation

MNo. of obs.
Ho. of abs

Once it is observed that the distribution is closer to the normal, the statistical analysis with the new
data could be carried out. Specifically, the most suitable average of the module has to be found. For
that purpose the average of the transformed variable must be found because it would be the value that
better represents the behaviour of the soil of that profile. With the average obtained, by using the
inverse of the Table 1, the value would be transformed to get the real average in the initial scale, MPa
(using the value of lambda and alpha obtained).

Spearman’s correlation coefficient

Afterwards having done the statistical calculus to get the Mg value, the relationship between module
and the effects of moisture and density was found. The relationships between these parameters were
obtained by the Spearman’s correlation (p) (Bonett DG, Wright TA, 2000).

This coefficient is a measure of correlation between two continuous random variables. To calculate its
value the data are ordered and replaced by its respective order. Then the equation (2) is applied.
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=S —n

Where,

D = difference between the corresponding values of the order x-y
N = number of couples analysed

It ranges between -1 and 1, indicating negative and positive associations respectively. That is, if the
correlation is of 1, it would indicate a direct strong correlation, while if it is of -1 the correlation would
be reverse and strong. In case the coefficient is of 0, it would represent that there is no correlation.

()

Results

Results of the analysis of normality

As it is explained above, after having seen that the probability that randomly selected data would be
located within the confidence limits was so low (18%), it was decided to discard the procedure of the
Gauss curve. Therefore, another distribution that identify better with the data should be found. To do
so, some distributions were analysed: normal, lognormal, exponential, Box-Cox transformation and
Weibull.

Once the optimal distribution for each profile was found, it was observed that the normal and
lognormal distributions had an average probability of around 45%. Conversely, Weibull and
exponential average likelihood were of less than 15%. But between all of them the highest average
probability was obtained by the Box-Cox transformation, with a 60%. For those reasons the Box-Cox
transformation was selected for statistical analysis in order to determine the mean value of the
Resilient modulus.

The results of the different odds in each soil profile can be seen in the Figure 2, where in the X axis a
number have been given to each profile depending the type of soil, starting with G4GM and finishing
with F8CH according to the order shown in Table 2. In the Y axis, the probability values of the
analysed distributions are located.
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Fig. 2: Probability that the data follow the distributions analysed

Results of the Box-Cox transformation

The Box-Cox transformation is the statistical method that can get the best values of mean resilience
module. This is because the probability of a randomly selected data to fit that distribution is 60%.
Moreover, using traditional statistical methods, such as the Gauss curve, the results were not reliable
due to the fact that only the 18% of the data would be within the confidence limits. Apart from that, the
samples of each profile are not enough, so the Box-Cox transformation also helps with the lack of
them. Taking all that into account the Box-Cox transformation was chosen as the best method to get
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the mean value of the resilience module of each soil profile. Once the Box-Cox transformation was
applied as it is explained above, the most real mean values of the modules were obtained, as it is
shown in the Table 2.

Tab. 2: Results of mean modules and Spearman’s correlation

6‘ DATA OF THE TEST CBR CYCLIC
e SAMPLES AVERAGE MODULES | SPEARMAN'S CORRELATION
O | PROFILE / ROAD
w W opt p max GAUSS BOX-COX |W and Mg, CBR |pand Mg, CBR
l>—- % kgm -3 MPa MPa
P-4 / Nove mesto 16,2 1769 38,80 32,84 1,00 -0,10
?D P-4 / Kubenka 11,5 1988 10,31 10,14 0,50 0,10
< P-6 / Kubenka 11,5 1970 17,14 16,88 0,41 -0,06
o P-7 / Kubenka 12,4 1950 45,65 44,67 -0,77 0,77
l-u,l- P-5 / Nove mesto 15,3 1723 101,02 98,24 0,60 -0,50
A po / Nove mesto 13,4 1784 100,77 98,90 0,81 0,71
P-1/ Nove mesto 14,4 1847 180,81 169,32 0,45 -0,30
P-3 / Nove mesto 12,9 1878 63,27 58,49 -0,60 -0,30
P-6 / Nove mesto 15,7 1757 142,79 140,74 0,10 0,90
P-8 / Nove mesto 13,3 1881 161,77 162,87 -0,70 0,67
E P-10 / Nove mesto 15,4 1708 47,10 44,55 -0,06 -0,26
by P-3 / Rasna 14,0 1852 337,24 335,04 -0,40 0,80
P-6 / Rasna 12,0 1938 156,12 146,19 0,80 -0,40
P-10 / Kubenka 15,5 1751 22,17 22,52 0,60 0,50
P-7 / Nove mesto 14,6 1860 39,43 36,78 0,26 0,66
g P-12 / Kubenka 10,1 2061 50,89 49,74 -0,30 -0,50
© P-2 / Navojna 23,1 1548 81,84 83,48 -1,00 0,90
9 P-5 / Navojna 24,6 1475 252,20 243,29 1,00 0,40
u- P-1/ Kultury 23,1 1577 69,08 68,53 0,09 -0,26
P-2 / Rasha 15,3 1782 71,36 69,36 0,40 0,90
P-3 / Kultury 21,4 1578 241,56 240,85 -0,94 0,77
§ P-3 / Kubenka 10,8 1969 114,30 115,36 0,90 0,70
o P-5 / Kubenka 13,3 1862 23,58 23,15 0,03 -0,03
P-11 / Kubenka 14,5 1832 38,68 37,21 0,09 -0,09
P-13 / Kubenka 10,9 2013 66,70 67,02 -0,37 0,60
" P-1/Rasna 16,0 1778 150,50 138,68 -1,00 0,10
s P-5 /Rasna 14,2 1818 91,63 91,16 0,20 -0,60
. P-4 / Kultury 21,1 1599 111,52 109,91 0,49 -0,31
-}
E P-2,3 / Borovice 15,1 1780 172,78 167,43 0,00 0,00
(79
- P-4 / Borovice 16,4 1752 195,24 168,46 -0,60 0,41
3 P-6 / Borovice 16,7 1747 171,98 165,67 -0,06 0,06
“ P-10 / Kultury 25,5 1492 21,92 22,10 0,37 0,60
P-1/ Borovice 24,8 1471 133,14 129,68 0,43 -0,49
P-1/ Navojna 24,6 1492 81,73 81,62 -0,80 -0,20
P9 / Navojna 21,3 1626 376,88 396,63 -0,70 0,70
P10 / Navojna 20,3 1610 300,53 298,17 0,10 -0,20
5 P-2 / Kultury 22,9 1594 46,43 45,59 0,20 -0,77
® P-5 / Kultury 22,2 1572 111,72 111,60 -0,54 0,66
P-6 / Kultury 23,5 1576 98,37 96,68 -0,40 0,30
P-7 / Kultury 22,8 1576 44,67 44,74 0,14 0,14
P-8 / Kultury 20,8 1630 66,67 65,09 -0,54 0,83
P-9 / Kultury 27,3 1493 51,74 49,64 0,83 -0,71

Results of the Spearman’s correlation

In order to try to find the relationship between the module and the parameters of moisture and density,
the correlation of Spearman was applied as explained above. The results obtained from the correlation
coefficient are could be seen in Figure 4. Apart from that, it was thought that there should be
correlations that are not obvious at first glance. Because, as the experience has shown, the correlation
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between parameter above or below the optimal value is not the same. That is why the analysis should
be divided in two parts. The first would be the soil profiles where the humidity or density during the test
is lower than the optimal. In the second group there would be the soils where the real humidity or
density is higher than the optimal.

For that analysis, first those 43 profiles were divided into the two groups. 13 tested profiles have been
found with moisture contents below the optimal. From which 8 had a positive correlation coefficient.
On the other hand, 17 profiles were found with moistures above the optimal. Where, 9 of those
followed a negative correlation. In addition, there were certain profiles where moistures have been
very close to the optimum, that is, there were values of moisture above and below the optimum,
exactly 13 profiles. From which, 6 have a possible correlation, but not obvious because of the
heterogeneous distribution of the parameters.

The last correlation to be analysed was the one between density and resilience module. For this
reason the 43 profiles were divided again into the 2 groups. There are 14 profiles which have a density
below the maximum density, of which, 10 have a positive correlation. In the other group there are 25
profiles of which 17 have a negative correlation. Finally, 4 profiles with variable density above and
below the maximum density were found. Among them, there are 2 that could have a possible but non-
obvious correlation.

Conclusions

After analysing all data, there has been considerable shift change in the approach to the variability of
mechanical properties of the soil. Initially it could be thought that the difference between samples of
the same profile of the road should not be too large, due to the fact that they are obtained from the
same place. We might also fall into the mistake of thinking that the difference between profiles should
not be very large because they are a few meters away, but this is not so, since the mechanical
properties are very different from each other, varying the resilience module even in a 200%. This is
because even the type of soil is different, according to the soils classification USCS or also because of
the impossibility of preparing samples in an identical manner.

Ones the Spearman’s correlation is analysed, it can be said that it was not a clear behaviour of the soil
at first glance. But after dividing the profiles into groups depending on whether the humidity and
density of the samples were above or below the optimal humidity and maximum density a relationship
have been found. More specifically, when the humidity or density of the samples are placed below the
optimal, the correlation is positive, this is, that if moisture or density grows the module would grow. On
the contrary, if the samples are above the ideal, the correlation will be negative, so if the humidity or
density increases the module would decrease. Therefore, it can be said that it follows the expected
behaviour, because when the values of the parameters of the samples get closer to the optimal the
module gets higher.

Despite this, the need to increase the number of samples per profile was detected, to confirm the
correlation between the module of resilience and the density or humidity. Due to the fact that there are
several profiles that do not follow the expected behaviour. Finally, an increase of the samples is
needed to develop the behaviour of humidity and density during T3 of the CBR cyclic test.
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Souhrn

Zivotnost a spolehlivost kazdé konstrukce zavisi na mnoha faktorech. Od stanoveni materialovych
vlastnosti, pfes pouzity vypocetni model a jeho schopnost adekvatné vystihovat popisovanou realitu,
az po technologii realizace. Kazdy z téchto faktorll vnasi do procesu nejistoty dané proménlivosti
vlastnosti pouzitych materiali, pfirozenou variabilitou procesli az po chyby zpusobené lidskym
selhanim. Moderni numerické simula¢ni metody jsou schopny vliv téchto nejistot ve vstupnich
veli€inach respektovat a zaclenit do vypoctu. Nezbytnou podminkou je vedle vhodného materidlového
modelu také adekvatni pfiprava vstupnich materialovych veli€in, a to v dostate€ném mnoZstvi pro
statistické vyhodnoceni. Modul pruznosti podloZi je zasadni materidlovou charakteristikou citlivou dle
vysledki testd zejména na vlhkost a objemovou hmotnost, a tim i na laboratorni pfipravu vzorkd pro
jeho stanoveni.

Prispévek predklada statistické zpracovani laboratornich vysledki modulu pruznosti (Resilient
Modulus MR) podlozi z inovativniho cyklického CBR testu. Byly realizovany dva postupy stanoveni
modulu; test stanoveni modulu pruznosti pfi konstantni penetraci podle nizozemské teorie (Molenaar,
2009) a jeho modifikace probihaijici pfi konstantnim napéti (Sevelova, Hauser, 2014). Byly testovany
materialy podlozi sedmi u€elovych komunikaci, tzv. nizkokapacitni vozovek LVRs, vzdy na Sesti nebo
deseti profilech, ze kterych bylo pfipraveno 400 vzork( pfi optimalni vihkosti a maximalni objemové
hmotnosti podle zkouSky Proctor standard.

Vysledky laboratornich zkouSek cyklického CBR testu byly podrobeny statistické analyze s cilem
stanovit primérnou hodnotu méfeného modulu pruznosti Mg s ohledem na pravdépodobnost chovani
a dale ovéfit citlivost této veli€iny na jiné materialové charakteristiky. Jak ukazuji hodnoty vihkosti a
objemovych hmotnosti vzorkd z cyklického testu CBR, naméfené moduly pruznosti se pohybovaly ve
znacné Sirokych intervalech i pfi pfesném dodrzeni postupl pfipravy vzorkl. Pro statistickou analyzu
byly vybrany zakladni druhy rozdéleni: Gaussovo normalni rozdéleni, lognormalni, exponencialni a
Weibullovo.  Nejednoznacnost ziskanych vysledki a nemoznost stanovit spolecnou
pravdépodobnostni funkci vedla k aplikaci transformace Box-Cox, pfi které bylo dosazeno uspokojivé
pravdépodobnosti a bylo mozné stanovit primérné hodnoty modulll pruznosti.

Pro citlivosti analyzu stanoveni vlivu vlhkosti a objemové hmotnosti na modul pruznosti byl pouzit
SpearmenUyv korelaéni koeficient. Miru vlivu bylo mozno posoudit po rozdéleni sledovaného souboru
dat na vzorky s hodnotou vlhkosti, resp. objemové hmotnosti, pod optimalni vihkosti, resp. pod
maximalni objemovou hmotnosti a na vzorky nad témito hodnotami. Toto rozdéleni prokézalo
jednoznacnou pfimou zavislost mezi modulem a danymi materidlovymi charakteristikami. Pfi rostouci
vlhkosti do jeji optimalni hodnoty rostla hodnota modulu pruznosti. Pfi dalSim rdstu nad vihkostni
optimum modul klesala Stejny proces bylo mozno sledovat i pro vliv objemové hmotnosti. S jejim
rastem k maximalni hodnoté tento modul rostl, po jejim prekroceni klesal. S ohledem na velmi malé
zmeény ve vlhkostech cca 2-3 %, resp. objemovych hmotnostech cca 1-3 %, Ize konstatovat vysokou
citlivost modulu pruznosti na zmény vilhkosti, resp. na zhutnéni materialu. Ziskané vysledky prokazuji
vysokou proménlivost mechanickych vlastnosti pfirodnich materiall zemin a stim souvisejici
problematiku pFipravy vzork(.
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Abstract

This paper presents the results of the inventory of tourist and recreation facilities in Roztoczanski
National Park, the where forest cover up to 95%. Roztoczanski National Park is a Particular area
because of the unique qualities of the natural environment. It is also very attractive Perceived as
because of the Possibility of Achieving the Objectives of tourism and recreation. The inventory of
tourism and recreation facilities together with recognition of environmental-risk Arising from its use,
recognition of tourism need and preferences and the estimation of tourism capacity can serve as a
basis for identifying principles of tourism and recreational use of Roztoczanski National Park.

Key words: protected areas, tourism and recreation development, tourism planning

Introduction

Tourism is seen as a form of economic activity with most significant potential to generate future
employment and growth in the EU's gross domestic level (Message from the Commission,
2007). Tourist activity is one of the measures of standard of living and an indicator of the development
of civilized societies. Its development helps to generate new jobs and entrepreneurship, improving the
quality of life of local communities, increasing the competitiveness of the regions, activation of both
urban and rural areas. Important positive aspect of tourism development is greater attention to spatial
order, aesthetics and the natural environment. However, like any other tourism manifestation of
human activity that may be the source of many environmental risks. The share of tourism in
environmental degradation is estimated at 5-7%, with 40% from industry, agriculture or 15% (Labaj
2003). The threat to the quality of the environment is also ill-planned tourism infrastructure. Tourism is
seen as one of the factors leading to landscape fragmentation. Tourism and recreation can not be
done in a manner invasive and exploiting the natural and landscape. Its sustainability is particularly
important, given that currently in Europe, the number of visitors in natural areas is increasing,
including national parks primarily. These areas are, by Coccossis et al. (2002), a target destination
place for about 40 - 60% of tourists and tourism in such protected natural areas is currently 7% of all
international tourism expenditure. The aim of the article is to indicate the possible direction of the
development of tourism and recreation in the National Park Roztoczanski based on tourist-recreation
infrastructure resources , and to determine the characteristics of tourism and to analyze indicators of
tourist capacity of the Park.

The subject of the research

Roztoczanski National Park is one of 23 national parks in Poland, covering a total area of 316 748
hectares, which is about 1% of the country. The park was established in 1974 to protect the most
valuable natural areas mites. Originally the Park area was 4801 ha and has now increased to 8483ha,
out of which 8102 ha (95.5%) is covered by forests. The park is located in the central eastern part of
Poland, in Lublin province. The main watercourse flowing through the area of the park is the river
Wieprz. Some streams start here: Swierszcz and Szum. The Park there were also created four
artificial lakes: Echo, Florianka, Koscielny, and Czarny (Grabowski 2007). The diversified terrain, as
well as the diversity of geological, hydrological and soil mean that the Park has as many as 21 forests
and 28 non-forest plant communities . The most valuable of them are: fir forest, which is 8% of the
forest area and the carpathian beech forest covering 25% of the RPN.

Roztoczanski National Park is not only a characteristic area because of the unique qualities of the
natural environment, but also the area is perceived as very attractive due to cultural values. The Park
and its immediate surroundings were a place of fighting during the First and Second World War, and
as a result of previous acts of war, in the Park we have eg. the cemetery which reminds of the
pacification of Socha village in 1943, made accessible through the natural path to Beech Mountain
and the Pole Hill monument commemorating the Battle of Panaséwka in 1863.

The current shape and character of the settlement buildings and the park is the result of activities
Zamoyski Code, as well as the result of war and the subsequent disruption of post-war land parceling
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(Cygnarowski 2007). The largest urban center in the area is Zwierzyniec, which is the headquarters for
Roztoczanski National Park.

Tourist and recreational management of the Roztoczanski National Park

The Park is a place conducive to any active tourism and sightseeing. The Park and its vicinity allowes
other forms of tourism, and hence, there are many options for getting around the area eg. equestrian
tourism and water tourism (Grabowski 2004).

For users doing the park area on foot, there are nine tracks with a total length of 18 km. They show
the natural wealth of the Park, its diversity of landscapes and unique cultural values. In the future it is
planned to lay six additional tracks cognitive ie: multisensory Geological path, the path to the White
Mountain, the path to the Bear Mountain, Zwierzynczyk trail, bike route - Rybakéwka - Socha and
Rudka-Stupy-Kosobudy (RPN Protection Plan)

Through the area of the Park there also runs five transit hiking, whose total length, within the RPN, is
34 km away. Cycling in the Park is developed on the basis of four bike trails with a total length of 17
km. The Park runs a reserve Polish horse breeding. Suitable conditions allows off-road horse riding
tourism. It is possible learn individually to ride a horse at Rybakowka, as well as explore the nearby
village on carriage rides, after prior consultation with the Boss of the park. Using the horse drawn
carriage in the Park is allowed only on the way to Florianka, sightseeing on suitable public roads.
Roztoczanski National Park was established to protect the unique landscape, which consists of:
nature and harmoniously integrated into monuments of Roztocze. You can admire the landscapes,
among others, through observation points located on Beech Mountain, on a sand dune in the vicinity
of the "Echo ponds", along the route to Florianka, on Polak Hill.

In the park there are special facilities for the disabled. Suitable for people with physical disability is the
path to "Echo Ponds", and the viewing platform above the same pond.

Outside the designated nature ftrails, hiking and cycling routes, a very popular place for recreation in
the park are the ,Echo ponds", created in the years 1929-1934 on the site of wetlands located in the
flat valley of the river Swierszcz. The team of four ponds fed by the waters Swierszcz. Its depth varies
from 0.5 to 1.5 m. The ponds are filled in early spring, when autumn water is drained. Adjacent to
wooded dunes, the largest of the ponds is a popular vacation spot and for many years serves as a
resort(Grabowski 2004).

The objectives related to tourism, recreation and education are following: Educationa Museum Centre
— Zwierzyniec, Forest Chamber in Florianka and a farm of Debowiec Warblers (formerly Krzywe). The
Museum and Education Center was open for use in 1994. Cooperation with nearby schools,
organizing fieldwork and provides an extensive collection of literature as natural. Chamber of Forest
and Forester Komandéwka are located in Florianka, about 6.5 km from the Zwierzyniec. Forest
Chamber was established in 2004 on the basis of the reconstructed buildings of forester from
1830. The aim of the revitalization of this object was to demonstrate the habitat and the agro-forestry
economy conducted in the late thirties of the twentieth century. It is lacated at this point a tour desk
carrying educational activities. The Forester Komandéwka base has served as educational tourism
since 2007.Here are implemented programs relating to the functioning of a nearby path
dendrochronologically. There are so called wooden books, allowing to acquire knowledge of the
species of trees and shrubs met on the track, as well as cabinets and panels make learning
easy. Educational objectives also meets today Debowiec Forester. Within the pens you can admire
the old outbuildings and orchard, which is dominated by old varieties of trees. Now, in the summer, the
settlement Debowiec Roztocze is the seat of the Horse Guard Association for Nature Conservation
them. Wielkopolska Cavalry Regiment 25 (Niczyporuk 2005).

The increased influx of tourists into the Roztoczanski PN, especially in the summer, favors the
development of the village adjacent to the Park. Park does not have its own catering, and the
possibility of renting buildings for accommodation is limited. The accommodation facilities in the
vicinity of the park is dominated by agro-tourism and private houses. They occur most frequently in
Zwierzyniec, as well as in the village Socha and along many routes frequented by tourists Zwierzyniec
Krasnobrow (Grabowski et al 2011).

Tourism and recreation in the Roztoczanski National Park

In Roztoczanski National Park there are not any constant, systematic studies and observations on
tourism. According to the decree 7/2014 Director PN Roztoczanski penetration in the Park can be
carried out during the year, in daylight, from sunrise to sunset. Interest group sightseeing Park can not
exceed 60 people. Walking through the Park’s nature trail on Beech Mountain in a group of more than
10 people is allowed only with a guide RPN authorized by Director or other person authorized by the
Director of the Park. The tourist season begins in May and lasts until September and peak traffic falls
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for the holiday period: July, August. Useful for estimating tourism is the statement made by the Centre
for Museum Education (OEM) Grabowski 2011. For example, in 2011 the number of visitors to the
OEM amounted to 23,088 people in the next year rose to 23,293 people. Forest Chamber in 2012, a
total of 1805 tourists, about 547 more than last year. The increasing number of people participate in
the open air photographic competitions organized by the park, school ecological events. Based on the
records of tourists, it is estimated that since the 90s the Park is visited annually by about 120 thousand
people, but the number of organized tourist groups ranges from 400 to 600. In this case, there has
also been a slow increase in the number of tourists in groups of family and friends (Grabowski et al
2011)

From the survey (Gucma 2013) conducted among users of cycle routes in RPN most tourists in RPN
are young people aged 26-35 years old (about 35%) and 18-25 years (approximately 20% of the
respondents ). Quite a large group (18%) were aged 56-65 tourists in years. The vast majority of
tourists (70%) had a higher education. 6% and 8% of respondents had basic vocational
education. Among the tourists dominated by residents of large cities (about 53% of respondents). The
lowest percentage of respondents (13%) were residents of rural areas.

Tourist capacity of Park

For the first time tourist absorbency in the Park was set in 1998 in the framework of the Plan for
Protection RPN (Gucma 2014). Then it was determined that the bandwidth of nature trails is 520
people / day, hiking 1,200 people / day, and the capacity of bathing in ponds "Echo" 580 people /
day. With the development of infrastructure, tourism and recreation park there was a need to verify
these indicators. Currently the project Protection Plan of Roztoczanski National Park for the years
2012-2031 re-set the maximum number of persons likely to use each of the sites available for
recreational purposes. And so the ponds "Echo" can be frequented by 3,500 people of whom 250 can
stay in the House of the Forest in Florianka, in the Centre for Education and the Museum - 250
people. For educational purposes, the OEM can use 150 visitors at the same time (up to 1,500 per
day), with the Warblers Komanoéwka - 20 people, Warblers Curves - 60 people in Wojdzie Forester -
Forester Obrocz 60 and - 12 people. Because of hiking trails at the same time can use 1,540, cyclists -
1080, while the paths of cognition 1630 people. It should be noted, however, that the project
Protection Plan RPN finds it hard to see a methodological foundation, which was established on the
basis of the above capacitive threshold. Detailed research in this area has been taken by Gucma
(2014). They show that the capacity of swimming at Ponds Echo, accompanied by a beach with an
area of 0.56 ha is 560 people / day. On the other hand, in a clearing on Florianka resort, with an area
of 0.15H can stay at the same time a total of 15 people, which, with the opening (ten hours per day)
gives 150 persons / day. Capacity of all hiking trails running through the park is by Gucma (2014),
taking into account individual tourists, is only 3570 persons / day, while taking into account both
individual travelers and groups - 17850 people / day.

Throughput of biking tourist routs used by individual tourists is 5950 persons / day and 29,750 people /
day, taking into account the groups. The total capacity of educational paths within the park were set
for individual travelers and groups of tourists for 885 persons / day and 2655 persons / day. The
aggregate throughput of all hiking trails, mountain biking and educational paths running through the
park is therefore 10,405 people / day (considering only individual travelers) and 50255 people / day,
taking into account individual and group travelers. The total capacity of the site in Roztoczanski
National Park which is the sum of the daily clearing capacity for Florianka resort, swimming ponds
Echo and capacity of tourism and recreation routes set at 11,115 people / day in the case of individual
visitors and 50,965 people / day, after taking into account both individual travelers and
groups. Comparing these data with the guidelines contained in the draft Protection Plan RPN turns out
that the possibility of the development of tourism and recreation in the park are much larger than
assumed in the Plan of Conservation.
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Souhrn

Vyvazenym rozvojem cestovniho ruchu se rozumi pouziti pfirodnich zdroji takovym zplsobem, ktery
zajistuje dlouhodobou ochranu svych aktiv. Patfi mezi né fadné naplanovana a uskute¢hovana
opatfeni na podporu rozvoje cestovniho ruchu ochranu pfirodniho a kulturniho dédictvi a péc&i o mistni
a regionalni tradice. Narodni park Roztoczanski z diivodu pfirodnich a kulturnich hodnot je oblasti
zvlastniho vyznamu pro rozvoj cestovniho ruchu a rekreace. Sou€asny rozvoj cestovniho ruchu a
rekreace parku nabizi dostatek pfilezitosti. Zajem o rekreaci v parku by neméla pfedstavovat hrozbu
pro jeho fungovani, s ohledem na ukazatele kapacity.
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Dr hab. inz. Emilia Janeczko
Phone: +48 22 59 38 134, e-mail: janeczko.emilia@gmail.com
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TRAINING FOREST ENTERPRISE MASARYK FOREST KRTINY — EXCURSION GUIDE

Pavel Mauer
Training Forest Enterprise Masaryk Forest Kitiny, Mendel University in Brno, 679 05 Kftiny 175,
Czech Republic

In 2014, the Mendel University in Brno (MENDELU) reminded 95™ anniversary of foundation and in
year 2013 It's 90 years since the establishment one of organizational units — Training Forest
Enterprise Masaryk Forest Kftiny (TFE)

The company was established in 1923, 1% January with original name School forestry grange Adamov
of Agricultural University in Brno. This happened after takeover of Liechtenstein confiscated property
by the State which it forwarded to former Agricultural University in Brno — today MENDELU - like a
school and test object. Honorary title Masaryk’s forest was awarded to company by the Ministry
of Agriculture in 1932, 14™ April with the consent of the first president of Czechoslovakia — T. G.
Masaryk.

TFE fulfills three main functions:

o provides within the pedagogical and research activities, practical facilities to students of
MENDELU especially to students of degree programs Faculty of Forestry and Wood
Technology (FFWT). Creates conditions to university teachers for pedagogical solutions,
research and testing projects;

e ensures proper management of university forest property with the prestige of being one of the
leaders in the sector;

e serve to general public, taking advantage of their superior level of forests aesthetics and
richness which provide useful functions of forests.

University forest lands have an area 10 228 ha, form a continuous complex immediately following to
the northern edge of South Moravian city Brno and dating back to the town of Blansko. The forests are
situated at an altitude of 210 — 574 m and mostly belong to the PLO 30 Drahanska vrchovina. The
average annual temperature reaches 7.5 °C. The average annual rainfall is limiting factor and it's only
610 mm. Described forest vegetation zones are: 1% oak zone (4 %), 2" beech-oak zone (27 %), 3"
oak-beech zone (53 %) and 4™ beech zone (16 %). Nutrient habitat predominate (63 %), the
remainder being acid sites (10 %) and treated (27 %). Mainly mixed stands, characterized by a great
variety of natural conditions, are formed 38 % coniferous trees and 62 % broadleaved trees. The main
coniferous trees are spruce (18.8 % stand area), pine (8.3 %) and larch (8.1 %). The main
broadleaved trees are beech (34.0 %), oak (14.7 %) and hornbeam (7.9 %). The average supply
timber reaches 266 m*ha™ b.k, total current increment is 7.4 m*sha™ b.k.

The terrain is very rugged with distinctive deep valleys and gorges, especially in the vicinity of the river
Svitava and Kftinsky potok. Geological subsoil is formed by granodiorites, Culm greywacke and
limestone. One third of company area is located in the CHKO Moravsky Kras (2 944.87 ha). This
contributes to the fulfillment of aesthetic and educational functions of forests. In the past have been
preserved the whole stands without any intervention with a natural species composition. From this
stands gradually evolve today’s network 22MZCHU (three national nature reserves, fourteen nature
reserves, one national natural monument and four natural monuments) with total area of 860.83 ha on
land designated for forestry functions. TFE has three arboretum (Kftiny, Ricmanice and Habrivka)
with valuable collection of trees, designed to study and relax. Natural beauty is deliberately added. It is
held view into the surrounding nature, modified forest glades with planting of exotic trees,
underpinnings of sources for establish of wells. At selected locations are placed memorials and
commemorative plaques local rarity — Lesnicky Slavin. Everything serves not just to needs of the
university, but also general public, walking visitors and cyclists.

Tradition Silviculture TFE lies mainly in the use of finer ways of forest management with minimal clear
cutting elements and use of natural regeneration. It's possible to find forest areas where is apply
selected management. It is in Czech condition unique way of management. Series of research
projects is long-term solved and it is implemented a wide educational and scientific cooperation in
framework of international programs. For this purpose are used forestry (eg. research area of thinning
in stands of beech, spruce, fir and mixed, provenance plots of larch (Larix decidua), spruce (Picea
abies), fir (Abies alba) and lodgepole pine (Pinus contorta), three genetic bases for beech, oak and fir;
seed orchards for larch, Scots pine, aspen and mountain elm) and timber (eg. Olomuany saw)
demonstration objects. Already acquired and published data and results can be used for the
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professional work and study. Care is focused on upgrading existing and building new educational
facilities and demonstration objects (ed. nursery centers, research stations Kftiny or timber center in
Brno — Utéchov).

All growing and harvesting work, forest protection and others activities are performed by TFE on three
polesian (Vranov u Brna, Habruvka and Bilovice nad Svitavou) in the course of a business. In the
sawmill in Olomucany equipped by one frame and two band saws, three lumber drying, steaming
chamber and assortment line; there is processed own harvested timber including the subsequent sale
of lumber and implementation of fuel program. The service center in Adamov possessing repair
workshops, timber transport and mechanization for terrestrial and building works is available for own
company and foreign customers. Centre of seedlings, arboretums and green vegetation produces a
suitable planting stock for reforestation and revegetation, including so-called execution on key.
Research Station in Kftiny develops and produces forestry equipment — winches, rill planters, nursery
equipment, mechanics for disrupt of land and especially several models of forest lifts LARIX. In a
renovated chateau KFHiny, reshaped in modern educational center, there is possible to ordered
complete provision of professional, cultural and social events including accommodation. Game
management in hunting grounds of MENDELU, managed by TFE, is own-account — exercise of
hunting rights is not rent but is carried on by holder of hunting grounds. Hunting right is practiced
by employees of MENDELU (TFE, Faculties), students of FFWT hunting and keepers of hunting
permits. Total fourteen hunting ground with area of 10 594 ha (TFE Kitiny, Hady, Bazantnice Rajhrad
and Obora sokolnice) is used for practical teaching of hunting for MENDELU students, including
solutions for professional work. The main game at TFE is roe, black and mouflon. Red deer and fellow
deer is standardized too. The next game is hare and pheasant.

TFE is based on the tradition of leading professors specialized forest departments which were
especially Rudolf Hasa, Josef Konsel, Josef Opletal, Ferdinand Miiller, Antonin Dyk, Alois Tichy and
Gustav Artner, later for example Alois Zlatnik, Bohumil Dolezal, Miroslav Vyskot or Jaroslav Benes.
Currently the pivotal teachers of Faculty of forestry and wood technology and teachers of others
faculties of MENDELU have own specialized laboratory, the workplace for verification of their expert
opinions and new ideas, space for realization of practical education of students.

TFE holds environmental certificates — FSC since 1997, PEFC since 2003. In 2011 there has been
proclaimed Forest Park Masaryk’s Forest Kitiny and more than one third forest stands belongs to the
NATURA 2000 program. Not only for these reasons, but mainly for the way forest management, forest
aesthetic treatment, many purposes, demonstration equipment, advanced production and database
research results is the goal of both domestic and foreign excursions, student placements and
internships, practical foresters and other visitors. As an important object pedagogical activities and
scientific research of students and pedagogues of MENDELU, also students and professionals from
the Czech Republic and abroad, Training Forest Enterprise Masaryk Forest Kitiny of Mendel
University fulfills its mission, under the current Law on University Education no. 111/1998 Sb.

Contact:
Ing. Pavel Mauer
Phone: +420 516 428 822, e-mail: pavel.mauer@slpkrtiny.cz
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TRAINING FOREST ENTERPRISE MASARYK FOREST KRTINY AND THE VISITORS
MONITORING

Jitka Fialova
Department of Landscape Management, Faculty of Forestry and Wood Technology,
Mendel University in Brno, Zemédélska 3, 613 00 Brno, Czech Republic

Abstract

The monitoring of visitors in the area of Training forest enterprise Masaryk forest Kitiny was held in the
years 2013 and 2014. The monitoring was done by the usage of the automatic reader. The reader was
installed on the Kopanin forest road. The road leads down the valley to the Bilovice nad Svitavou. The
results was compared and the statistical differences has been described. The most interesting results
was the difference between the total number of visits. The total visits in the year 2014 was 11,547
visits higher than in the year 2013 (year 2013 — 29,216 visits, 2014 — 40,763 visits).

Key words: Eco-counter, forest roads, daily maximum, daily minimum

Introduction

As Navratil et al (2014) stated the main goal of comprehensive monitoring of tourism and traffic in
general is to provide basic information about the number of visitors, together with data on the temporal
variability of traffic (within a day, week, months of the year and the seasons) and spatial distribution of
traffic within the target area. Standard output is also data about visitors to the structure of thought.
Monitoring visits in the recentperiod is one of the main activities of administrations over a large area of
protected areas in the field of tourism (Blaha, 2010; Kala & Salov, 2010; Kos, 2010 in Navratil, 2014).
About recreational land use in different contexts is also mentioned, for example Ondrejka (2013a,
2013b), Fialova et al (2014) and Galas (2013).

Methods

The Partnerstvi, 0.p.s., has installed automatic reader of hikers and bikers to the road in the district for
the purposes of visitor monitoring of selected forest hauling road in Training forest enterprise Masaryk
forest Kitiny (TFE). The monitoring device was installed in July 20143 and the monitoring was
conducted until November 2014. Students of MENDELU in Brno performed manual calibration
counting in July 14-20, 2014, in the monitoring place.

The trail visitor monitoring used automatic reader Pyro Box Compact from Eco-counter. This device
counts all users of trails (hikers, bikers, in-liners, etc.) without distinguishing among them. Counting is
based on the temperature difference between a human body and the surroundings. The readers can
distinguish the direction of the movement and are installed in the narrowest places of the trails in the
way which prevents counting two persons walking side by side as one. The data are stored in one-
hour intervals.

The selected road is characterized in Tab. 1 - the location, or the location of the monitoring device is
shown in Fig. 1.

The trail is a bicycle route no. 5005 as well, green trail and nature trail Hady and Ri¢ka valley are lead
here too. Due to the width of the paths can be assumed partial underestimation of the number of
users, as they can pass around adder in a plurality of adjacent aligned. For a detailed evaluation of
individual sites calibrated data was used.

" . /

Fig. 1: Approximéte location of tHe counter
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Tab.1: The locations of visitor monitoring of selected forest hauling road in the area of TFE, Bilovice
nad Svitavou forest district

o . . User type | Movement distinction
Monitoring location Name Surface Width distinction (IN/OUT)
o , (Type 1)
:;%re:t road Kopaniny — Ressl's Resslova unbound 40m no yes
9 mixtures

Results and Discussion

In the locality of Ressl road was in the whole monitored period the amount of 40,763 visits counted in
the direction IN and OUT. Monthly average record was 8,153, the daily average calculated over all
days was 266 and the average hourly was 11. Other important data can be seen in the table 2. The
number of visitors going to Bilovice nas Svitavou was higher than t oBrno.

Between the months of July and August was recorded absolute and relative increase in the total
number of users. In the coming months there has been a decline in visitors, while the highest decline
was recorded in November. The reason for the decline is the end of the summer season and holidays.
A similar conclusion can be applied to the individual directions. In the direction of Bilovice, the fall
between October and November was 43%. The correlation between attendance Resslova locality and
maximum daily temperature is 0.46, ie. the effect of temperature on daily attendance is not significant.
Correlation between the visits and daily rainfall reaches - 0.18, ie. rainfall expected to have a negative
impact on attendance.
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Fig. 2: The comparison of the users structure in the years 2013 a 2014 (%)
Pozn. Cyklisté — cyclists, Auta — cars, Ostatni — others, P&Si — pedestrians

Due to the fact that similar monitoring was conducted at the same location in 2013 (specifically,
between the July 6th - November 30th 2013), data can be compared with measured values of 2014.
For comparison, in both years selected period July 6th to November 30. Total attendance trails in
Resslova has been higher in 2014 compared to 2013. Similarly, in the hourly and daily average.

Tab. 2: Comparison of visitors of selected forest hauling roads in the area of TFE, Bilovice nad
Svitavou forest district in July 6—November 30, 2013 and in July 1-November 30, 2014 (selected
indicators)

Selected indicators for Resslova - 2013 Resslova - 2014

user counts

Total 29,216 40,763

Dailv maximum Sunday July 14, 2013 | Saturday September 28,
y (760) 2014 (806)

Dailv minimum Thursday November 21, | Tuesday July 18, 2014
y 2013 (42) (24)

The day with highest Sunday Sunday

counts

Hourly mean 8 11

Daily mean 197 266

Monthly mean 5,843 8,153
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The most significant differences between 2013 and 2014 can be by the monthly visits observed in
August and October, when the number of visitors in 2014 exceeds that in 2013 more than 1000
entries. Busiest day in terms of attendance was between 2013 and 2014 Sunday. In 2013, followed by
only a slight difference Saturday, in 2014, was also second in the order Saturday with about 4% lower
attendance. In both years, around 45% of users visited the trail on the weekend. The least busy days
in the two years were Monday and Friday.

The hourly distribution of traffic routes in 2013 and 2014 are similar. In both years we have seen the
morning peak between 11th and 12th AM and a higher utilization in the afternoon, especially from 3rd
to 6th PM. The structure of users in both years was detected within the calibration census. In both
years showed similar results in 2014 were reported by 4% fewer cyclists, 7% more pedestrians and
2% fewer cars. In terms of directionality in 2013 significantly outweighs the number of users moving in
the direction of IN to Bilovic over those who tend to Brno. This ratio is maintained in both working and
non-working days. In 2014, the direction of movement more equalized, but still prevails in the direction
Bilovic.

Conclusion

The evaluation resulted in both years is a basic overview of site traffic and traffic distribution in time,
within months. It is important to always check the pressure of tourists to use sites and these results
are important for the territory management - where to put financial resources and promote recreational
attractiveness of the area, to eliminate the damage caused by excessive use of sites tourists.
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Souhrn

Navstévnost SLP ML Kitiny byla zjistovana v roce 2013 a vroce 2014 za pomoci automatického
s€itaCe umisténého na lesni cesté vedouci od Rozcesti Kopaniny pfes Resslovu hajovnu do Bilovic
nad Svitavou. Udaje z obou provedenych sgitani byly porovnany a byl udélan popis staitstickych
rozdilG. Zajimavym zjisténim bylo, Zze celkova navstévnost v roce 2014 prevySovala tu z roku 2013 o
11547 (rok 2013 — 29 216 navstévnika, 2014 — 40763 navstévnikl).
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TREAT RISK ASSESSMENT ON CULTURAL MONUMENTS NATURAL COMMUNITIES
- EXAMPLES OF EVALUATION

Petr Kupec, Monika Velickova, Jaroslav Blahuta
Department of Landscape Management, Faculty of Forestry and Wood Technology,
Mendel University in Brno, Zemédélska 3, 613 00 Brno, Czech Republic

Abstract

The article presents the results which were obtained within the process of verification of the
Methodology of assessment of the threat risk to the vegetation (natural communities) of cultural
monuments, parks and gardens (Kupec, Deutscher, 2013). It has been designed as a part of the
results obtained during the elaboration of a research task named ,The identification and assessment
of threat hazard on natural communities of cultural monuments® guaranteed by the Ministry of Culture
CR. The methodology was applied for the treat risk assessment of the national culture monuments’
natural communities located in three regions of Czech republic (Jihomoravsky, Zlinsky and Vysocina
Regions). Obtained results proved the original premise, that the status of natural communities of
national cultural monuments in mentioned regions is thanks to optimal management approaches
practically in all cases excellent.

Key words: risk assessment, natural communities of cultural monuments, potential development of
natural communities

Introduction

Within the process of verification of the Methodology of assessment of the threat risk to the vegetation
(natural communities) of cultural monuments, parks and gardens (Kupec, Deutscher, 2013) the natural
communities of seven national cultural monuments situated within three regions of the Czech republic
were assessed in 2013 a 2014. The methodology was elaborated in 2013 as a part of results of the
project ,The identification and assessment of threat hazard on natural communities of cultural
monuments® guaranteed by the Ministry of Culture CR. The methodology represents simplified set of
standard approaches to vegetation assessment e.g. Bucek, Lacina, 1999; Kolektiv 2006 and 2007;
Vyskot, |. et all., 2003 etc. adjusted for specific conditions of natural communities of cultural
monuments. The article present the result obtained in 2013 (Kupec, Deutscher, 2013) and 2014
(Kupec et all., 2014).

Materials and methods
As was mentioned above in 2013 and 2014 seven national cultural monuments” natural communities
within three regions of the Czech republic were assessed by presented methodology in total.
Specifically following national cultural monuments were evaluated:
Jihomoravsky Region
NCM Castle Valtice
NCM Baroque castle Lysice
NCM Slavonic fortified settlement Mikul&ice
Vysocina Region
NCM Jewish cemetery Trebic
NCM Church of St. Jan Nep. Zd'ar nad Sazavou
Zlinsky Region
NCM Castle Kroméfiz
NCM Castle Buchlovice

All these localities were evaluated by the field work, where the segmentation and natural communities
assessment within defined segment was the main task. The status of natural communities was in all
cases classified by assessment of parameters age structure, health status and the amount of tree
individuals (species) on the border of their ecological optimum presented in table 1.

All the terrain data were processed in the ArcGIS working space where the orthophoto maps were
used as a basic raster layer. The final values of assessment are calculated as weighted average from
particular segment values, where as the weight the area of segments was taken.
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Tab. 1. A simplified approach to the assessment and identification of threat hazard to natural
communities of cultural monuments

Tree vegetation

C) The amount of tree
Degree | A) Age structure of trees B) Health status of trees Zroc:’l&/;c’{uaé? (Zf:if'ez)c o?ggiz,ael
optimum
Individuals with expected lifespan of | Healthy or individuals with
1 30 years and more are predominant | first symptoms of damage |up to10%
are predominant
Individuals with expected lifespan of | Individuals  with little to
2 10 - 30 years are predominant medium symptoms of [ 11 - 30%
damage are predominant
Individuals with expected lifespan | Dying or individuals with
3 under 10 years are predominant severe symptoms of damage | 30% and more
are predominant

Shrub vegetation

F) The amount of
Degree | D) Age structure of shrubs E) Health status of shrubs zZ:ZZf (sp ezlfes) or;;g;
ecological optimum
Individuals with expected lifespan of | Healthy or individuals with first
1 30 years and more are predominant | symptoms of  damage are | up to 10%
predominant
Individuals with expected lifespan of | Individuals with little to medium
2 10 - 30 years are predominant symptoms of damage are|11-30%
predominant
Individuals with expected lifespan | Dying or individuals with severe
3 under 10 years are predominant symptoms of damage are | 30% and more
predominant
Degree | Resulting classification of threat hazard to vegetation:
1 Low (In 30 years the need for treatment should be expected)
2 Medium (In 10 years the need for treatment should be expected)
3 High (Treatment needed as soon as possible, maximum within 2 years)
Results

Following pictures (fig. 1 - 7) present reprints of maps with natural communities of national cultural
monuments segmentation sorted according to regions.

Cumulated results of national cultural monuments” natural communities are presented in following
table (see tab. 2).

Table shows that practically in all parameters the treat hazard (risk) is low. As the only exception can
be understood the health status o trees especially in solved national cultural monuments located in
Zlinsky Region. According to the final assessment of natural communities of natural cultural
monuments in particular regions it can be stated that the treat hazard (risk) is low (in 30 years the
need for treatment should be expected) in case of solved NCM in Jihomoravsky and Vysocina
Regions and medium (in 10 years the need for treatment should be expected) in NCM of Zlinsky
Region.
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Legenda
Segmenty Lyslce

Fig. 1: NCM Castle Valtice Fig. 2: NCM Baroque castle Lysice

I Mavrh segmenface

Fig. 3: NCM Slavonic fortified settlement Mikul€ice

Notices: A,B,CD,E assessed segments
0 areas excluded of assessment
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Vysocina Region
Nahled segmentace hASEIES
ro f

Fig. 4: NCM Jewish cemetery Trebi¢ Fig. 5: NCM Church of St. Jan
Nep. Zdér nad Sazavou

Zlinsky Region

Fig. 6: NCM Castle Kroméfiz Fig. 7: NCM Castle Buchlovice
Notices: A.B,CD,E assessed segments
0 areas excluded of assessment
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Tab. 2: Cumulated results of national cultural monuments” natural communities

Jihomoravsky Region Vysocina Region Zlinsky Region
NCM
NCM
NCM | Slavonic | JNCM | NCM 4 Churchof |\~ NCM
o Baroque | Jewish St. Jan
Castle fortified 2 s Castle Castle
. castle | cemetery | Nep. Zdar - .
Valtice | settlement . Y e Kroméfiz | Buchlovice
o Lysice Trebic nad
Mikulcice ,
Sazavou
Age structure of 1 2 y 1 y 1 2
trees
Health status of 3 1 y 1 y 3 3
trees
The amount of
tree individuals
(species) on the
border of their 1 1 1 2 1 2 2
ecological
optimum
Age structure of 1 1 y 1 ) ) )
shrubs
Health status of 1 1 y 1 ) ) )
shrubs
The amount of
tree individuals
(species) on the 1 1 y 1 ) ) )
border of their
ecological
optimum
Final assess. 1 1 1 1 1 2 2

Notice: - means that shrubs are not presented within the natural communities of
specified national cultural monument

Conclusion

The article presents the results which were obtained within the process of verification of the
Methodology of assessment of the threat risk to the vegetation (natural communities) of cultural
monuments, parks and gardens (Kupec, Deutscher, 2013) which was developed on the Department of
Landscape Management of Faculty of Forestry and Wood Technology at Mendel University in Brno.
The methodology has been designed as a part of the results obtained during the elaboration of a
research task named ,The identification and assessment of threat hazard on natural communities of
cultural monuments® guaranteed by the Ministry of Culture CR. The methodology was applied for the
treat risk assessment of the national culture monuments” natural communities located in three regions
of Czech republic (Jihomoravsky, Zlinsky and Vyso€ina Regions) in 2013 and 2014 years. Specifically,
seven natural communities of seven national cultural monuments were assessed. These were divided
into segments on which the following tree and shrubs layers assessment were carried out. On the
base of the results it can be stated, that the level of threat risk of natural communities of solved
national cultural monuments located in Jihomoravsky and Vysoc€ina Regions can be characterized as
low in Zlinsky Region as medium.
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Souhrn

Clanek prezentuje vysledky verifikace metodiky Hodnoceni stavu a identifikace rizik pfirodnich
spoledenstev kulturnich pamatek, ktera byla vytvofena na UTOK LDF MENDELU v Brné v ramci
projektu Hodnoceni stavu a identifikace rizik pfirodnich spole€enstev kulturnich pamatek. Verifikace
metodiky byla provadéna v letech 2013 a 2014 pfirodnich spoleCenstvech narodnich kulturnich
pamatek ve Zlinském a Jihomoravském kraji a kraji Vysoc€ina. Konkrétné bylo hodnoceno sedm
narodnich kulturnich pamatek. Tyto byly v souladu s postupem metodiky nejprve rozdéleny na
homogenni segmenty, na kterych bylo nasledné provedeno hodnoceni parametr(i stromového a
kefového patra. Na zakladé Setfeni se ukazalo, Ze mira ohrozeni pfirodnich spoleCenstev Setfenych
narodnich kulturnich pamatek v Jihomoravském kraji a kraji vysocina je nizka (s nutnosti zasahu 30
let), ve Zlinském kraji stfedni (s nutnosti zasahu 10 let). Jako parametr, ktery byl hodnocen jako
parametr s vysokou mirou rizika (s nutnosti zasahu do dvou let) |ze hodnotit zdravotni stav
stromového patra v pfipadé tfi narodnich kulturnich pamatek.

Contact:
Assoc. Prof. Ing. Petr Kupec, Ph.D.
Phone: +420 545 134 097, e-mail: petr.kupec@mendelu.cz
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UTILIZATION OF DARK SKY PARKS IN NATURE TOURISM

Martin Labuda
Department of Landscape Ecology, Faculty of Natural Sciences, Comenius University,
Milynska dolina B2, 84215 Bratislava, Slovak Republic

Abstract

Nature tourism is one of environmental friendly forms of tourism. Dark Sky Parks are one of important
measures to support nature tourism in the protected areas. The main scopes of astro tourism are to
establish Dark Sky Park and the implementation of measures focused on dark sky protection, i.e. the
elimination of light pollution over model area. The region of the Nature Park Nossentiner/Schwinzer
Heide is characterised by low settlement density and large, continuous forest areas, which lead to low
light pollution. It is very important from the view of ecology, e.g. by the protection of night animal
species. On the other hand, these characteristics can be fully used in new tourism concept in that
protected area.

Key words: light pollution, nature conservation, night sky brightness

Introduction

Nature tourism should be developed not only in protected areas, but also in other regions, where it is
possible to apply this form of tourism. Dark Sky Parks are important, modern and fully applicable tool
of nature tourism in praxis. Their number and importance increase progressively in many countries of
the world. In this paper, we point out a possibility to establish Dark Sky Park on the model area of
Nature Park Nossentiner/Schwinzer Heide. Another goal is to introduce astro-tourism as a tool for the
conservation and the development of nature landscape, as well as the recovery of traditional cultural
landscape ant its biodiversity. Dark Sky Park in the model area is proposed according to Dark Sky
Park Poloniny.

Dark Sky Parks and the protection of dark sky
One of the most progressive environmental changes is the decrease of natural darkness caused by
the excessive emission of artificial light. The study of global environmental change has to take into
consideration this phenomenon of light pollution (Cinzano et al., 2001). The lack of darkness in night
disturbs circadian rhythm, which has negative impacts on flora and fauna.
Duriscoe (2001) formulated optimistic appeal: ,Unlike losing a species to extinction, topsoil to erosion,
or virgin lands to development, the night sky is 100% recoverable”.
There are only few areas in Europe, where night sky is not polluted by artificial light sources.
Therefore, it is important to preserve the quality of dark sky in these areas and to improve it using
various measures. One of them is the establishment of Dark Sky Park in such regions. The first
condition for that is dark sky and the restriction of disturbing artificial light factors using effective
measures (Held et al., 2013).
Areas with dark sky can be established as Dark Sky Park by several organisations:

¢ Royal Astronomical Society of Canada (RASC)

e International Dark Sky Association (IDA) establishes: Dark Sky Communitie, Dark Sky

Reserves , Dark Sky Parks

e Starlight Initiative establishes: Star Parks, Starlight Reserves
Nature tourism
According to United Nations World Tourism Organisation (UNWTQ) nature tourism is the form of
tourism, by which the observation and enjoying of nature is the main motive of travelling (UNWTO,
2002).
Nature tourism is a responsible travel to natural areas, which conserves the environment. It is tourism
based on the natural attractions of an area. Examples include birdwatching, photography, stargazing,
hiking, fishing, and visiting parks (Nature Tourism Programme, 2014).

Materials and methods

Methodological progress can be characterised as integrated and logical flow of following steps: the
reconnaissance of terrain, the study and the analysis of documents and scientific literature, the
mapping of external lighting, the measurement of night sky brightness. The geographical location of
model area is shown on Figure 1. At present, it is almost finished the proposal of Dark Sky Park
Nossentiner/Schwinzer Heide. The selected aspects of this concept (night sky brightness
measurements, involved persons and lighting plan) are introduced in this paper.
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The measurements of night sky brightness were done in Nature Park Nossentiner/Schwinzer Heide
(NP NSH) at many sites in months: January 2014, July 2014 and September 2014. The selection of
suitable sites for measurements was done according to knowledge about region. Only sites, which
allow the measurement of free sky without its covering or eclipse, were accepted. Another criterion
was the spatial distribution of sites within NP NSH and the transport accessibility of each site.
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Fig. 1: Geographical location of study area

Sky Quality Meter L (SQM-L) by Canadian company Unihedron was used to measure night sky

brightness in astronomic units magnitudes per square arcsecond (mag/arcsec) Scale is inverse,

where high values mean dark sky:

21.7  truly dark sky, Milky way is visible up to horizon, black clouds

21.4  zodiacal light (in the evening in spring and in the morning in autumn) is well visible; Milky way
is well visible; clouds above town are bright on horizon

20.5 Milky way is visible with low contrast, clouds are bright

19.5  Milky way is hardly discernible

18.5 few stars, very bright sky

The measurement of night sky brightness took important part in the concept preparing of new Dark

Sky Park Nossentiner/Schwinzer Heide.

Results

The concept of Dark Sky Park NSH was prepared using knowledge and experiences from
implemented project Dark Sky Park Poloniny in Slovakia (DSP P). DSP P is located within area of
National Park Poloniny on the borders with Poland and Ukraine (Figure 2). It was established on the
occasion of International year of biodiversity in 2010 as the first dark sky area in Slovakia and the 20"
in the world with the total area of 48 519 ha. It is characterised by extraordinary low population density
(9 inhabitants per 1 km?). DSP P has the lowest light pollution in Slovakia. Average night sky
brightness reaches 21.5 mag/arcsec It is possible to observe objects and phenomena such as
zodiacal light, or gegenschein (from German, established term in English).

Nature Park Nossentiner/Schwinzer Heide is one of the darkest places in Germany (Figure 3). This
region has low population density (8.7 inhabitants per 1 km? ). This fact is of high ecological importance
for night species protection and can be fully used for the development of offered nature tourism in the
form of night sky park. In co-operation with villages, it is necessary to implement innovative external
lighting, which reduces emitted light from settlements and contributes by climate protection.

The cooperation of several involved persons is needed during the establishment of DSP NSH (Figure
4). On the one side, it is important to gather knowledge and experiences within topic from various
aspects. On the other side, scientists from existing Dark Sky Parks and other multipliers should spread
information.
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Fig. 2: Map of light pollution in Slovakia with the location of Dark
http://fijfi.cce.cz/astro/celp.ipg

Fig. 3: Map of light pollution in Germany with the location of Nature Park Nossentiner/Schwinzer Heide

(right). Source: www.lichtverschmutzung.de

Regional associations of tourism bear the highest responsibility for the marketing of concept through
the creating and the support of attractive activities for visitors. Nature Park Service is the main
coordinator in all processes. The participation of inhabitants is necessary to achieve acceptation. The
building of network among those involved persons may achieve that dark sky park will be a tool for the
support of economically weak regions.

local inhabitants

Regional Associasion
for the Development of
Tourism

multipliars

Dark Sky Park
Nossentiner/Schwinzer Heide

Visitors

Mational Park Service

Fig. 4: Involved persons in Dark Sky Park Nossentiner/Schwinzer Heide

Info centre
Karower Meiler

The important part of concept was the selection of sites, which are suitable for astronomical
observations. Selected sites had to fulfil following criterion:

¢ no light pollution sources in visual field (360°), ideally near water level

e well transport accessibility — existing infrastructure (parking places, roads, tourist paths)

e suitability for tourism from species and area protection viewpoint (exclusion of sites, which are

the part of NR and FFH)

Following table (No. 1) shows brief overview of night sky brightness measurements at selected sites in
NP NSH
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The sites, which belong to class 4 and 5, are the most important from the view of concept and
realisation of Dark Sky Park NSH compare with Figure 5. They are ideal sites for astronomical
observations as they reach values greater or equal to 21.40 mag/arcsecz.

Tab. 1: Distribution of sites into categories

Class Value (mag/arcsec?) Number of sites
Class 1 | 18.5-19.49 1

Class 2 | 19,50-20,49 2

Class 3 | 20,50-21,39 20

Lighting plan

The goal of lighting plan is to set stable rules and directives for external lighting in proposed Dark Sky
Park NSH. Essentially, there should be no inappropriate external lighting in Nature Park NSH in the
future. As Figure 6 shows, the best lights are those, which’s the ratio of effectively used light is the
highest (two most right lights in Figure 6). The example of such lights is shown in the Figure 7.
Important parameter by the assessment of unused emitted light is Upward Light Ratio. It describes
how many percent’s of light are emitted into atmosphere in imaginary circle above lighting. Optimum
value is equal to 0. In this way, it is one of criterion valid for Dark Sky Park (Luginbuhl et al. 2006).
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Fig. 5: Selected sites for night sky brightness measurements in Nature Park Nossentiner/Schwinzer
Heide
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Fig. 6: Ratio of effectively used light by different lighting types (© S.A.F.E.)
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Fig. 7: Examples of appropriate lighting in NP NSH (©Koch, 2014)

Discussion

The concept of Dark Sky Park Nossentiner/Schwinzer Heide is not the first planed dark sky park in
Germany. Naturally dark sky is rare phenomenon in developed countries. Therefore, it is necessary to
protect it. Naturally dark sky is the base condition for the establishment of Dark Sky Park, which is
basis for the increase of area attractiveness from astro-tourism viewpoint.

The topic of dark sky parks was discussed by several authors (Kossack 2013, Held et al. 2013, Marin
et al. 2010). E.g. Kossack (2013) lists the tourism advantages of such parks on the example of Nature
Park Westhavelland. The author came to conclusion that this form of tourism is not only sustainable,
but it also prolong tourist season and enlarge the attractiveness of Nature Park. The concept of dark
sky park enables to enlarge added value of region and its economical utilization within sustainable
development in margin regions.

Conclusions

Dark sky protection and light pollution elimination belong to important environmental problems in
developed countries, i.e. Germany, too.

The establishment of Dark Sky Park is one of useful nature tourism tools, which is basis for astro-
tourism. Measurements confirmed that Nature Park Nossentiner/Schwinzer Heide fulfil difficult
requests for night sky quality, as well as other requests for the establishment of dark sky park. At the
same time, the basis of regional partners was created, which will further develop concept. It is
assumed that it will increase added value of this margin region and it will improve its position from the
viewpoint of sustainable tourism implementation.

References

Cinzano, P., Falchi, F., Elvidge, C. D. (2001): The first World Atlas of the artificial night sky brightness.
Padova: Universita® di Padova, Dipartimento di Astronomia, 707 pp.

Duriscoe, D. (2001): Dark-Sky Park Program In: Weickelt, H. (2010): Der Naturpark Westhavelland als
Sternenpark? - Aspekte von Okologie, Beleuchtung und Tourismus. Bachelorarbeit, HNE Eberswalde:
Hochschule fur nachhaltige Entwicklung, 68 pp.

Held, M., Holker, F., Jessel, B. (2013): Schutz der Nacht — Lichtverschmutzung, Biodiversitat und
Nachtlandschaft. Bonn: Bundesamt fiir Naturschutz, 189 pp.

Kossack, S. (2013): Entwicklung von Erfolgsfaktoren fir die touristische Nutzung von Sternenparks.
Master Thesis, HNE Eberswalde, Hochschule fir nachhaltige Entwicklung, 123 pp.

Luginbuhl C., Jones, R., Richman, A., Moore, C. (2006): Dark-Sky Program.- Version 1.31, Arizona
Marin, Cipriano, Wainscoat, Richard; Fayos-Sola, Eduardo, (2010): 'Windows to the Universe'"
Starlight, Dark Sky Areas, and Observatory Sites. Paris: International Secretariat of ICOMOS, 283 pp.
Nature Tourism Programme, (2014): What is nature tourism? Online:
https://tpwd.texas.gov/landwater/land/programs/tourism/what_is/

UNWTO, (2002): Ecotourism and Protected areas. Online: http://sdt.unwto.org/en/content/ecotourism-
and-protected-areas, 93 pp.

Acknowledgement
This article was supported by VEGA-Project No. 2/0133/14.

Souhrn

V poslednich letech vyrazné stoupa poptavka po novych, environmentalné vhodnych formach turismu,
ke kterym patfi i pfirodni turismus. Zejména v zapadnich zemich jsou etablované rizné aktivity, pfi
kterych je pozorovani pfirody Ustfednim motivem samotného cestovani (bird watching, astroturismus).
Posledné jmenovand aktivita je bezpochyby environmentalné vhodnou, majici minimalni negativni
dopad na slozky ZP, ¢&i krajinu. Zakladnim pfedpokladem pro vyhlageni Gzemi za napt. Park tmavé

- 284 -



oblohy je pfirozené tmava obloha a minimalni svételné znecisténi, které zajidtuji moznost pozorovat
tmavou nocni oblohu se vSemi jejimi specifiky. Astroturismus se stal efektivnim nastrojem rozvoje
ruralnich oblasti jiz v nékolika zemich svéta, aktualné se etabluje v ekonomicky vyspélych zemich
(Némecko), kde jsou Fidce osidlené oblasti, postupné vyhlaSovany za Parky tmavé oblohy a tmava
nocni obloha se stava predmétem ochrany ve smyslu mezinarodnich pravidel. Jednou z téchto
raritnich oblasti je i Pfirodni park Nossentiner / Schwinzer Heide, kde se dokonduje koncept Parku
tmavé oblohy. Vybrané aspekty tohoto konceptu pfedstavujeme i v nasem prispévku.

Contact:
RNDr. Martin Labuda, PhD.
Phone: +421 260 296 589, e-mail: mlabuda@fns.uniba.sk
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VISITORS' PERCEPTION OF CHOSEN SUBURBAN RECREATIONAL LOCALITIES OF
BRATISLAVA CITY
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Milynska dolina B2, 842 15 Bratislava, Slovak Republic

Abstract

Suburban tourism is considered as a subsystem of recreational tourism. It is organized in appropriate
leisure area near by cities, agricultural and residential agglomerations (Michalova, 2001). The target of
its recreation-health function is focused to the regeneration of physical and mental power of people,
the freshness and body amenity in their interrelationships. This is a theoretical basis of our research
started in 2014 year.

The main target of our research are suburban recreational localities of Bratislava city. As the initial
step the method of questionary with a goal to recognize visitors'view on main components of their
satisfaction with the quality of provided services on attractive localities which are appropriate for trips,
walks and whole day tourings was chosen. Questionary survey was realized in natural environment of
Zelezna studnicka situated in the landscape protected area Small Carpathians and natural-cultural
environment of Devin castle surrounded by various protected zones and elements.

The focus of our research is in a harmony with the National Tourism Development Strategy to 2020
year (MDVRR SR, 2014), concrete with the particular strategic aim: improved exploitation of natural,
cultural and historical potentials of Slovakia in existing developed destinations.

Key words: survey, tourism, Zelezna Studnicka, Devin

Introduction

Cities possess a various degree of attractiveness for tourism. A good outlook for further growth can be
found especially in cities with a well-preserved historical centre, which have been declared historical
reserves, can boast a number of natural and cultural monuments, sufficient infrastructure and organize
events attractive for tourists. Tourism in cities is quite a complex phenomenon, which has begun
growing significantly in the past decade. The number of city tourists has been increasing, which results
in the rise of tourism intensity. Tourism in cities is concentrated in specific areas, the so—called
municipal tourist districts (Hayllar, Griffin, Edwards, 2008). These areas are noted for a high amount of
tourist attractions, and, as a result, a high density of tourists and services related to tourism.

The expansion of urbanization is also connected to a growth in suburban tourism as well as suburban
recreation. Suburban recreation is linked to natural environment, which through its quality makes it
possible to enjoy one’s physical well being and mental relief. It is an asset to an activization of this
area and its tourism branches, too. Recreation can take place within the site itself or in its close
vicinity. Suburban recreation usually has a short-term character. Often it is only a half a day’s, one
day’s or a weekend’s long recreation combined with staying overnight. Its typice feature is a small
distance between a place of residence and recreation site. (Gucik, 2010).

Recreation area, where suburban recreation can take place, has a diverse character depending on
what ways people spend their spare time. It is, in a broader sense of the word, constituted by places
offering an oportunity to recognize arts, historical and cultural monuments, nature as well as places
assigned to sport and leisure.

It is important for human health and well-being to balance the growing uniformity of the environment,
frequent dreariness of a job, overall hasty and overtechnized consumer way of life with beauty,
uniqueness, art and closeness to nature. (Kvasnic¢kova et al., 2002).

Visit rate of a recreation place depends on a quality and attractivity of environment, important is also a
level of services offered as well as an accesibilty to the location. The needs of visitors are quite
diverse, and can be divided into target and facilitating. In order to satisfy them there is the product of
tourism, with services being its major part. The ability to satisfy the needs and fulfill visitors’
expectations is dependent on the quality of services, which reflects a sum of their usefulness
attributes. Useful characteristics of services are marks of their quality (OrieSka, 2011). Quality
expresses a sum of usefulness attributes and characteristics of services (commodities), which give it
the ability to satisfy customers” needs and expectations. Quality does not have to be understood as
the highest level, as the best and most expensive, though, as a guest may expect. As a service
satisfies a customer’s needs, he understands quality as a balance of his expectations about the
service (commodity) with reality. In tourism, quality is considered as one of the decisive factors in
customers” satisfaction. Characteristics of a service or offering a service may be quantitative
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(measurable) or qualitative (comparable). Decisive in evaluating the quality of service is an
assessment by a customer, whose needs and expectations are fulfilled by their usefulness attributes.
That is why it is necessary to emphasize the importance of the customer’s perception of quality.
(Gucik, 2001).

The translated article brings partial results of a study conducted in the area of Bratislava from the point
of view of torurism growth.

Aim and methods of survey

The major aim of exploring the city of Bratislava was, by means of a questionnaire research, to assess
the perception of suburban recreation localities of the city of Bratsialava by its visitors as well as their
views on main constituents of satisfaction with the quality of offered services. The explored areas of
interest were locations of Zelezna studnicka and Devin, which are areas suitable for trips, walks and
day-long hiking. 202 respondents were addressed. The filled-out questionnaires were received from all
of the addressed respondents (100 % return).

The questions in the questionnaire were answered by 102 respondents from Devin locality and 100
respondents from the locality of Zelezna studnicka. The staticstical body therefore comprised 202
respondents (n = 202). 46 % of males and 54 % of females participated in the study, with the
population rating from 16 to 45 years of age being the major part. Out of all the participating,
represented were respondents with university education (63 %), secondary education with school-
leaving exam (31 %), secondary education without school-leaving exam (2 %) and elementary
education (4 %).

For the purposes of the study an interrogative method was chosen — a questionnaire suitable
especially in cumulative collecting of information, but also in gaining opinions and attitudes to issues
froma higher number of respondents (HalaSova, 2001). The questionnaire consisted of open, scaled
and semi-closed questions/items, which offered a possibility of selecting a single or multiple answers.
Collecting data took place in 2014 year. Respondents were addressed in person and asked to fill in
the questionnaire.

Characterization of affected area

Bratislava is the largest city in Slovakia with its area of 367,58 km?2. In terms of geomorphological
structuring, the area of the city incorporates three gemorphological bodies. All the southern and
eastern part of the area is taken by Podunajska flatland, and Podunajska lowland, respectively. In the
central part of this area altitude rises due to Small Carpathians mountain range, which splits into Devin
Carpathians and Pezinok Carpathians. The area of the city is touched by the southern bulge of
Zahorska lowland known as Borska lowland range. Several water courses flow through the area of
Bratislava. Out of these, river Danube, together with its tributary river Morava, stands for the most
important and commercially used.

The area of the city was in 2011 year inhabited by the population of 415 589, out of which 194 279
were males and 221 310 were females. More than 75 % of its inhabitansts work in service sector,
made up primarily of commerce, banking, informatic technologies, telecommunications, tourism etc.
The city can be considered as one of the most signifiant Slovak tourism centers. The central part of
the Old City is a historical monument zone, while the historical core together with Bratislava castle and
Podhradie is a historical reserve. Moreover, Bratislava boatsts lemure zones, parks and facilities with
abudance of natural features, which allow for lemure and sport opportunities as a part of suburban
recreation.

Zelezna studnicka belongs among the most frequently visited recreation sites of Bratislava. It’s one of
the Male Karpaty forest park locations in Bratislava as well as a popular recreation and sports natural
resorts in Bratislava. The Vydrica stream flows through it, which supplies four ponds in its middle with
water. In the vicinity of the prime stream there are springs, wells and wetplands. A peculiarity of
Zelezna Studnicka is the harmony of technical purpose buildings (mills, flumes, ponds, forest and
fishing industry installations) with buildings popular with Bratislava population of all generations.
Zelezna Studnicka was settled by millers, who built mills there, centuries ago. Water mills, which were
first noted as soon as 1455 year, vanished and have been used as sight-seeing restaurants. They
used to be the target destination of an excursion path in past. Out of these mills, the 9th one — Suchy
mly, has been preserved. Klepac, originally the 7th mill, disappeared before 1970 year and is but a
ruin today. A notable technical monument is the system of four lakes built in 1846 year serving as a
propeller of nine Vydrica mills. Lakes are nowadays used for fishing. The city intends to use them
perspectively for rowing. The instructional path Cerveny most — Zelezna Studienka — Kamzik — leads
through Zelezna Studienka. The path leads through locations which are not only interesting from the
point of view of recognizing historical and natural values, but also attractive for tourism.

- 287 -



Devin is deemed to be one of the most beautiful locations in Bratislava. Its vicinity provides exquisite
natural sceneries, interesting cycling routes, touristic paths, proximity to Small Carpathians. Among
tourist attractions belongs Devin castle, too. At present Devin castle and his nearest proximity count
as the most popular short hike paths out of the capital. Apart from the chance to visit the castle itself,
it offers opportunities for walks on the riverside of the Danube under the castle rock, beside Morava
and across adjacent streets of Devin (local part of Bratislava). The increased interest of tourists is
reflected and adjusted in the offers of refreshment and restaurant services near the entrance to the
castle premises as well as on the Danube riverside.

Both localities and their environment are wellknown also by their natural beauties full of protected
areas (see table 1). Zelezna studnicka is situated on the boundaries of Protected Landscape Area
Small Carpathians as well as close mountains toward Devin castle.

Tab. 1: Protected areas of Zelezna Studnicka and Devin (SOP SR, 2015)

Landscape Year of Level of
Type Name Protected Expanse (ha) declaration .
L protection
Area (revision)
Devin
NPP Devinska hradna ) 1,7000 1985
skala 4
. Small
NPR Devinska Kobyla . 101,1157 1964, 1986
Carpathians 4
PP Devinska lesostep - 5,0966 1992 4
CHA Devinske aluvium ) 253,1600 1999
Moravy 4
34,3772
PR Slovansky ostrov - (protected 2009
zone 2,5562) 5
CHKP Vapenicky potok - 2,5161 2007 4
. : Small
PR Fialkova dolina | o athians | 20,5879 1993 5
Zelezna Studnicka
PP Rosslerov lom - 23828 | 1990 | 4

Notes: NPP — National Natural Monument, PP — Natural Monument, NPR — National Natural
Reservation, PR — Natural Reservation, CHA — Protected Area, CHKP — Protected Cultural Monument

Instead of that Zelezna studnicka locality is intersected by SCI (SKUEV0388 Vydrica) and close to
Devin castle is located as SCI (SKUEV0280 Devinska Kobyla) so SPA (Dunajske luhy).

From the poit of view of wetlands close Devin castle locality is located the internationally important
wetland Morava River floodplain.

Analysis and interpretation of results

Obtained data from 202 questionnaires were qualitatively evaluated. Tables showed results in quantity
rates (%). At the beginning were respondents asked for ,What was a main reason for visiting the
locality?” The evalutaion is representing by the table 2.
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Tab. 2: Main reason for visiting the locality

Type of Reason Devin (%) Zelezna studnicka (%)
Relaxant 64 56

Nature beauties 54 37

Culture and history 39 4

Sport 19 34

Other: visiting the playground and/or

sportground 0 9

Other: to take a dog out for a walk 2 0

Other: friends” meeting 3 2

Other: health walk 0 1

As we can see visitors of Devin locality came there mainly for a leisure (64 %), nature recognition (54
%), culture and history (39 %). Zelezna studnicka area was mainly visited for the purpose of leisure
(56 %), nature recognition (37 %) and sport (34 %).

To the locality of Devin came 38 % respondents by city public transport, 33 % respondents by the car,
18 % by the bicycle and 11 % by walking. To the locality Zelezna studnicka came 55 % respondents
by the car, 31 % by city public transport, 9 % by the bicycle a 5 % by walking.

Respondents were also invited to evaluate their satisfaction with services quality offered at the locality.
The results overview is showed in the table 3.

Tab. 3: Services evaluation

Devin Zelezna studnicka
Services (%) (%)

1 2 3 4 1 2 3 4
Traffic and parking 62 19 19 0 63 22 15 0
Existing information
system — —  tourism | ,q 23 22 6 53 13 34 0
marking, informatio
tables
Tourism information 19 1 42 28 26 8 54 12
centers
Feeding and | g4 10 35 2 47 25 26 2
refreshment
Participation in
cultural activities and | 51 1M 28 10 55 12 31 2
entertainment
Enjoyment of - sport, | 5¢ 8 26 10 92 3 5 0
relaxation
Tourism services level | 32 30 24 14 41 28 30 1
Level —of services | 44 41 11 0 39 37 24 0
prices
Other services
(shops, municipal
services, health | 22 9 60 9 30 1M 59 0
services, banks, post
office)

Notes: 1-satisfied, 2-unsatisfied 3—unused, 4-missing

Respondents of both localities used mainly traffic, feeding, sport-recreational, cultural and information
services. Respondents of Devin locality were mainly satisfied with traffic and parking (62 %),
possibilities for sport/leisure enjoyment (56 %) and feeding and refreshment possibilities (53 %).
Unsatisfied were with the level of services prices (41 %), tourism services level (30 %) and existing
information system (23 %). Respondents of Zelezna studnicka were satisfied mainly with possibilities
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for sport/leisure enjoyment (92 %), traffic (63 %) and possibilities for cultural/entertainment
possibillities (55 %). On the contrary they were unsatisfied with the level of services prices (37 %), %),
tourism services level (28 %) and with feeding and refreshment possibilities (25 %).

At both localities respondents point out missing tourism information centres (28 % Devin, 12 %
Zelezna studnicka).

Finally visitors were asked about 2 open questions ,What did you not like at the locality (what did you
negatively amaze)?“ and on the opposite ,What did you like at the locality (what did you positively
amaze)?* Resulting from answers visitors consider few parking places (16 %), weak social facilities
(13 %), waste contamination (8 %), absence of waste baskets (8 %) and unsatisfied information
system (1 %) as main problems. Respondents were also unsatisfied with the level of feeding facilities.
At the locality Devin respondents consider weak quality of feeding facilities (14 %), absence of waste
baskets (9 %), weak information system (8 %), weak social facilities (7 %), waste contamination (3 %),
weak maintenance of traffic (3 %) and weak possibilities for sporting (2 %) as main gaps.

Respondents of Zelezna studnicka indicated the locality as ideal for leisure and relaxation for families
with children, young people and doglikers (8 %). They liked nature (32 %), playgrounds and sporting
possibilities (17 %), lot of attractions (14 %), boating possibilities (6 %), reconstructed amphitheatre (5
%), tourism trails (1 %) and existing of eduactional tables (1 %). At the locality Devin were visitors
fascinated with beauties of surrounding nature (52 %), activities organised on the castle Devin (11 %),
cultural actions (6 %), tourism trails (4 %) and educational tables (2 %). Some of them were satisfied
with services (3 %) and traffic (2 %).

Conclusion

Within the acitivities of suburban recreation the influence of the age was very important. At localities
mainly young people were overweigted. It could be concidered as a favorable trend, but at the other
hand it must be increased sevices development for different age categories, too.

Visitors mainly critically refered unsatisfied quality and sortiment of feeding/social facilities, parking
and problems with waste contamination. Positively were accepted mainly nature beauties and the fact
that both localities could be considered as ideal places for leisure and relaxation.

To maintain the aim of the national tourism strategy, the sortiment and quality of services including
traffic and parking must be increased in future. As both localities and their environment are full of
natural protected areas also many restrictions are need to be maintain, especially creation of new
trails at Zelezna Studnicka locality (SKUEV Vydrica), walking out-off official trails at Devin locality
(SKUEV Devinska Kobyla) and using of light and sound effects on both localities.
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Souhrn

Pfiméstsky cestovni ruch je subsystémem rekreacniho cestovniho ruchu. Je to rekreace, ktera se
pofada ve vhodném rekreacnim prostoru v blizkosti mést, primyslovych a sidelnich aglomeraci
(Michalova, 2001). Jeho funkce je rekreacné-zdravotni, kterd se zaméfuje na regeneraci fyzickych a
dusevnich sil Clovéka, zdatnost, svézest a télesnou pohodu v jejich vzajemném propojeni. Tato teze je
zakladem naseho vyzkumu. Hlavnim cilem zkoumani je pfiméstsky cestovni ruch ve mésté Bratislava,
kde jsme si na zacatek zvolili prostfednictvim dotaznikového vyzkumu zjistit pohled navstévniky na
hlavni komponenty spokojenosti s kvalitou poskytovanych sluzeb na lokalitach, které jsou vhodnym
mistem pro vylety, prochazky a celodenni turistiku. Dotaznikovy vyzkum byl proveden v pfirodnim
prostiedi Zelezné studanky a v pFirodné-kulturnim prostfedi lokality hradu Dé&vin. ZaméFeni vyzkumu
je v souladu se Strategii Ceské republiky rozvoje cestovniho ruchu do roku 2020, ktera si jako jeden
ze svych 3 cild zvolila Iépe vyuzivat pFirodni a kulturné-historicky potencial Slovenska podporou
cilovych mist, kde jiz existuje stabilizovany poptavka kliCovych trhd, tzn. nepodporovat nova cilova
mista s nestabilnimi segmenty trhu, které nepfinesou dostate¢ny synergicky efekt.

Z vysledku vyplyva, Ze navstévnici na lokalitu Dévin pfisli zejména za uc¢elem odpocinku, poznavani
prirody, kultury a historie. Areal Zelezné studanky navstivili navstévnici za G&elem odpoginku,
poznavani kras pfirody a sportu. Naopak navstévnici kritizovali zejména nedostateénou kvalitu
stravovacich zafizeni a malou pestrost nabizenych sluzeb. VSe ale tfeba zlepSovat v souladu
s ochranou pfirody a krajiny nakolik jsou obé lokality zajimavé i z tohoto hlediska.
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Abstract

Small water reservoirs are one of the principal elements of agricultural landscape in the Central
European context with different functions including fishing, angling, recreation activities. In the Czech
Republic, small water reservoirs have a long historical tradition, related in particular with fish farming
and construction of ponds. Relation between functions of selected small water reservoirs and water
quality was studied at four localities. Ecosystems of monitored SWR with constructed wetland areas
(littoral zones) significantly eliminated the pollution brought by the inflows (streams). It was confirmed
that the character of outflow water quality changes is fundamentally influenced by the inflow water
quality and recreation fish stock management.

Key words: small water reservoir; pond; water quality; angling; pond restoration

Introduction

Small water reservoirs are one of the principal elements of agricultural landscape in the Central
European context (Juszcak, Kedziora 2003). They represent one of the most valuable natural
components of the cultural landscape, otherwise entirely transformed by intense human activities
(Waldon 2012). In the landscape, small water reservoirs fulfil a number of important roles. From the
environmental point of view, they are significant local biocentres increasing the biodiversity of the
landscape. In addition, small water reservoirs influence the microclimate. From the point of view of the
water management, they retain water within the river basin and affect its further distribution; they
influence the groundwater level and the soil moisture (Kosturkiewicz, Fiedler 1996). If the retention
area is handled correctly, they are able to transform the flood waves.

Small water reservoir, including ponds, may also contribute to the improvement of water quality, if the
principles of their correct management are observed (Rozkosny et al. 2011, VSeti¢kova et al., 2012,
2013). Despite their irreplaceability in the landscape, small water reservoirs are among the European
endangered ecosystems and they are under incessant anthropogenic pressure. The water reservoirs
near large settlements and those located in intensive farming landscapes are the most sensitive ones,
facing the risk of pollution by sewage, the eutrophication caused by artificial fertilisers, the drainage of
littoral marshlands, etc. (Waldon 2012).

In the Czech Republic, small water reservoirs have a long historical tradition, related in particular with
fish farming and construction of ponds (Vrana 2004). The first ponds were established in this territory
as early as in the 10th century. However, the boom of their construction dates back to the 15th and
16th centuries, connected with the flourishing and economically profitable fish farming run by leading
aristocratic families. The scope of this construction activities is reflected in the estimates of the total
number of ponds in the Czech Lands at the end of the 16th century, mentioning from 75,000 to
78,000 ponds with an area over 180,000 ha. However, it is not possible to identify the final scope of
this phenomenon, since most ponds were suppressed at the end of the 18th century and in course of
the 19th century as a consequence of the introduction of crop rotation farming, the abolition of
serfdom, unprofitability of fish farming and the sugar beet growing. The ponds became new arable
land, meadows and woods. Nowadays, there are around 22,000 ponds in the territory of the Czech
Republic.

Thus, more than two thirds of small water reservoirs were cancelled during the two centuries. The
research of these defunct pond systems and their precise localisation is important for: proving or
disproving the general hypotheses concerning the extinction of ponds in individual regions or
confirmation of the grounds for their suppression; getting to know the local historical hydrological
conditions; identification of the current use of former pond areas and their comparison with the
surrounding non-pond areas (e.g. from the point of view of soil value); identification of the localities for
a possible renewal of ponds, e.g. within National Programmes, such as the Programme of
Revitalisation of River Systems or the current Landscape Care Programme, with a focus on the
selected functions in the landscape

These functions include, apart from the fish farming management, biodiversity enhancement, flood
events protection, protection again arable land erosion and surface water pollution decreasing above
all.
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Materials and methods

The research project QJ1220233 has as a main task a determination of areas of abandoned ponds
within the Czech Republic, assessment of current land-use of these areas and draft of potential
restoration of ponds, not only for fish farming management, but also for other reasons including flood
event protection and surface water pollution decreasing with a focus on phosphorus and nitrogen
retention and removal.

For the solution of these problems, it is necessary to create a spatial database mapping the areas of
the historical ponds, their current use and to prepare in this way the basis for further analyses
(Pavelkova et al., 2012).

The database of the historical ponds which was made with using of the Ist Military Survey from 1764—
1783 and the lind Military Survey from 1836—-1852, as well as the maps of the Stabile Cadastre from
1824-1843, was further analysed in the GIS environment. First of all, the current land-use in the
locality of the historical pond was identified. Modified and aggregated layers of the ZABAGED vector
database were used for this purpose (Pavelkova et al., 2012; Havlicek et al., 2014).

As a second step, we prepared information about retention capacity of different types of the small
water reservoirs and about their retention of nutrients. We used information from ponds and wetlands
monitored by the Water Research Institute, p.r.i. in the period 2000 — 2015. For the detailed
monitoring, there were selected these localities of small multi-purpose water reservoirs, representing
agriculturally managed landscape:

1. Small water reservoir - village Zele¢ - 49.3472344N, 17.1273514E / main functions — water
retention, biodiversity support in the agriculturally managed watershed (almost 90 % of land-
use — arable land)

2. Small water reservoir - village DraZovice - 49.1990025N, 16.9417000E / main functions —
sporting angling, recreation

3. Small water reservoir - village Némcice - 49.4342464N, 16.7091728E / main functions — flood
protection, retention reservoir, biodiversity support

4. Small water reservoir - village Velky Rybnik - 49.4860272N, 15.3088683E / main functions—
flood protection, retention reservoir, biodiversity support

A monitoring of water quality, including suspended solids (TSS), parameters of organic pollution
(BOD, COD, TOC, DOC), nutrient balance (anorganic forms of nitrogen, total nitrogen - TN,
phosphates, total phosphorus - TP) and microbial contamination parameters (Enterococci, Feacal
coliform bacteria), together with a monitoring of phytoplankton was taken in the period 2013 — 2015 in
selected periods of the year with regards to climatic conditions and biological processes based on
previous experience (VSetickova et al., 2012). Monitoring was focused on inlet and outlet of each
reservoir and on the water body of the reservoir. Water temperature, dissolved oxygen concentration,
oxygen saturation, pH value and electrical conductivity were measured by HACH Lange HQ40d
portable meter, in the case of a water body in different depths.

Results

In this section of the article, there are presented results from two localities — Drazovice SWR and
Zele¢ SWR. Both of the reservoirs are used for recreation activities, mainly angling. The localities are
situated in catchment with dominance of arable land as a land-use. In the next tables Table 1 and
Table 2, there are presented average values of water quality parameters analysed from the samples
taken in the inflow and outflow profiles located at the selected retention basins.

The results from DraZovice were divided into two different groups, first for the period without fish
introduction into the water body at the beginning (first year) of operation. The second period
represents monitoring after delivery of fish to the reservoir. Presence of fish and angling activities
means changes in water quality at the outflow profile — an increasing of water turbidity (concentration
of suspended solids and lower removal of phosphorus. The treatment efficiency of the Zele¢ SWR was
high for microbial pollutants, forms of nitrogen and total phosphorus. Similarly to the Drazovice SWR,
average treatment efficiency for BOD, COD and suspended solids was negative, but it is affected by
biological processes occurring in the water body during vegetation periods. Organic pollution
originated in the Zele& village sewer system is highly reduced with the result of primary production
growing.
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Tab. 1: Average values of the water quality parameters at the inflow (In) and the outflow (Out) profiles
of the Drazovice small water reservoir during the two periods in the years 2013-2015. First period (A)
— the reservoir without fish, second period (B) — the reservoir with fish, sport angling

Profile BOD5 | TOC | TSS TN TP

mg/l | mgl/l mg/l | mg/l | mgl/l

DR-A-In 1,48 | 7,0 6,6 0,83 | 0,06
DR-A-Out 1,67 | 6,85 7,3 0,64 0

DR-B-In 4,09 [12,85| 20,9 |4,33]| 0,11
DR-B-Out 3,78 |12,85| 44,3 |3,28 | 0,07

Treatment efficiency (period A) [-13% | 2% | -12% [22 % | 100 %
Treatment efficiency (periodB)| 8% | 0% |-112% (24 % | 37 %

Tab. 2: Average values of the water quality parameters at the inflow (In) and the outflow (Out) profiles

of the Zele& small water reservoir during the the years 2013-2015.
Profile BOD5 | TOC TSS | Enterococci | Feacal coliform bacteria
ZEL In 6.38 7.60 10.1 29 50
ZEL Out 14.87 | 24.75 60.0 2 1
Treatment efficiency | - 133 % | - 225 % |- 494 % 92 % 98 %
Profile N-NH;" | N-NO3™ | N-NOy TN TP

mg/| mg/| mg/| mg/| mg/|

ZEL In 3.72 4.01 0.41 8.66 0.81
ZEL Out 0.49 1.12 0.08 5.07 0.46
Treatment efficiency | 87 % 72 % 79 % 42 % 43 %

Discussion

The extensive and semi-intensive management systems typical for Czech pond aquaculture include
complex production methods with numerous important links within the pond environment itself, to
other connected ponds, and to the surrounding ecosystem (Pechar, 2000). In consequence,
watershed management upstream of fish ponds can significantly affect their functioning by either
enhancing or reducing productivity. Further, fish pond management can substantially modify the
hydrological regime and ecological quality of receiving waters (usually rivers, canals, and ponds
downstream in an interconnected system), again with potentially positive or negative impacts on
watershed functioning (V3etiCkova et al., 2012). Depending on the management measures used to
improve and/or control productivity, therefore, fish ponds can either discharge harmful waste water
into downstream water systems, or act as water bodies in which beneficial ecological processes,
including natural self-purification (biodegradation of organic matter, nutrient retention, etc.), can take
place.

Conclusion

Monitored localities have a positive impact on the nitrogen and phosphorus retention and uptake from
polluted surface waters and diluted wastewaters produced by settlements. Also the reduction of
microbial contamination was significant by the monitored ponds and reservoirs. Ecosystems of
monitored SWR with littoral zones significantly eliminated the pollution brought by the inflows
(streams). It was confirmed that the character of outflow water quality changes is fundamentally
influenced by the inflow water quality and recreation fish stock management.
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Souhrn

Malé vodni nadrze jsou jednim z hlavnich prvkli zemédélské krajiny ve stfedoevropském kontextu s
raznymi funkcemi, véetné rybareni a rekreaénich aktivit. V Ceské republice maji malé vodni nadrze
dlouhou historickou tradici, zejména v souvislosti s chovem ryb a stavbou rybnik(l. Vztah mezi
funkcemi vybranych malych vodnich nadrzi a kvality vody byl studovan na c&tyfech lokalitach.
Ekosystémy sledovanych nadrzi s mokfadnimi pobfeznimi z6nami byly schopny vyznamné eliminovat
znecisténi transportované pfitoky. Bylo potvrzeno, Ze charakter zmén kvality vody v odtoku je zasadné
ovlivnén kvalitou pfitokové vody a vlivem rekrea&niho chovu ryb a sportovnim rybolovem.
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Abstract

Wells had always an important function in landscape, which, however, changed over time. Hunting
wells formed first, then agrotechnical ones used during land cultivation. Later, they began to perform
the pilgrimage and tourist function. Monitoring of several wells around Brno reservoir was the aim of
this study. The actual condition of chosen wells — Slestlvka, Vevefi, Betelna, Rozdrojovicka, Sovi and
U tfi kFizG - was assessed and monitoring of chosen water quality indicators was conducted. Selected
physical, chemical and microbiological indicators were evaluated. The results were compared with the
limits for drinking water according to Decree No. 252/2004 Sb., as amended. From the results it can
be concluded that water quality in wells depends on their location in the field — there were shown
effect of agriculture, transportation and settlements (wastewater discharge). Direct consumption of
water is not recommended either from one of the wells.

Key words: water pollution, monitoring, microbiological analysis

Introduction

Spring is a place, where the underground water rises in the surface. The well is a spring, which is
modified by the human activity, e. g. walled, roofed, with drain. The wells are among the most
vulnerable sources of drinkable water, because their water quality subjects to very rapid changes.
They serve primarily as natural waterholes for wild animals before the human started to exploit them.

Materials and methods

The labour is focused on the monitoring of water quality in selected wells around Brno reservoir. First,
the detailed field survey was done and individual wells were chosen and charted. Subsequently the
chosen indicators were determined right on the site together with water sampling for each of the wells.
The water samples were determined in the lab of DALE (Mendel University in Brno).

Water sampling of six wells (Fig. No. 1) was realized four times, 2013/03/17, 2013/09/06, 2013/02/10
and 2013/12/20.

Right in the site pH, dissolved oxygen (mg/l), conductivity (uS/cm) and water temperature were
determined. These parameters were measured by a multimeter HQ 30d flexi by HACH LANGE.
Subsequently the concentrations of nitrate, nitrite, iron, chloride, sulphates and COD were determined
in the lab of DALE (Mendel University in Brno) on the spectrophotometer DR/4000 by HACH LANGE
as well. The analysis of microbiological indicators was made in the lab of the Department of
Microbiology (2013/11/21) — total colony at 22°C and total colony at 36°C, coliforms and entercocoos.
The last sampling from the well Vevefi was not realized because of the shortage of the water. Missing
chemicals for the determining of chloride were the next problem.

The results of these analyses were compared with the hygienic limits for drinkable water listed in
Annex No. 1 of Decree No. 252/2004 Sb. as amended (Poral vefejné zpravy). Subsequently,
information boards for chosen wells were designed.

Characteristics of the wells

Slesttvka

The spring is located in a small biocorridore among farmland close to the south edge of Veverska
BitySka. The well is preserved spring at which there stands the chapel of the Virgin Mary. The chapel
was built in 1896 by Jan Dvorak gratitude for recovery from a serious iliness. (Estudanky, 2013)
Delivery tube is richly covered with moss and red cold-algae. The spring is surrounded by farmland.
Coverage of the wells fluctuated during the year consequently involves a change in water quality. The
well is influenced by its surrounding, which is agriculturally used. Previously, this water was
considered sufficiently good quality even for infants.

Veveri

There is a brick fountain east of the road under the castle Vevefi close to the footbridge. This well was
built in 1934. It is situated close to the bay, just above the water level of the dam. Previously, the
fountain was an entrance to a secret supply corridor of the castle Vevefi. Water comes largely from a
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single source of Veverka stream, which discharges in these places into the Brno dam (Drapalova et
al.)

The spring is very shallowly captured. Coverage varies widely, mainly during dry summer, and in
winter, when there the water level of Brno dam is reduced.

Betelna

the entrance to the Podkomorské lesy. The well is close to the unmarked forest path and it has two
outflows. It is used mainly by gardeners from surrounding lodges. In previous years, the water in the
well slightly exceeded the quality of infant waters. Negative affect of the surrounding facilities is
reflected on the water quality in the spring.

Rozdrojovice well

Above Rozdrojovice on the red-marked hiking trail Rozdrojovice spring rises. The access road and
surrounding of the springs are in contrast to wells maintained. Coverage varies widely depending on
precipitation.

The well has a relatively low yield year-round, except a period during the spring thaw. Water has an
average quality. Fountain is mainly used by cottagers.

Sova well

This discrete spring is located on the yellow tourist trail linking the village Rozdrojovice with the left
bank of the Brno dam. The well is on the slope of a forested hill Trndvka, under the bike trail. Spring
itself is made up of stone blocks with a statue depicting an owl. From this block water flows through a
stainless steel tube and falls into the hole in the stone under which the drain is located. The spring is
relatively abundant.

U tri kriza

The well, so called U kamene, is located on the south side of the village Chudcice, approximately in
the middle of the Calvary. Calvary was built in 1856 consisting of 14 chapels. At the point, where there
was the chapel of The Saint Cross in 1784, three wooden crosses were later erected. This pilgrimage
place received its present name (at Tree Crosses) because of this. (Estudanky, 2013)

The spring flows from the concrete terraces, which lies beneath the chapel of St. Mary Help of
Christians. It was built as a gratitude to God for such precious and healing water. Chapel was built by
Josef Kotovic.

Spreading of a well varies widely in the dry season.

Results and discussion

The water temperatures in all wells correspond to the temperature of the air, because the wells do not
seepage of deep groundwater.

The limit for electrolytic conductivity according to Decree no. 252/2004, as amended, is 125 mS/m
(Poral verejné zpravy). None of the measured values do exceed this limit. Overall the highest
conductivity was observed in wells Slestlivka and Betelna (about 80 mS/m).

The pH of drinking water is determined in the range from 6.5 to 9.5 (Poral vefejné zpravy), the
measured values for all wells ranged in this limit.

Elevated nitrate concentrations (Fig. no.2) were measured regularly at wells Slestivka and Betelna
when the highest value exceeds the limit for drinking water of 50 mg/l. This is probably caused by
runoff from the surrounding farmed land. Values above 50 mg/l were also affected by higher
precipitation totals for the last 14 days prior to sampling.

During the monitoring of water quality nitrite value was not measured higher than the limit for drinking
waters according to Decree 252/2004 Coll. is (0.05 mg/l).

COD can be viewed as a problematic indicator (Fig. no.3). The limit for drinking water of 3.0 mg/l was
exceeded in almost all sampling in all wells. This is probably the organic pollution from wastewater.
The concentration of sulphates at all analyzes were below the set limit of 250 mg/I.

The total iron generally ranged below the limit of 0.2 mg/l, only wells Betelnd and Sovi in June were
found higher values (around 0.4 mg/l). A sudden increase in the concentration of iron could be caused
by corrosion of pipes, where spring flows from both wells. Increased iron content is hygienically
insignificant, but affects the organoleptic properties of water.
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Extremely high concentrations of chlorides (Fig. no.4) were found in a well at the castle Vevefi, where
the values varied between 400-500 mg/l, while the limit for drinking water according to Decree no.
252/2004 as amended, is 100 mg / I.

Because high values in the different zones are consistent, it is unlikely that the cause of this
phenomenon was only salinization of the road several meters from the well. Then you should see
greater seasonal fluctuations. The high chloride content could be associated with contamination with
sewage. In this case, the only possible source of applicable Vevefi castle itself. According to the castle
administration wastewater is collected in a sump and regularly siphoned off from it. But we failed to
confirm or refute the fact that the contamination came from this source. To determine the exact source
of contamination would need more long-term measurements, or perform analyzes at other locations
nearby.

The concentrations of chlorides in the other wells are below the limit for drinking water. Exposed is a
fountain Betelna in which there the concentration of chlorides slightly approach the limit (Fig. no.4).
The lowest concentrations are in forest wells: The Three Crosses, Sovi and Rozdrojovice. Chlorides
are hygienically safe for drinking water, but at higher concentrations they may affect the taste of water.
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Fig. 1: Map of chosen wells (www.mapy.cz)
1. Slestlivka; 2. Vevefi; 3. Betelna; 4. Rozdrojovicka well; 5. Sovi well; 6. U TFi KFizl

Table no. 1 shows the results of microbiological analyzes of November 2013. Coliform bacteria are
one of the indicators of faecal pollution from human and animal faeces. Intestinal Enterococci bacteria
are referred to as indicators of dangerous pollution characteristic for sewage water and animal faecal
wastes. The presence of Organotrophic bacteria (viable organisms at temperatures of 22 ° C and 36 °
C) represent data on the total microbial contamination. They are used to determine the ecological
water quality assessments. (AmbroZova, 2004)

Neither of the monitored wells did comply with the limits under applicable legislation. This is probably a
long-term organic pollution caused by runoff from agricultural lands and especially from wastewater.
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Tab. 1: Microbiological analysis

WELL TOTAL COLONY NO. | TOTAL COLONY NO. | ENTEROCOCCUS COLIFORMS
AT 22°C AT 36°C
LIMIT 100NMH - 200MH 20 NMH 0 0
U tFi kFiz 19216 2162 0 11
Rozdrojovicka 231747 246162 1 49
Sovi 88297 0 0 9
Betelna 243 279 1 78
Vevefi 14486 351 0 547
Slestivka overgrown overgrown 3 540
[ 3-
Nitrates (NO™)
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50 H Veveri
40 i Betelna
E B Rozdrojovicka
€ 30
H Sovi
20
B U tFi kFizh
10
0 m— |imit
March June October December

Fig. 2: Nitrates concentration

CODy,

March

June October

December

B S|estlivka

B Veveri

il Betelnd

B Rozdrojovickd
B Sovi

B U tfi krizh

= limit

Fig. 3: COD values
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Fig.4: Chlorides concentration

Conclusion

The results show that the water quality in wells depends on their location. Fountain Slestiivka is
located in a narrow biocorridor surrounded by fields. In this well was recorded higher nitrate content,
which may be caused by fertilizer runoff from farm land. Wells Vevefi and Betelna are other typical
examples. Both wells are located near the road, and therefore disability signalled higher chloride
content, which is probably due to winter maintenance (salting) of roads and wells Vevefi also likely
seepage of wastewater. Only three wells - at Three Crosses, Rozdrojovice and Sovi - are the source
with the appropriate content of chemicals. For these sources there is recorded exceeding the limit of
measured chemical and physical parameters. These wells are located in the forest, and therefore not
directly affected by anthropogenic activities.

After microbiological site any of the wells has not complied with and direct consumption of water of
which can not in any case be recommended.

Design for public information boards at the wells, which are frequently used (Sovi and The Three
Crosses) was another part of the thesis.
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Souhrn

Cilem prace bylo provést monitoring nékolika studanek v okoli Brnénské prehrady. Byl zhodnocen
soucCasny stav studanek — Slestlivka, Vevefi, Betelna, Rozdrojovicka, Sovi a U tfi kfizl a proveden
monitoring vybranych ukazatelt jakosti vody. Hodnoceny byly ukazatele fyzikalni, chemické i
mikrobiologické. Monitoring a odbér vzork(i vody probéhl v bfeznu, €ervnu, Fijnu a prosinci 2013.
V terénu byla méfena konduktivita, pH, teplota a obsah rozpusténého kysliku, v laboratofi UAKE byly
hodnoceny nasledujici ukazatele: dusi¢nany, dusitany, Zelezo, chloridy a CHSK. V laboratofi na
Ustavu mikrobiologie MENDELU byla vlistopadu 2013 provedena analyza vybranych
mikrobiologickych ukazateld - koliformni bakterie, enterokoky a celkovy pocet kolonii pfi 22°C a
36°C. Vysledky byly porovnany s meznimi hodnotami pro pitnou vodu dle vyhlasky ¢. 252/2004 Sb.,
v platném znéni.

Z vysledku vyplyva, ze kvalita vody ve studankach zavisi na jejich umisténi. Studanka Slestlvka je
umisténa v Uzkém biokoridoru obklopeném poli. U této studanky byl zaznamenan vyS$Si obsah
dusi¢nand, coz mlze byt zpusobeno splachem hnojiv ze zemédélsky obhospodafovanych pozemka.
Dalsim typickym pfikladem jsou napf. studanky Vevefi a Betelna. Obé studanky se nachazi v blizkosti
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komunikace, a proto je postiZzeni signalizovano vy$§im obsahem chloridu, které je pravdépodobné
zpusobeno zimni Udrzbou (zasolovanim) silnic a u studanky Vevefi také pravdépodobné prisakem
odpadnich vod. Pouze tfi studanky — U TFi kfiz(, Rozdrojovickd a Sovi — jsou zdroje s pfiméfenym
obsahem chemickych latek. U téchto zdroju neni zaznamenano prekroceni limitu u sledovanych
chemickych a fyzikalnich ukazateld. Tyto studanky jsou umistény v lese, a proto nejsou pfimo
ovlivnény antropogenni ¢innosti.

Po mikrobiologické strance nevyhovéla zadna ze studanek a pfimou konzumaci vody z nich nelze
v zadném pfipadé doporucit.

Dalsi soucasti prace byl navrh informacnich tabuli pro vefejnost u studanek, které jsou nejcastéji
vyuzivany Sovi a U TFi kfizu.
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E-mail: oppeltova@mendelu.cz
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WIND FACTOR IN A PROCESS OF SHORE ABRASION IN RECREATIONAL AREA
OSADA - BRNO DAM RESERVOIR

Lenka GerneSova, Petr Pelikan
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Mendel University in Brno, Zemédélska 3, 613 00 Brno, Czech Republic

Abstract

The paper deals with long term problem of bank erosion observed along the shoreline of Brno dam
backwater zone — recreational area Osada. Usually, the abrasion process is evoked by various factors
however the factor of waves scouring bank toe is considered as the most significant. The permanent
water table motion (wave action) and its parameters are closely related to the local wind
characteristics and horizontal projection of water reservoir. The objective of research is determination
of unfavourable combination of wind direction, wind speed and fetch facilitating the abrasion process
in considered locality. Wind data were gained from numerical weather model GFS for the purposes of
statistical processing.

Key words: bank erosion, numerical weather model, wind characteristics, wind-driven waves

Introduction

The energy transferred to the water level by wind generates a range of wave heights and periods that
increase as the waves travel across the available fetch length (CERC, 1973, 1977, 1984). The fetch
represents the length within which the wind blows over the water table from the opposite side of
reservoir to the point of interest. Wave growth is closely related to the fetch length (Pelikan, 2013).
Wind with constant speed and direction causes the waves which reach its steady state limited by fetch
length. Wave height becomes statistically constant in time but it differs along the fetch.

The primary research of wind-water interactions and wave mechanics had been accomplished in
coastal areas along the shores of world oceans and seas because a basic understanding of coastal
meteorology is an important component in coastal and offshore design and planning (USACE 2002—-
2011). Consequently the similar principles of water wave mechanics started to be considered in
conditions of inland water bodies.

The problem of wind-driven waves was investigated worldwide by many specialists, e.g. Phillips and
Miles (1957), Hsu (1988) the sea conditions and Luka¢ (1972, 1980) Resio and Vincent (1977),
Kratochvil (1987), Slezingr (2004, 2007, 2010), Ozeren and Wren (2009) in the conditions of water
reservoirs.

Experimental shoreline section is situated along the left bank of Brno Reservoir with southwest
exposition. The locality is one of the most affected by abrasion in the Czech Republic, moreover there
is possible to constantly monitor shoreline retreat very well. The Brno suburban area is much-
frequented by tourists, plenty of vacation properties and technical and transport infrastructure is
situated in the close vicinity of shorelines liable to abrasion (Slezingr, 2007, Hrtiza, 2013).

Materials and methods

The available measured and archived long-term wind data do not exist for the locality of Brno
Reservoir. The data of wind direction frequencies were provided by numerical model GFS (Global
Forecast System). GFS is operated by the American organization NCEP (National Centers for
Environmental Prediction), which is part of NOAA (National Oceanic and Atmospheric Administration),
NWS (National Weather Service), USA. Global model is run four times a day (at 00:00, 6:00, 12:00,
18:00 universal time) and an updated prediction time is up to 384 hours. The model has a horizontal
resolution of 0.5 degrees, which represent approximately 50 km.

The data of horizontal projection of water reservoir are necessary to calculate the fetch related to a
given wind direction. Vector data were undertaken from digital water management data base (VUV
TGM).

The problem of determination of unfavourable combination of wind direction, wind speed and fetch
length was solved by geospatial computational methods with the aid of software ArcGIS 10.1 (ESRI)
and AutoCAD Civil 3D 2015 (Autodesk, 2009).
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Results

The wind data statistical processing was accomplished from GFS model archive database for period
2004 — 2013. The time step of three hours gained approximately 26 000 valid data records. Wind rose
graphically represents the results of statistical analysis for the locality of Brno Reservoir (Fig. 1).
Prevailing wind directions and the observed maximum wind speed for evaluated period are depicted.
The values of wind speed are related to the 10m reference level above the ground.
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Fig. 1: Wind characteristics for locality of Brno Reservoir

Investigated shoreline section is situated along the left bank of reservoir with southwest exposition.
Consequent calculations considered only part of all wind directions from NWW to SEE with respect to

the horizontal projection of water reservoir. The winds from other directions, wind-driven waves
respectively, do not affect shoreline due to the wave shade (Fig. 2).
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Fig. 2: Potential fetch variety for the point of interest — Osada

The abovementioned winds cause serious problem for the banks of Osada because these are built-up
by sedimentary rock prone to be scoured by wind generated waves. The most occurring wind
directions are NWW and SE.

The fetch lengths related to the given wind directions were examined with the aid of ArcMap tool
Euclidean Distance (Spatial Analyst, Distance). The results show the most unfavourable SSE direction
as the fetch length overreaches 2 kilometers (Fig. 2).

The final analysis consisted in combination of factor of wind direction frequency and fetch length (Fig.
3). The task was accomplished with the aid of Raster Calculator (Spatial Analyst, Map Algebra).

The results confirmed the most unfavourable SSE wind which blows relatively frequently along very
long fetch over water table. Furthermore SSE wind speeds reach also relatively high values (Fig. 1).
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However the NWW wind occur the most frequently, the fetch is shorter. Thus we can assume lower
risk for the shoreline.

¢E¢ Point of interest
== = Fetch length [m]
——— Shoreline
Wind direction probability x fetch length

- Bad factor combination

Beler faclor cambinalian
Fig. 3: Combination of the factor of wind direction probability and factor of fetch

Discussion

The problem of shore abrasion is very complex due to many factors causing and facilitating the
process. The wind is one of the most important factor because evokes wave origination and growth
causing bank scouring on the point of interaction with water table (WMO, 1998).

The presented model with relatively simple inputs is able to determine the most unfavourable
combination of critical wind factors facilitating shore abrasion for any point of interest on any water
reservoir. The gained results could be directly used for consequent modelling of wave parameters
(e.g. height and period) and shore protection measures.

However there is one specific anthropogenic factor inducing significant waving of water table, namely
shipping, which is not taken into account in the model. The next problem is supposing the different
effect of waves reaching the shore under different angle. The highest energy of waves is assumed in
the case of perpendicular inclination to the bank, again oblique inclination causes the bank is milling
by waves. The model does not contain such matters but it could be the subject of future research.

Conclusion

Shoreline retreat in investigated recreational area Osada makes problem for properties and technical
and transport infrastructure situated in the close vicinity of shorelines liable to abrasion. Wind
characteristics play essential role in the abrasion process because their direct relation to the wave
parameters. The objective of research was to determine unfavourable combination of wind direction,
wind speed and fetch for investigated locality. The task was accomplished by method of computational
geospatial processing of simple inputs — archive wind data and horizontal projection of water reservoir.
The results confirmed the most unfavourable SSE wind which blows relatively frequently along very
long fetch over water table.
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Souhrn

Pfredkladany ¢lanek se zabyval problematikou bfehové eroze v konkrétnich podminkach vodniho dila
Brno, rekreacni oblasti Osada. Proces eroze je vyvolan raznymi faktory. Nejvyznamnéj$im faktorem je
vinéni vodni hladiny, zplUsobené zejména vétrem. V ¢lanku je graficky znazornéno statistické
zpracovani sméru a intenzity vétru ve formé vétrné rizice. DalSim vyznamnym a feSenym faktorem
je délka rozbéhu vétru. Oba tyto faktory byly zahrnuty do vypoctu, ktery vyhodnotil pro oblast Osada
vitr fouka velmi ¢asto a ma velkou délku rozbéhu vétru — model tak potvrzuje nebezpecnost takového
vétru ve vztahu k bfehové erozi.
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WINTER RECREATION AND AVALANCHE DANGER IN THE WESTERN TATRAS

Matas Jakubis
Department of Forest Harvesting, Logistics and Soil/Land Ameliorations, Technical University
in Zvolen, T. G. Masaryka 24, 960 53 Zvolen, Slovak Republic

Abstract

In the Slovak Republic, as in many other countries, are the winter recreation and various winter sports
increasingly more polular. In addition of the High Tatras, are the Western Tatras one of the most
popular areas for winter recreation in the Slovak Republic. In this area is fewer visitors than in the High
Tatras and therefore is there more comfort with unique ambience. In the Western Tatras are the
largest areas of avalanche paths in the Slovak Republic (8173.1 ha). In winter are the avalanches for
the visitors in the mountain areas of Western Tatras very dangerous. The article deals with analysis
of fatal accidents caused by various reasons (including avalanches) according to the records which
are taken from the data of the Mountain Rescue Service Headquarters in Horny Smokovec. From
1911 to 2011 were in the Western Tatras 147 fatal accidents which are analyzed in the article from
different aspects.

Key words: tourism, mountain areas, disasters, fatal accidents

Introduction

The issue of avalanches has been known from ancient history. Avalanches were first mentioned in
writing as the cause of death of Hannibal's (*247 BC - 183 BC) soldiers during passage through the
Alps (218 BC) in the Second Punic War (218 BC to 201 BC). These historical records about
avalanches are known from the works of several authors - Cornelius Nepos (Roman biographer,
*about 100 BC - tbetween 27 — 24 BC), Titus Livius (Roman historian, * 59 BC — 117 AD), Silius
Italicus (Roman poet, *25 or 26 AD — 1101 AD), Polybios (Greek historian, *about 203 — 200 BC -
tabout 120 — 118 BC), Plutarchos (Greek historian and writer, *about 45 AD — tabout 125 AD). In
the Alpine countries are avalanche disasters mentioned in the literature for centuries. These disasters
have been often recorded at the historical paintings, too (Fig. 1). Nevertheless, avalanches are remain
one of the greatest dangers for visitors in the high mountains in winter. In the Slovak Republic, as in
many other countries, the winter recreation and various winter sports are increasingly more polular. In
addition of the High Tatras, the Western Tatras are one of the most popular areas for winter
recreation. In this area is fewer visitors than in the High Tatras and therefore is there more comfort
with the unique ambience and many opportunities for winter recreation. Overview of the number and
size of avalanche paths in the mountains of Slovakia are given in Tab. 1. In the Western Tatras occurs
755 of avalanche paths with an area of 8173.1 ha. The largest avalanche in the Western Tatras is
considered the enormous avalanche, which fell in March 25, 2009 in Ziarska valley. The length of
tear line of this avalanche was estimated at 1500 - 2000 m, avalanche area was 28 ha and snow
deposition masses in the valley accounted for more than 20 m, the volume of the compacted snow in
the avalanche was 1.89 million m®, the total amount of snow in an avalanche was estimated at 2.5
million m®. Avalanches often threaten the ski and snowboarding slopes, trails for cross-country skiing,
hiking trails, roads in the valleys (Fig. 2), mountain huts. Avalanches also devastate forest ecosystems
over large areas (Fig. 3). Many authors in Slovakia and abroad addressed the issue of avalanches
and their dangers for the mountain visitors (KNAZOVICKY 1984, ATKINS 2000, HARVEY ET AL.
2002, McCLUNG, SCHAERER 2006, STATHAM 2008, LIZUCH 2009, TECHEL, ZWEIFEL 2013 etc.).

Materials and methods

The article deals with analysis of fatal accidents caused by various reasons (including avalanches)
according to the records which are taken from the data of the Mountain Rescue Service Headquarters
in Horny Smokovec (available at http://www.hzs.sk/horska-zachranna-sluzba/smrtelne-nehody-
zapadne-tatry/). From 1911 to 2011 were in the Western Tatras 147 fatal accidents which are
analyzed in the article from different aspects. The fatalities were evaluated by months of the year,
causes of accidents, days in the week, nationality of the visitors, and decades, too.

- 306 -



Tab. 1: Avalanche paths in the Slovak Republic (MILAN, 2006)

Mountain range Number of avalanche paths Area of avalanche paths (ha)
Tatras 2664 11 899.7
thereof: Western 755 81731

High 1749 31214

Belianske 160 605.2
Nizke Tatray 656 5704.9
Velka Fatra 158 1412.8
Mala Fatra 201 1 300.1
Choc¢ské vrchy 17 43.0
Oravska Magura 1 14.2
Total: 3697 20374.7

Fig. 1: Painting from around 1740 showing avalanche disaster
(Composite authors 1989)

e e 5 - = -

Fig. 2: ) T face of an avalanche struck fﬁé-Lrod and walking trail
in the valley (Photo: Author archive)
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Fig. 5: Fatal accidents by cause
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Fig. 7: Fatal accidents by nationality of visitors
Results

Evaluation of fatal accidents by months of the year shows Fig. 4. Most fatal accidents happened in
December (25, i. e. 17 %) and June (23, i. e. 15 %). At least accidents happened in November (2, i. e.
1.4 %), April (5, i. e. 3.4 %) and August (5, i. e. 3.4 %). Evaluation by causes of accident (Fig. 5)
confirms that most fatal accidents are caused by falls from hight (49, i. e. 33.4 %). Avalanches are the
second leading cause of death (32 fatal accidents i. e. 21.8 %). The results of the analysis showed
that greatest number of accidents by days of week (Fig. 6) has become a Saturday (31, i. e. 21.1 %)
and Tuesday (30, i. e. 20.4 %) and the smallest number of accidents has become in the Thursday and
Sunday (11, i. e. 7.5 %). Evaluation of the accidents by nationality of the visitors (Fig. 7) has shown
that most fatalities suffered by visitors from Czech Republic (62, i. e. 42.2 %) and from Slovak
Republic (43, i. e. 33.4 %). Evaluation by decades (Fig. 8) shows that most fatal accidents happened
in last five decades (from 1961-1970 with 8 fatalities to 2001-2010 with 40 fatalities).
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'Fig“.‘9: Avéianche cadastre in frequency of occurrence of avalanches
(Composite authors 1984)

g

Conclusion

With the increase of winter recreation in the mountains, increases the risk of avalanche accidents.
Currently, the avalanche paths in many countries are at present processed and recorded in the maps
of avalanches which showing their occurrence, frequency (repetition) and the potential impact (Fig. 9).
Knowledge and respect of these avalanche maps, actual information and instructions of mountain
rescue services can significantly contribute to the reduction of fatalities caused by avalanches in

mountain areas during winter recreational activities.
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Souhrn

V Slovenskeé republice, tak jako v mnoha jinych zemich Evropy a svéta, jsou zimni rekreace a rGzné
zimni sporty stale vice popularni. Po Vysokych Tatrach jsou v ramci Slovenské republiky Zapadni
Tatry jednou z nejatraktivnéjSich a zaroveh nejvyhledavanéjsich oblasti pro zimni rekreaci. V této
oblasti je podstatné méné navstévniki nez ve Vysokych Tatrach a je tu vétsi klid na odpocinek.
Pohofi je znamé mnozstvim rdznorodych pfilezitosti na zimni rekreaci a zimni sporty, ale i jedine¢nou
pfirodou. V zimnim obdobi mohou byt navstévnici Zapadnich Tater na vice mistech ohroZzovani
vyznamnym nebezpelim - lavinami. V Zapadnich Tatrach se nachazeji nejvétsi plochy lavinovych
Uzemi ze vech horstev Slovenské republiky (8173,1 ha). Clanek se zabyva statistickou analyzou
smrtelnych nehod zplUsobenych nékolika pfi¢inami, vCetné lavin, podle udajl, které zvefejnilo
Reditelstvi horské zachranné sluzby se sidlem v Hornim Smokovci. Od roku 1911 do roku 2011 bylo v
horskych oblastech Zapadnich Tater 147 smrtelnych nehod, které jsou v ¢lanku analyzovany
z nékolika hledisek. Nejvice fatalnich nestésti se stalo v mésici prosinci (25, tj. 17%) a Cerven (22,
tj. 15%). Z uvedeného poctu nehod zapficinili laviny 32 amrti (21,1%), nejCastéjsi pfi¢inou smrtelnych
uraz( byl pad z vysky (49 amrti, tj. 33,4%). Podle dni v tydnu se nejvice smrtelnych nehod stalo
v sobotu (31 umrti, tj. 21,1%) a v atery (30 umrti, tj. 20,4%). Podle narodnosti zahynulo nejvice
navstévnik z Ceské republiky (62, tj. 42,2%) a Slovenské republiky (49, tj. 17%). Na zakladé analyzy
smrtelnych nehod podle dekad od roku 1911 do roku 2010 jsme zaznamenali vyrazné stoupajici trend
zejména po roce 1961. Nejvétsi poCet smrtelnych nehod v ramci sledovaného obdobi se vyskytl
v posledni dekadé (2001-2010), v niz bylo zaznamenano az 40 umrti.
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Pamét’ krajiny, s.r.o. je spolecnost, divodem jejihoZ vzniku je spole¢na laska a ucta k Ceské
venkovské krajing, tak typické svoji rozmanitosti a Clenitosti. ZnovuoZiveni krajiny se snazime
dosahnout vytvafenim a obnovou starych aleji, extensivnich sadl, vysadbou remizk( a dalSich
krajinnych prvka, které z Ceské krajiny vlivem hospodafeni minulého rezimu takika vymizely.
Spole¢nost je uskupenim tfi krajinnych inzenyr(, ktefi maji viceleté zkuSenosti, jak s praci projekéni,
tak realiza€ni Cinnosti v terénu. Nasim cilem je zkraslovat Ceskou krajinu, ktera je svoji podobou
jedine¢na na svété, a ktera pro nas vzdy bude krajinou, kterou nazyvame domovem.

Projekéni ¢innost ve volné krajiné. Nase spoleCnost nabizi komplexni sluzby tykajici se pfipravy
projektd pro Siroké spektrum vysadeb zelené ve volné krajiné a sou¢asné i vybér dotacniho titulu a
zpracovani zadosti o dotaci. M{zeme se pochlubit velmi vysokou uspésnosti podanych zadosti o
dotace.

Realizacni €innost ve volné krajiné. Celistvost a hlavni filosofie sluzeb nabizenych nasi firmou
spociva v unikatnim pfistupu k celé problematice. PfestoZze nabizime mozZnost oddélené projekéni
¢innosti a nasledné realizace navrhu dalSim zhotovitelem, preferujeme moznost podilet se na celém
procesu od samotné myslenky navrhu vysadby, pres projekci, podani zadosti az po samotnou
realizaci projektu. Fakt, ze mame zkuSenosti jak s projekci, tak s vlastni realizaci vyrazné zvySuje
kvalitu dodavanych sluzeb. Také nam to umozZhuje chapat problémy realizaéniho razu lépe, nez
firmam specializovanym pouze na projekci. Nebot, jak znamo z mnoha odvétvi lidskych Cinnosti,
rozdil mezi teoretickym navrhem a realitou v terénu byva mnohdy enormni.
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