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Preface

These proceedings contain contributions preserttdteadourth Ph.D. Workshop of the Institute
of Geonics of the Academy of Sciences of the CRebublic held in this year simultaneously in
Ostrava and in Brno on November 19, 2009.

Ph.D. training belongs among the most importariviéiets not only of the universities but also of

the institutes of the Academy of Sciences of thed@zRepublic. Note that in total more than

2000 Ph.D. students are being trained at the umesitof the Czech Academy of Sciences. It
guarantees that the knowledge and experience tiemesearch will be forwarded and extended,
which is of principal importance for the developmef the research and the whole academic
system.

The main aim of the Workshop is to bring togeth&rP students studying and working or
having their supervisors at the Institute of GestAS CR. But we also welcome students from
other institutions to promote exchange of ideagg gin inspiration, and enable comparison of the
research work and initiate contacts between stsderd researchers.

For the whole research community at the Institdit€@onics, the workshop gives a possibility to
follow new results and progress in work of the Prsibdents.

The topics presented at the workshop reflect a wadeety of problems solved at the Institute of
Geonics. The thematic blocks of lectures are devial

Geotechnics and mathematical modelling
Geomorphology and geophysics

Landscape and geoecology

Physical geography

Human geography

Cartography, Earth remote sensing, geoinformatics

As a part of the workshop, we invite some well knospecialists in the covered fields. In this
year a special lecture entitled “The utilizationmé&thematical modelling of underground water
flow for the solution of problems of mining hydragegy” is given by N. Rapantova from TU
Ostrava.

Let us thank to all the authors for preparing aresenting their contributions, N. Rapantova for
her special lecture and also to the organizersersigors and reviewers for their involvement in
the workshop preparation.

Ostrava, November 6, 2009

Prof. Radim Blaheta
on behalf of the organizers
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Complex geomorphological analysis of the Outer West
Carpathiens high gradient streams — Introduction in

problematics
Toméas Galia
'Univeristy of Ostrava

Abstract

This paper deals with the research of the highigrad
streams located in Moravskoslezské Beskydy Mits.,

ern
to the

transport capacity relative to sediment supply. In
contrast, alluvial channels exhibit a wide diversif
morphologies and roughness configurations due to
position in channel network. Alluvial channels disp

of various rates of erosion, transport and accutiauna

Podbeskydska pahorkatina Upland and Vsetinské vrchy of sediments. Small headwater streams with weak or
Mts. There are evaluated channel reaches by severalephemeral fluvial transport are recognized as eialu

parameters (e.g. bedrock, bed formations, channel
confinement by valley walls, channel gradient,lefice

of vegetation etc.) within selected mountain streain

is possible to reveal dependence of evaluated
parameters by using statistical methods. This allo

to recognize processes and forms, which influence
morphological and hydraulic character of high geadi
channels. Further, in this study is described a why
estimating intensity of bedload sediment transport
during floods.

Keywords: Fluvial geomorphology, High gradient
stream, Stream analysis, Macrogranulometry, Channel
reach, Bankfull channel, Outer Western Carpathiens,

1 Introduction

Mountain or rather high gradient streams are ddfine
relatively step ¥0.002 m/m) and confined channel
segments found in mountainous terrain with gravel,
cobble and boulder substrates or uncovered bednodk
with spatially limited floodplains. Although indidual
high gradient streams can have distinctive
characteristics that preclude generalization, muofst
them are characterized by very coarse grained (edbb
boulder) channel substrate that produces high baynd
resistance to erosion and high hydraulic roughfiglss

In this study, we recognise as a high gradient cbba
channel-reach with a bit stepper gradier®.Q1 m/m)
with regard to characters of surveyed streams.

For mountain streams is typical high intensity of
sediment delivery due to the relative lack of brdfe
between high gradient hillslopes and channels. alst
turbulent flow is prevailed there. Common phenomena
occurred in bottoms of step valleys are debris dlow
which create large accumulations there.

There are recognized three primary channel-reach
substrates: bedrock, alluvium and colluvium. Bellroc
channels lack a contiguous alluvial bed and reftégh

! tom.galia@seznam.cz

channels [2].

Mountain streams compared to low gradient rivers
are likely to be less influenced by man affect rdgey
to their relative inaccessibility as same as imjtility
to intensive water utilization. However, in our eas
large part of the study area was afforested during
Walachian colonization in 14.-17.century. It could
influence some processes connected with sediment
supply in the basins. Later, due to water utilatiin
several Beskydian basins were constructed checls dam
across stream channels to reduce flow velocitythack
were built some bank stabilization elements to qobt
channels from lateral erosion. Recently, these thaga
interventions cause so-called “hungry water” and
consequently low-level erosion [3].

One of aims of the research is to recognize feafure
which most affect high gradient stream channelepast
in the study area. It will be processed data, whidh
be collected from a reasonable account of channel-
reaches. We would be able to compare individuah hig
gradient streams on the basis of several measured o
alternatively acquired parameters. Further, it vié
estimated intensity of sediment transport durirgpdi
events by using of empirical equations.

2 Study area

Czech part of the Outer Western Carpathians is
characteristically folded by flysch structure (e.g.
Subsilesian Nappe, Silesian Nappe and Magura Nappe)
These rocks have flysch character; it means aliema
of sandstone and claystone layers.

Study area includes Moravskoslezské Beskydy Mts.,
Podbeskydska pahorkatina Upland (Silesian Nappa) an
Vsetinské vrchy Mts. (Magura Nappe). During
selections of the researched streams it is impbttan
choose those ones which are not too much affegged b
human activity. In these streams, there are nongtro

dam checks occurred. Recently, the research is



orientated to the streams in Radfsd& hornatina Mts.
(Mald Raztoka Brook, Kehyiisky potok Brook, Bystry
potok Brook, Maly Rozpity potok Brook and some
small streams on the front of the northern slope of
Radhog§ Mt) and Hodslavicky Javornik Mts.
(Vefmitovsky potok Brook). From Podbeskydska
pahorkatina Hilly land it was choosen Libotinskytqdo
Brook, Rybsky potok BrookRitka Brook and Ole3na
Brook. From Vsetinské vrchy Mts. it will be under
review Brodsk& Brook, Biiko Brook, Provazny potok
Brook, Kobylska Brook, Velky Smradlavy potok Brook
and Rybjanka Brook.

3 Methods

Despite beginning of the research, it was used some
geomorhological methods to evaluate channel reaches
and to describe forms and processes prevailinggh h
gradient streams.

3.1

Firstly, it was created an evaluating methodology t
exactly describe and to compare individual mountain
streams.
relatively homogenic channel-reaches by criteria of
bedrock, bed gradient, bed formations, channel
confinement of valley walls and accumulation forims
valley bottom. These channel reaches are defined as
length of channel at least several times the cHanne
width; the most of them are about 50meters longs It
found out their altitude, geographic coordinate and
exposure. In every channel-reach, there are maasure
100 clasts by the transect method [4] and computed
certain statistical characteristics (arithmetic mea
modus, median, quartiles) and indexes well-used in
sedimentology (particle size index, index of sagtin
index of sphericity). The accuracy of measuringathf
three axes is 0.5cm.

It is important to define and identify the limit$ o
bankfull channel. Although has been the concept of
bankfull channel problematic, the term is usualbed
to describe the point of incipient flooding. Thaeams
an elevation in cross-section at which a risingewat
level just begins to flow out of the channel an@rthe
floodplain. Unfortunately, in mountain streams thés
often no floodplain occurred, so it must be catgful
decided about parameters of bankfull channel.
discrete transition from a relatively vertical chah
bank to a relatively flat surrounding (floodplain,
depositional bench) is the best indicator of balhkfu
elevation. Other indicators are forms of sediméomat
or for our case more significant forms of erosiblon-
morphological characteristics of bankfull elevation
such as discontinuities of distribution and composi
of vegetation, could be also used [5].

Evaluating of channel reaches

A
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Figure 1: Typical bankfull indicators (by [5]).

It is determined main width and depth of bankfull
channel of evaluated channel-reaches. This consists
exact measuring of ten profiles in every channathe
and computing arithmetic means of measured values.
Manning n coefficient is also recognized here.

Another monitored parameter of channel reaches is
influence of vegetation. It is assessed occurreoice
large wood debris affecting stream morphology and
hydraulics. It is measured diameter in a half af émnd
total length of log and its orientation to mainedition
of water-flow. Morphology and hydraulics of tiny

In researched streams are carefully chosenstreams can be influenced by smaller branches and

leaves, mainly in deciduous forests.

It is evaluated human impact on bottom of valley.
Human activity in mountain basins is largely coriadc
with forestry (logging, forest ways building) andcter
resources management (dams building, gravel digging

3.2 Dependence of evaluated
parameters

One of goals of the research is to estimate depeede
of evaluated parameters of channel reaches. To
recognize that relations, it will be used ANOVA
statistical method after collection reasonable amhad
data. For quality statistical analysis it is supzbgo
collect data from about a hundred of channel remche

We can split parameters into independent (such as
geological characteristics, area of basin, channel
gradient) and dependent ones (like geometrics of
fullbank channel, bed formations, characteristitbed
sediments, velocity of flow in fullbank channely.i$
assumed that dependent parameters can be well
influenced by human activity, so it is necessary to
evaluate it.

There is no doubt geology has big influence on
properties of bed sediments, processes connectidd wi
erosion and some other characteristics. Bedrock
composed mainly of banks of sandstones or
puddingstones  (Godula  formation) is  more
geomorphological resistant than formations
predominantly pelitic (e.g. rocks of Magursky Nappe
Firstly, the sandstones of Godula formation are emor
resistant to erosion. By theories of fluvial traogp
their clasts are rough-hewed slower and large Islatk



this rock are performed as stable forms in stream
channels. In this fact, stream bed composed byethes
grains is more resistant to erosive processes. righan
beds of such character have significant highermoags

It is observed the stage of bankfull channel relatel-
2,5y discharge [5].

It is necessary to be aware that turbulent flowth wi
variable  velocities in  channel cross-sections

and create mostly cascade channels, less commonly predominate. That is reason why to consider congpute
step-pools channels. Exposed sandstone banks oftenvalues of velocities and other derived characiessts

participate on dissipation of energy of water floather
in channels based on the fronts of Godula formation

With regard to higher gradient of channels located
Godula formations, there proceed relatively inte@si
fluvial transport with high frequency and lower
amplitude of transported material as same as low
frequency combined slope-fluvial transport with tig
amplitudes of amount of transported material. Low
frequency debris flows we can regard as important
sources of sediments for a lot of high gradiergastis
in Moravskoslezské Beskydy Mts. In some of theke li
Mala Raztoka Brook or Kinyisky potok Brook,
accumulations of debris flows create remarkable
hundred meters long morphological forms and such
valleys lack surface run-off sometimes. Due to high
gradient of surrounding slopes, it is important tooral
delivery of sediments by several slope movements
(deep-seated landslides, shallow landslides, siedltis
flows) and by bank failures.

Generally it can be said that channels based in
resistant bedrocks are less prone to vertical atetdl
erosion and there is high intensity of delivery and
transport of sediments.

By contrast, channels based in predominantly peliti
flysch have at large relatively lower gradient team
beds. Clasts of claystone are, due to their less
geomorphological resistance, quickly rough-hewed by
fluvial transport and their particle size index deses
soon. It is observed that claystones clasts usdallgot
create any morphological significant forms in chalnn

approximated only. For estimating of velocity in
channel it is using of well-known Manning equation
suitable. It takes form
v = 1/n R*s"2 1)
wheren is the Manning coefficienR hydraulic radius
and S channel gradient. For every measured bankfull
channel profile it is computed estimated velocity b
Eq. (1). The correct estimation of Manning coe#idi is
important, in high gradient streams the value kemato
be 0.04-0.08 due to relative high bed roughnéss.
parameter corresponds to the average value of whole
channel-reach. The mean velocity of water flow
occurred in the channel reach during the bankfalyes
corresponds to average of values of velocitiesutatied
for every measured profile in this reach.

There are some difficulties by estimating the
bankfull discharge. It is not possible to use amjds
Eqg. (1) due to high bed roughness because of
underestimating of obtained values of dischargé®e T
most acceptable is using the relationship between
velocity and discharge [6].

V= Q0.51—0.84

)

By Eg. (2) we obtain some range of values of bahkfu
discharge. For more accurate estimate it must foaitie
measuring realized or calibrated data acquired.

The mean velocity of flow downstream reflects the

bed. Relative roughness often depends on amount of force balance between the potential energy gradiedt

clasts of sandstones, which comes from thin sandsto
layers of thinly bedded flysch or they are delivefiom
upper parts of the basin here. That is why relative
roughness of this channel beds is smaller than by
channel beds based in Godula formations. Local
delivery of sediments is consisted of bank failuoes
shallow landslides; debris flows are due to lower
gradient of channel bed and surrounding slopes not
occurred.

Channels based in pelitic types of rock are
vulnerable to changes of flow regime and sediments
delivery. Common presence of bank failures and
bedrock in stream channels are recognized as ragriki
indicators of lateral and vertical erosion.

3.3 Bankfull discharge, velocity flow
and transport of sediments

By measured parameters of bankfull channel we can
estimate flow velocity, discharge, shear stress and
intensity of sediment transport which occur in ttizge.
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the drag effects derived from the boundary [7].tlSat
the mean velocity of water flow and shear bed sties
useful to calculate intensity of bedload sediment
transport during bankfull discharge. It should be
reasonable to use the method based on Karman-Rrandt
Keulegan (KPK) equation. For high stream gradient a
high relative roughness it takes form
7 = UK/(In14.4d/Ds40 (3)
where 7, means bed shear stress,is the mean
velocity, p is density of waterk is the von Karman
constante 0,4,d is flow depth andg,. indicates the c-
axis of the grains of the observed size distributio
Then, the size of the possible transported grain ca
be obtained by other equation incidents with begesh
stress
7 = 0gp D (4)
where 6 is the Shields number or so-called non-
dimensional shear stregsis the acceleration of gravity,



p s is the submerged density of the grains Brig taken

to be Oy, of the observed grain size distribution. The
value of the submerged density is usually takeibeo
1650kg.m* and the value of the Shields number we set
6 = 0.03 for individual, unconstrained clasts on Ites
surface. For plane beds or pool-riffle beds couéd b
estimated value of quite higher, about 0.045, due to
their relative smaller roughness [7].

By using equations (1), (3) and (4) we are able to
calculate possible maximal length of b-axis of dginain,
which can be moved during the bankfull discharge
condition (1-2,5y discharge). However, it would be
important to evaluate that presumption by terrain
research. For example the method of marked pasticle
would be usable in this case.

4 Partial results

As it is mentioned above, there will be used the
ANOVA method in the future to find some dependence
on observed parameters. At least, we present an
example of researched channel reach.

4.1 Maly Skaredy potok Brook

Maly Skaredy potok Brook is located on the northern
slopes of the Radhtska hornatina Mts. It is a right
tributary of the Lubina River. There, it was suredy
three channel reaches with prevailed cascade type o
channel bed.

The approximate altitude of channel reach SP1 is
620m.s.l. and it has northern orientation. The tleraf
stream above this study reach is about 0.7km. &aetr
is based in 3Sin-Hradi§¢ formation, which is
composed by prevailing soft claystones and minor
banks of sandstones. The bedrock is uncovered aut ab
20% length of channel bed there and it performaras
agent of sediment delivery. However, in channethea
there is occurred big amount of Godula formation
sandstones, which is transported here from uppes pa
of basin and it increases relative roughness of the
channel bed. Alluvial part of the study reach has
cascade character with approximately 10% gradiént o
the channel. There occur accumulations of deboiwd]
and some tiny accumulations of alluvial charaatethie
valley bottom. Delivery of sediment is realised by
transport from the upper reaches of the torrent land
erosion of the local bedrock channel. There was any
large woody debris observed, which would have an
affect on channel processes.

The main depth of bankfull channel is 0.16m and
width is 2.75m, it varies between 1.9-3.7m.
Macrogranulometric characteristics are followed; I3
3cm, DBy, corresponds to 5¢cm,;BDis 7.5cm and B is
13.2cm. Index of roundness is 0.58 and index oingra
size is 7.26 for study reach. Further, index otisgris
1.06, which corresponds to poorly sorted sediment.
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Figure 2: Distribution of grains in the SP1 channel
reach

Consequently, we used the equations (1), (2),18) a
(4) to calculate mean velocity, discharge, shesgsst
and ability the water-flow to transport bed seditsen
during the fullbank channel stage. Mean velocity is
estimated to be 1.20rt.sin study channel-reach and
discharge varies between 0.87-1.6%rh These values
of discharge seem to be little overrated due to
comparison to near-by Mald Réaztoka Brook. Mala
Raztoka is an experimental basin of VULHM and there
is located a gauging station in the down part & th
basin. It is important to mention that the length o
stream is 2km above the gauging station. There is
observed 0.97#s’ discharge and 1m'sflow velocity
which corresponds to the 3y discharge there. Howeve
estimated value of the velocity in the Maly Skaredy
potok study reach should be realistic due to thyhdni
gradient of its stream bed.

The computed main value of bed shear stress in the
channel reach is 33.29N7n This allows us to
determine bed sediment transport by using back-
calculation of the Eq. (4). We computed clasts with
to 5cm b-axis length could be transported during
bankfull stage. This stage may occures every 1-asy
we mentioned above. It shows us there is high dyceam
of sediment transport in step mountain channels.
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Worst scenario method and other approaches to uncertainty

Petr Harasim
Institute of Geonics AS CR, v. v. 1.
petr.harasim@ugn.cas.cz

Abstract

A great many problems in natural, technical, and
social sciences can be solved by means of suitable
mathematical models. Since the input data of math-
ematical models is uncertain, the output values are
also encubered by uncertainty. It is our goal to evalu-
ate the uncertainty of output data if the uncertainty
of input data is somehow specified. Here, we con-
fine ourselves only to a brief description of stochas-
tic methods, a fuzzy set approach, and the worst
scenario method.

Keywords: worst scenario method, uncertain in-
put data, admissible set, probability, Monte Carlo
method, fuzzy set

1 Preliminary

Using mathematical models in natural, technical, or
social sciences, we are able to predict results of pro-
cesses in real world. Nevertheless, modeling of the
real world is encumbered with various sorts of un-
certainty. The uncertainty of input data implies an
uncertainty of output values. In this context, we are
concerned:

(a) to specify somehow the uncertainty of input
data,

(b) to evaluate the uncertainty of output data if the
uncertainty of input data is specified.

A lot of such mathematical models are described
by means of differential equations with boundary
conditions. For problems of that kind, uncertain
input data can include equation coefficients, the
boundary of the domain under consideration, bound-
ary values etc. For instance, let us consider the fol-
lowing boundary value problem: Find an unknown
function u such that

—(a(uu) = f (1)
w(0) =u1, u(l)=us. (2)

This example represents the mathematical model
of one-dimensional steady heat conduction. The
right-hand side function f characterizes internal heat
sources, the coefficient a is the heat conductivity and
depends on the temperature u, the values u; and uo
are given boundary temperatures.

In this steady heat conduction model, we can
be interested for instance by temperature at a se-
lected point of heated body. The problem (1)-(2),

in (0,1),
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and consequently the temperature at any point, de-
pend on the coefficient a. But, coefficients are ob-
tained through experimental measurements and are
not known exactly. It is not uncommon that a set of
inputs is given. Consequently, the a-dependent tem-
perature must be considered uncertain. For a more
detailed mathematical treatment of this problem, see
[1].

It is possible to consider the situation above more
generally. The problem (1)—(2) is a concrete example
of so called state problem, the function w is called a
state solution. So, consider a state problem such as
(1)—(2), whose input data is uncertain. In the most
simple case, only a set of admissible input data U,q
is given. Since the state solution u depends on the
input parameter a € U,q, we obtain a set of state so-
lutions. As a rule, we are concentred to a real-valued
quantity of interest related to the state solution and
represented by a criterion functional ® = ®(a, u(a)),
generally directly dependent on a. Due to uncer-
tainty of the state solution, we obtain a set of values
of the criterion functional.

In practice, there exists a number of approaches
to treatments of uncertainty in mathematical mod-
els. The choice of an acceptable approach depends
largely on the amount of available information about
the input data. If a probability characterization of
input values is available, then stochastic methods
can be applied at least in the form of the popular
Monte Carlo method. If, however, the uncertainty in
inputs cannot be described in terms of probability,
other approaches can be applied; take, for instance,
Dempster-Shafer evidence theory, fuzzy sets, inter-
val computations, and the worst scenario method.
In some cases, it is suitable and efficient to combine
various approaches to uncertainty. As noted previ-
ously, we will give only a brief description of some
stochastic methods, a fuzzy set approach, and the
worst scenario method. More detailed information
can be found in [10].

2 Stochastic methods

The stochastic methods applied to uncertainty in
mathematical models usually require rather “strong”
information on input data. The probability P is de-
fined, see e.g. [12], as a mapping

P S(Q) —[0,1],



where S(Q) be a o—algebra on a set 2, P(0)) = 0,
and the o—aditivity holds.

An empirical counterpart of the Kolmogorov prob-
ability is the relative frequency, and therefore the
properties of the probability are motivated by cor-
responding properties of the relative frequency. The
relative frequency of realizations of an examined ran-
dom event is equal to its probability if the number of
all trials is sufficiently large. The Monte Carlo sim-
ulation method is based on this principle. It is nec-
essary to consider the input values of a mathemat-
ical model with their probability distribution (e.g.
normal, lognormal, or uniform), given, for instance,
through its probability density function. The Monte
Carlo method generates the input data with their
probability distribution, the generated inputs enter
the computational model and the quantity of interest
is evaluated. By repeating this process, a set of out-
puts is obtained and can be analyzed by statistical
tools.

For example, it is possible to determine, by the
Monte Carlo simulation, the probability of failure of
a structure if the probability distributions of inputs
are given, see [13].

3 Fuzzy sets

Another approach to uncertainty can be based on
fuzzy sets (Zadeh, 1965). In this case, weights are
assigned to input data of a mathematical model. Let
us present the basic idea of fuzzy sets more pre-
cisely: Let X be a universal set. Then the fuzzy
set A is defined by means of its membership func-
tion p4: X — [0,1]. The value of this function at
x € X determines the degree of truth of the state-
ment x € A. It is clear that for a clasical (crisp) set,
the membership function coincides with its charac-
teristic function.

We emphasize that the membership function dif-
fers from the probability density function. Gener-
ally, the membership function does not have an am-
bition to give information concerning relative fre-
quency. The assignment of the membership degrees
to input data may be subjective and can depend on
the expert’s experience. Consequently, the fuzzy set
approach enables a treatment of uncertainty also in
situations where less information on the input data
is available. Let us note, however, that probability-
posibility transformations were also studied, see [4]

r [11], for instance.

The goal is to find the membership function of
outputs if a membership function of inputs is given.
To this end, a combination of fuzzy sets approach
and the worst scenario method can take place, see
below.
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4 Worst scenario method

The stochastic methods as well as the fuzzy set ap-
proach assume certain additional information related
to the input data of a mathematical model. Never-
theless, such information does not have to be always
available, only the set of admissible input data can
be known. In this case, if the admissible set Uf,q of
inputs is given, we wish to derive the corresponding
set of outputs.

In engineering applications, mainly large values of
the quantity of interest (e.g. temperature at a se-
lected point of a heated body, or local stress at a
point of a loaded body) are important . To illus-
trate this, we return to problem (1)—(2). It can be
requested that the temperature at the selected point
musn’t exceed certain marginal value independently
of a € Uyq. Therefore, we search for an input pa-
rameter a’ € U,q such that the quantity of interest
is maximal, i.e. we search for the worst (case) sce-
nario. Generally and more precisely, if we consider
the criterion functional ® mentioned above and set
U(a) = ®(a,u(a)), the goal is to find a parameter
a® € Uyq such that the value ¥(a®) is maximum.
More detailed mathematical treatment of the worst
scenario method can be found for instance in [1], [2],
[5], [6], [7], [8], [9], [10]. In practice, we are usually
interested rather in the value ¥(a®) than the worst
scenario a'.

In comparison to the previous approaches to un-
certainty, the worst scenario method provides rather
pesimistic conclusions. The realization of the worst
scenario might be rather rare. It is suitable to use the
worst scenario method only in such situations where,
except for U,q, no additional information is available.
On the other hand, the worst scenario method can
be used, for instance, as the useful tool to examine
the membership function of outputs if a fuzzy set of
input values is given.

If we have some additional information about the
input data, e.g. an expert’s experience, we can add a
concave membership function py,, to the admissible
set Uaq. In such way, we get a fuzzy admissible set
of inputs. The goal is to construct the corresponding
fuzzy set of outputs. To this end, we define so called
maximum span problem: Let ay be an element of
Uaa such that the value ¥(ap) is minimum in the
set S = {¥(a) : a € Uaa}. Then the maximum
span is the interval [¥(ag), ¥(a")], where a® € Upq is
the worst scenario defined above. The membership
function of outputs can be obtained by means of so
called a-cuts. We define the a-cut of the set U,q as
follows:

Upa = {x € Unq : () > a}, a€]0,1].

Evidently, %U,q = U.q. Under certain condition,
the elements ag , and a®“ solving the minimization
and maximization problem on “U,q exist for every



a € [0,1]. Then the corresponding maximum span
of the criterion functional is *I = [¥(ag,qa), ¥(a®®)].
These intervals represent the a-cuts of the fuzzy
set of outputs and define the membership function
of the fuzzy set S. A more detailed mathematical
treatment of these questions concerned to infinite-
dimensional admissible sets can be found in [3].
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Vyznam vyhodnoceni horizontalnich posunt pfi sledovani

vyvoje poklesové kotliny

Vlastimil Kajzar'
Ustav geoniky AV CR, v.v.i.

Abstract

The importance of the evaluation of horizontal shifts to
monitor the subsidence depression. Based on the results
of data processing of regular GPS surveying of point
field stabilized in the selected location with an active
underground mining of coal deposits, it is possible to
monitor the development of creating of subsidence
depression. One analysis to assist in better
understanding of the ongoing processes is the spatial-
temporal analysis of shifts of individual points, which
serves as a basis for describing degree of influence of
the monitored coalfaces on the progress of deformations
of different parts of interest area.

Keywords: GPS, subsidence, horizontal shifts

1 Uvod

Pii hlubinném dobyvani lozisek nerostnych surovin
dochazi k vytvareni volnych podzemnich prostor. Tyto
prostory jsou nasledné vypliiovany masou nadloZnich
vrstev, které se do tohoto prostoru prohybaji a
prolamuji. Probihajici pfesuny materialu se v piipadé
vydobyti rozsahlé plochy projevuji az na povrchu a to
vytvorenim poklesové kotliny. Pohyby doprovazejici
tvorbu poklesové kotliny je mozno obecné rozdélit na
poklesy a horizontalni posuny.

2 Projekt monitorovani GPS

Na Ustavu geoniky AV CR zapoéalo pied tiemi lety
feSeni projektu, jehoz soucasti bylo vytvoreni
pozorovaci stanice v lokalit¢ s pocinajici hlubinnou
tézbou a zaroven s netrividlnimi geomechanickymi
podminkami. Soucasti tohoto projektu je dale
pravidelné sledovani vyvoje prostorové pozice
jednotlivych bodu této stanice. Vybrané uzemi se naléza
v Ceské casti Hornoslezské uhelné panve ve spravé dolu
CSM-sever, pobliz demarkacni linie s dolem Darkov a
z pravé strany ohranicené polskou statni hranici.
Pocatek budovani pozorovaci stanice se datuje
do listopadu 2006. V nasledujicich letech byla
pozorovaci stanice postupné rozSifovana a zahust'ovana
s ohledem na ménici se dobyvaci situaci. Jednotlivé
stabilizované body pozorovaci  stanice pravideln¢
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zamefovany a vyhodnocovany vyuzitim dostatecné
pfesnych metod a technik systému GPS v intervalu cca
5 tydni. Vice o pouzitych metodach méteni napt. v [1].
Vzhledem k ménici se dobyvaci situaci v oblasti byla
pozorovaci stanice pribézné rozsifovana a zahustovana
(viz obrazek 1).

V obdobi let 2006 az 2008 zde byly dobyvany dva
poruby. Nejprve porub nachéazejici se v severni ¢asti
zajmového izemi, resp. jeho prvni lavka, s proménnou
mocnosti sloje 1,4 aZ 2 metry a nasledné porub
situovany v jizni ¢asti sledované oblasti s primérnou
mocnosti uhelné sloje 3,2 metr. V roce 2009 probéhlo
dobyvani druhé lavky severniho porubu o pfiblizné
stejnych dobyvacich parametrech jako v pripadé lavky
prvni. Pouzitou dobyvaci metodou bylo sténovani na
fizeny zaval. Horninovy masiv je v této oblasti tvofen
typickymi horninami pro stavbu karbonského pohofi
v hornoslezské uhelné panvi [2].

Na trovni dobyvanych sloji, to je v hloubce 950-990
m probiha jizné€ ve vzdalenosti cca 50 m od severniho
dobyvaného porubu vyznamna tektonickd porucha X.
Dalsi vyrazna tektonickd porucha A probiha jizné od
jizniho porubu, subparalelné s timto porubem. V severni
casti sledované lokality lze identifikovat i tektonické
poruchy méné vyznamné.

3 Analyza horizontalnich
posunu

Casovy pribéh poklest u sledovanych bodi byl popsan
jiz dfive, napf. v [3]. Obsahem tohoto ptispévku je popis
analyzy a interpretace vyvoje jejich horizontalnich
posunti. Horizontalni posun, o némz bude fe¢, v tomto
ptipadé znamena zménu prostorové pozice sledovaného
bodu v horizontalni roviné (na ose x a y) zplsobenou
zménami v horninovém masivu indukovanych dalni
¢innosti, projevujici se az na povrchu.

Velikostné jsou tyto pohyby mnohem mensi nez
zjisténé a diive popsané poklesy. Jejich diagnoza vsak
ucinng dopliuje predstavy o pohybech a deformacénich
procesech povrchu, probihajicich na zajmovém tzemi.
Na zékladé grafického vyhodnoceni horizontalnich
posuni jsme schopni rozlisit, jak velky vliv ma
sledovana dulni Cinnost na vyslednou zménu pozice
monitorovanych bodi [4].

Pii realizaci analyz horizontdlnich posuni se
vychazi zrozsahlé databaze realizovanych méfeni



obsahujici témét 3000 zaznamid. Na zakladé navrzené
metodiky zpracovani je mozné automatizovanym
zptsobem ve velmi kratkém Case provadét analyzu tzv.
celkovych posunt jednotlivych bodl, tzn. od zacatku
jejich  monitorovani po jejich posledni aktualni
observaci, tzn. prubéh zmén mezi jejich ptvodni a
soucasnou pozici. Mimo celkové analyzy je rovnéz
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provadét analyzy posunu vramci kratSich ¢asovych
obdobi. Jejich vysledky srovnané s dulni cinnosti
realizovanou béhem analyzovaného obdobi dopliuji
predstavu o tom, jak vyrazné zmény se v tomto obdobi

udaly pii zméné prostorové pozice, resp. Vyvoji
poklesové kotliny.
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Obrazek 1: Body pozorovaci stanice doplnéné o kiivky horizontalnich posuni.

Na obrazku 1 a nasledné v detailu na obrazcich 2,3,4
je zobrazeno, jak se horizontalni slozka prostorového
umisténi sledovanych bodi ménila v obdobi od
prvotniho zaméfeni pii jejich stabilizaci do fijna 2009,
tzn. jednotlivé kiivky vyjadiuji tzv. celkové posuny.
Jednotlivé body jsou na obrazcich rozdéleny pomoci
pouzitych symboll do tii skupin na zaklad¢é doby jejich
stabilizace. Tuto informaci je nutné brat v potaz
zejména pii vyhodnoceni vykreslovanych posunti. Body
s vyplnénym symbolem nejsou v  soucasnosti
zaméfovany z divodu jejich destrukce. Pro prehlednost
a pouzitelnost jsou zobrazené vysledné kinetické kiivky
predimenzovany (v métitku 1:500).

Dynamika vyvoje posunti neni v pribéhu sledovani
rovnomerna a uzce souvisi s probihajici dilni Cinnosti.
Zména prostorové pozice je vzdy nejmarkantné;jsi
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v obdobi aktivniho dobyvani, coz bylo zfejmé i z diive
hodnocenych poklesit monitorovanych bodt. Maximalni
hodnoty vykreslenych posund dosahuji vice nez 25
centimetru.

Mnohem dulezitéjsi informaci pro doplnéni predstav
o formovani poklesové kotliny a doprovodnych
procesech ziskdme vyhodnocenim prubéznych zmén
sméru posunu jednotlivych bodd.

V homogennim prostiedi, tj. v idealnich
geomechanickych  podminkdch (v Uzemi bez
tektonického poruseni, bez pfedchoziho dobyvani atd.)
by mél vyvoj trajektorie jednotlivych  kiivek
korespondovat s probihajici t&Zbou. Zjednodusené
feceno, pii aktivni t€Zbé se daji ocekavat zmény pozice
vétsi, v obdobi mimo aktivni téZbu mensi. V pfipadé
sméru by se kinetické kiivky mély postupné stacet
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smérem  k aktualnimu vydobyté  plochy
(vydobytych ploch), jehoz poloha se na zakladé postupu
dobyvani prubézné méni.

4 Interpretace horizontalnich
posunu

Pohyby jednotlivych bodi na prvni pohled koresponduji
s oekavanymi pohyby v kontextu rozmisténi boda
pozorovaci stanice vu¢i dobyvanym blokim (viz
obrazek 2). Nicméné pii detailn€jSim pozorovani je
mozné vyclenit diléi podoblasti, ve kterych se body
chovaji ¢astecné nebo zcela mimo zminény predpoklad.

Obrazek 2: Celkové horizontalni posuny monitorovanych bodi — detail 1

Na obrazku 3 je mozné takovou ¢&ast identifikovat
vjeho levé horni casti. V této geomechanicky
homogenni oblasti by méla byt pozice bodl nejvice
ovlivnéna dobyvanim severniho porubu. Z vyhodnoceni
kiivek horizontalnich posunti je zfejmé, ze od léta 2007
(v té dobé bylo jiz ukonceno dobyvani prvni lavky
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tohoto porubu) je polohova zména rovnéz ovlivnéna
neocekdvanym  ptsobenim od severu, faktory
nachazejicimi se mimo nami znadmou oblast za
demarkaéni hranici sdolem Darkov. Naznacena
cerchovana linie vymezuje pfibliznou hranici ptisobeni
dominantniho vlivu z obou stran.



Obrazek 3: Celkové horizontalni posuny monitorovanych bodi — detail 2 (Cerchované ptiblizna hranice dominantniho

vlivu ptisobeni)

Pfi plosném modelovani poklesi neni

mozné

striktné

urdit,

jak velkou mérou jsou poklesy

jednotlivgych bodi vtéto casti sledovaného uzemi

ovlivilovany zminénymi faktory a tuto hodnotu pfi

vypoctu

eliminovat.

Pri

interpretaci

vysledkil

modelovani je vSak nutné tuto skutecnost zminit.

B

Obrazek 4: Celkové horizontalni posuny monitorovanych boda — detail 3

20



Dalsi dil¢i oblast, v niz se body chovaji jinak oproti
predpokladiim, je zobrazena na obrazku 4. Tato oblast je
situovana jizné od jizniho dobyvaného porubu.
Vzhledem k velikosti a mocnosti dobyvaného jizniho
porubu se piedpokladalo, ze sméry pohybu vSech bodi

v blizkém 1 vzdalengjsim okoli budou zasadné
ovlivnény jeho dobyvanim. Z grafické analyzy

horizontalnich posund vyplyva, Ze body putdorysné
oddélené od tohoto porubu linii odpovidajici pfiblizné
prubéhu zobrazené tektonické poruchy A, nevykazuji
v pribéhu dobyvéani a bezprostiedné po ném zadné
ovlivnéni polohy zestrany zminéného porubu a
vysledna trajektorie jednotlivych kfivek je zcela
urcovana vlivy pusobicimi od jihu. Jedna se zde o vliv
dobyvani realizovaného mimo sledované zajmové
Uzemi. Na zakladé téchto vysledku je pifi modelovani
poklestt doporuceno rozdélit celé uzemi na dvé
samostatné ¢asti a vyhodnocovat tyto ¢asti zcela zvlast’.

Doplikovym prinosem grafického vyhodnoceni
horizontalnich posunti je moznost identifikovat chyby
meéfeni pfi urCovani prostorové pozice a rovnéZ moznost
detekovat nasledky pusobeni druhotnych faktord na
pozici bodu (napf. pohnuti bodu z divodu podmaéeného
podlozi, zplsobeného piejezdem tézné stavebni
techniky), obvykle podloZzenymi i pozorovanim piimo
v terénu. Na zékladé téchto informaci je mozné zjisténa
nekorektni data pii dal$im zpracovani adekvatné osetfit.

5 Zaveér

Analyza horizontdlnich posuni ucelné¢ dopliuje
poznatky o pohybech a deformacich povrchu
doprovazejicich vznik poklesové kotliny. Rovnéz

napomahd identifikovat chyby meéfeni a plsobeni
druhotnych faktorti, ovliviiujici pozici monitorovanych
bodu.

Pribeéhy kiivek vyjadiujicich zménu horizontalni
polohy sledovanych bodii pozorovaci stanice,
zptsobené vlivy hlubinného dobyvani, v nékterych
dil¢ich castech zajmového uzemi Castecné nebo zcela

neodpovidaji  teoretickym pfedpokladim. To je
zapfi¢inéno jak slozitou geomechanickou situaci
v podlozi, kdy dochazi na zdkladé¢ vyznamnych

tektonickych poruch k roz€lenéni oblasti na samostatné
diléi c¢asti, tak velkym rozsahem ptedchozich a hlavné
souCasnych dulnich aktivit v bezprosttednim i
vzdalenéj$im okoli, jejichz vlivy vyrazné urcuji zmeény
prostorové pozice jednotlivych boddl, resp. vyvoj celé
poklesové kotliny.

Z toho vyplyva, ze bez zohlednéni téchto faktora pfti
zpracovani dat neni mozné provadét korektni hodnoceni
vyvoje poklesové kotliny a to jak ve fazi predikce, tak
ve fazi evaluace.
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Influence of slope deformations on a disruption
of the Ond fejnik ridge in the Podbeskydi Upland
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Abstract

This paper deals with a distribution of slope
deformations on Ordjnik ridge in the Podbeskydi
upland, and above all, their influence in ridge and
dividing parts. A verification of a slope defornmis
map from Ryb# et al. (2007) has been done from
a view of their influence on a ridge developmend an
individual types of interactions have been deteadin
Slope deformations mapping in scale of 1:10000 has
been supported by trench excavations in places of
a ridge lowering on Stanovec and Q@ejdik, and by
geophysical measurements along the trenches, tegpla
of double ridges on Oiigjnik and a ridge lowering on
Stanovec.

Keywords: Ondejnik, deep seated gravitational slope
deformations, trenching, electrical resistivity
tomography (ERT)

1 Introduction

Morphological features characteristic for the slope
movements in the ridgetop parts as tension cracks,
ridgetop depressions, uphill-facing scarps and
pseudokarst caves are described in worldwide basis
(Tabor, 1971; Alexandrowicz and Alexandrowicz,
1999; Korup, 2006; Hradecky and Panek, 2008; Hewitt
et al.,, 2008; Agliardi et al., 2009). Despite thttis
phenomenon hasn’t been studied in detail yet. We ha
determined 5 types of the slope deformations -
the drainage dividing parts interactions: fjdge
fragmentation where the ridge is disintegrated due to
the horizontal movements; iifidge lowering where
the slip plane daylights on the reverse slope efritige
crest and the slow lowering of the crest occuisritlge
displacementwhere the slip plane gets through the crest
line, causing its reduction and relocation; injige
collapse involving partial or complete destruction of
the peak or the ridge crest and the creation of nedief;

v) perpendicular ridge breakingwhere the slip plane
gets through the crest line perpendicularly. Tlogei
fragmentation is a case of the initial stage of slupe
deformations when the slip plane develops.

! RO8770@student.osu,cZtomas.panek@osu.cz
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The advanced stage occurs with the first slow eairti
movements and is represented by the interfluve
displacement in the form of the deep seated creep.
The collapses and the broken crests are typical for
the mature stage when the slow movements convert in
the rapid ones, usually into the rock avalanches.
The shallow seated deformations have less impact on
the changes in the ridgetop parts than the deepdsea
slope deformations (Komarkova and Panek, 2009).

2 Study area

Ondejnik inheres in the east part of the Stramberk
Highland in the Podbeskydi Upland. As a case of
a synclinal chine, Ondjnik is part of a Godula
Formation of a Silesian Unit.

The ridge is divided by two gaps into three parts.
A peak of Skalka with 964,2 m a. s. |. is the higthzart
of the ridge. From Skalka the ridge continues nedht
through the first gap and a peak of Stanovec
(898,6 m a. s. I.) and then northwardly to a nas®le
spot height (900,1 m a. s. |.). Here the ridge $arko
two ridges. One ridge goes on north-west to Suché
Uboki (863,9 m a. s. |.), the second one continuesnort
east to the second gap and then north to a peak of
Ondejnik (889,6 m a. s. |.). From Ofgnik the ridge
runs north-east and slowly declines.

2.1 Geological conditions

Geological, as well as litological conditions atighty
responsible for a development of an account ofeslop
deformations. A conformability of individual layem

the Ondejnik ridge bears evidence of a brachysynclinal
ridge structure. The ridgetop parts of the @ik
ridge are formed by slightly up to thickly rhythralc
flysch of Godula layers middle member. Thick-batide
flysch layers with massive sandstone beds represent
more resistent section of the Gaphik ridge.

On the contrary this stable layers are underlaid by
slightly rhythmical flysch of Various Godula layesgth
great portion of unstable, plastic claystonesriate by
slight sandstone beds. Due to the instability afhsly
rhythmical flysch layers the Otgjnik slopes are highly
susceptible to a development of the slope defoonati



In addition, massive sandstone beds weigh causes 635 metres long, but in order to record a significa

plastic changes in the Various Godula layers; ataive

in their outcorps where a bulging happens. Thicese
considerably contributes to a ridge fragmentations,
lowerings and other slope deformations in the upper
flysch layers in the ridgetop parts of Gaphik ridge,
namely on Stanovec and in the north part of i@jmik.

In the underbed of a south section of the Various
Godula layers, Lhotka and Ywice layers can be
found. These claystone layers are more resistesiope
deformations then layers above them. The northicgect
underbed of the Various Godula layers is formedeasi
from Lhotka layers also byé&8in-Hradist layers in the
Ondejnik foreland. These layers include the slightly
rhythmical flysch, so that the possibility of thioe
deformation occurrence is very real but the forglan
area was not a part of our research study.

3 Methods

The slope deformation study as such
a multidisciplinary approach.

Because of previous general knowledge in the slope
deformation contribution in the Orgnik ridge we
acceded to an excavating of two trenches on Senov
first of all (in this paper labelled as trench Blarench
C). Both trenches have been documented, and stalictu
measurements have been done. Moreover, in thehtrenc
B it has been able to obtain two samples for dafiing

requires

trench B has been 17 metres long and 4 metres deep;1he perpendicular

trench C has had the lenght of 14 metres and ththde
of 4 metres as well.

This year with a financial help of Fund for Doctiora
Research Support the investigation has been alldwed
continue. The third trench, this time on the ridge
prolongation northwardly from the peak of Gephik,
has been excavated (in this paper labelled ashrahc
As in the trench B, the trench A has been docundente

structure at the end of this profile, we decideddto
the second profile with the lenght of 315 metred an
an overlapping of 60%. The resulting profile hagrbe
715 metres long; both profiles has had the untteide
spacing of 5 metres.

Last, detailed map of the slope deformations on the
Ondtejnik ridge has benn done. Due to large extent of
the Ondejnik area the map scale has been determined
as 1:10000, but several places must be mapped more
closely because of their high slope deformations
affecting.

4 Disruption of the Ond Fejnik
ridge

The ridge of Onikjnik is due to geological and
litological settings strongly affected by many wop
deformations. Except for shallow seated deformation
that are widespread mainly on the steep slopes,
the ridgetop parts are distintegrated by deep deate
gravitational slope deformations (DSGSDs). From
above mentioned five interaction types between
the slope deformations and the dividing ridgetoptspa
(ridge  fragmentation, ridge lowering, ridge
displacement, ridge collapse and perpendiculareridg
breaking), above all the fragmentation, the lowgamd

the  displacements very  strongly influence
a development of the Orglnik main ridgeline today.
ridge breakings do not affect
the main crest line but they influence smaller eisign
the Ondejnik slopes, especially within the slightly
rhythmical layers where the ridge releasings and
distintegrations are very common. The ridge cokaps
does not jeopardize the Qwmghik ridge these days but
there is a presumption that the ridge collapse tmigh
cause a significant ridge decrease of almost 20eset
between the peak of Stanovec and the nameless spot

the structural measurements have been done andheight northwardly from Stanovec.

the dating sample has been obtained. The trenchsA h
been almost 19 metres long and its depth has beém u
4 metres.

In addition, in order to ascertain our presumptions
about the ridge disruption, geophysical measuresnent
by an electrical resistivity tomography (ERT) irvdi
cross-sections have been done. Two profiles haga be
situated on the north prolongation of the ridgeselto
the trench A (in this paper labelled as profile$’ and
2-2), next two ones have been placed along theclkre
B and C (in this paper labelled as profiles 3-3 dr4)
and the last one has been done between profileafdl’
the peak of Stanovec (in this paper labelled aflpro-

5’). The profiles 1-1’ to 4-4’ have been measuneite:
the first profile has been 315 metres long withuait
electrode spacing of 5 metres, the second one &as h
126 metres in the lenght and the unit electrodeisga
has been 2 metres. The profile 5-5’ has primardgrb
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4.1 Ondrejnik

The north part of the entire Ofgjnik ridge with
the peak of Onigjnik (889,6 m a. s. |.) is formed by
the thicker rhythmical flysch in the ridgetop seatiin
the surrounding of the peak and the slightly rhyittain
flysch layers in the northern prolongation of
the Ondejnik ridge. Predictably, this prolongated ridge
is strongly influenced by the slope deformations
whereas the peak area is relatively unaffectedstadule
(fig. 1A).

The northern prolongated ridge is a demonstration
case of a ridge whose development is directed by
the deformations. The ridge fragmentation occurs in
a lenght of almost 500 meters with maximum dept# of
metres in the south-west part (fig. 1Bc). This
fragmentation ending leads into wide trough, a gnab



like form that has been created by the ridge eitens
The trough scarps are up to 10 metres high and form
a significant double ridge. Bedrock outcrops arermof
uncovered in here. In this trough, ERT cross-sastio
1-1" and 2-2’ are situated. The fact that it isase of

the deep seated deformation is supported by
an occurrence of a crevice-type cave beside treugip

(fig. 1Bb) that has been also revealed by
the geoelectrical measurement along the cave entry
(cross-section 1-1'). Beside that the ERT measunésne
have confirmed the deep seated disruption zone of
the sackung fault and discovered shallow seated
creepings on the both slope (fig. 1C).

Except for the ridge fragmentation, the ridge
displacements influence the ridgeline development,
especially on the south-east ridge side. Therasavreral
deformations that almost continuously hit the ridge
the a lenght of up to 1500 metres (fig. 1Ba). Such
a huge interference results in a moving and
a displacement of the ridgeline and a narrowing of
the hole ridge in this part.

But not only the slope deformations influence
the ridgeline development. It's also a headwatesien
that due to the low-resistent bedrock continuesiiugh
the ridgeline and causes a spur and a materiabloiss
in the ridgetop zones and on the slopes. In thgetap,
the crest is slowly narrowed by the material stg@tan

the slopes, the water erosion causes dislocatins
the landslide bodies material that leads to reotirre
instability in the area and to another landslides o
the slopes. Present activity of some landslides is
a tangible evidence.

4.2 Stanovec

The Stanovec part of the Gieghik ridge is not
influenced by the slope deformations in the samg aga
the previous case. That is because of a different
proportion of low-resistent rocks. Whereas manyslo
deformations in the Oiidjnik part take place in
the slightly rhythmical flysch, the Stanovec ridge
mainly formed by the thicker rhythmical flysch, ati
slightly rhythmical flysch lies deeper in the uniied.

The Stanovec area (fig. 2A) is strongly affected by
the ridge lowering where a slip plane of a hugésag
daylights on the west slope of the ridge in therfaf
an uphill-facing scarp and a natural trough (fi@a®
The sackung causes a slow moving of the hole ridge
the east and thereby its lowering. The trough isemo
than 1200 metres long, in the north ending it is
approximately 4 metres deep, southward the depth
slowly decreases through a narrow flat within tlops
to a swamp on the gap between Stanovec and Skalka
(fig. 2Bc). This swamp is a proof of a recsatkung
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13.2  83.5  85.1

- ) . )

Resistivity in ohm.m

shallow creeping zone

L DL L I=1—] 0 J—J==f |7 |

- -
177 06 932 2139

fault zone 2’

- — -
217 ' 550 1408 9559 909
Resistivity in ohm.m

Figure 1: The north part of the Gieghik ridge. A - A hillshade relief image of thdenested area and an extract of
the north part of the ridge with marked locatiohshe ERT cross-sections 1-1’ and 2-2'. B - Viewtlo¢ rocky scarp
on the southeast slope (a), the cave entry (bpétite ridge fragmentation (c) (photos by Luke)20

C - The electrical resistivity tomography crosstgets 1-1’
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and 2-2’ with marked zones of the ridtigintegration.



Figure 2: Stanovec. A - A hillshade relief imagelu# interested area and an extract of the Staraavith marked

locations of the ERT cross-sections 3-3’, 4-4’ &A6l. B -

View of the uphill-facing scarp on the steslope (a),

the narrow flat filled by the swamp (b) the gap swa(c), the creepy scarp on the east slope (dpétige uphill-facing
scarp on the east slope (e). C - The electric#dtigsy tomography cross-sections 3-3', 4-4’ an@’5wvith marked
zones of the ridge disintegration. The cross-sadi®’ is compared with a sketch of schematic ggicleross-section
in the same profile (by Rybé&t al., 2007).

activity because it originated in the place of dd o
forest road that must be closed and a new one on
the eastern ridge side has been built. Other swihatp
lies northward in the trough also developed in rited
place and disabled its usage (fig. 2Bb).

The geophysical measurements on the Stanovec
ridge has discovered except for the sackung fdsti a
other deep seated fault zones that are less
morphologically observable (fig. 2Be). Especially,
the nofault disruptions zone in the ERT cross-sacti
4-4’ is in the terrain undistinguished. As well gated
fault zones in the cross-section 5-5’ are not andhe
hand remarkable but on the other hand they predict
a futher ridge development. The fault zone on tlestw
slope has not been showed in the profile 5-5’ beeani
a short profile lenght under the trough but a digaint
fault zone on the east slope has been revealed2@y
Morphologically, there is a slight trough with apde of
less than 1 metre and a lenght not exceeding devera
metres.
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Besides the ridge lowering, the ridge displacement
takes place on the east slope of the Stanovec.ridge
A huge scarp touches the ridgeline mainly in thp ga
space between the peak of Stanovec and the nameless
spot height and it has been clearly showed in tR& E
cross-section 5-5’ as a steep slope from 200 ugRto
metres in the profile. A scarp lenght exceeds 1000
metres with almost 30 metres difference in elevatio
between the scarp crown and the scarp toe (fig,).2Bd
Within the hole deformation there are two cases of
a material loss and a degradation of the landimizy
by the headwater erosion.

There is also a presumption of an occurrence of
the most destructive possible change in the digidin
parts - the ridge collapse. This possibility coaiglain
a genesis of the gap between the peak of Stanawkc a
the nameless spot height.



4.3 Skalka

The peak of Skalka is formed by the most resistent
rocks in the entire Ondjnik ridge, by the thickly
rhythmical flysch of Godula layers middle member.
This means that the peak area has not been hit by
the slope deformation yet. But on the other hahdse
massive sandstone beds also lies on the slightly
rhythmical layers that leads to a wide influencethg
deformations in this area.

As mentioned above, neither the peak itself nor
adjacent ridgelines do not bear disintegration uiesest
(fig. 3). There are two complex deformations, ome o
the east slope and one on the south slope, that
significantly affect the slope development but not
the dividing parts development. The deformations
scarps begin at the altitude of 820 metres on diseand
of 890 metres on the south and hit the sandstods ibe
the form of rocky scarps with numerous uncovered
outcrops of these beds. These slope deformatioms ar
not cases of slope deformations influencing théddig
parts.

But when focusing on inferior ridgelines on theteas
south and west slopes of the peak, there are aflot
them destroyed by the prepedicular ridge breaking.
These smaller ridges within the slopes are situated
a zone of the slightly rhythmical layers and gelgra
they originate between two adjacent spring areaated
by the headwater erosion. The erosion continuirgliup
causes futher perpendicular disintegration of ttges
where larger or smaller flats have developed; ie on
case even endorheic swamp has originated. A recent
activity question could be explained by a fact that
the headwater erosion, as well as an eroded materia
destroy an asphalt forest road around the peakak&
up to the present day, so there is a probabiligt th
the perpendicular ridge disruptions may still happe

5 Conclusion

The disruption of the Ondjnik ridge demonstrates

a case of a ridge strongly influenced by the slope
deformations. From 5 types of the interactions ketw
the slope deformations and the dividing parts, cdll
them can be descibed in here. Our research has
confirmed that a relief development of the @ajdik
ridge is conditioned by both the geological and
litological settings and the fault inherence whiafe
preparatory factors of the slope deformations, tad
there are the slope deformations which are stiivac
and which influence the relief development up to
present day. Our results may also be affirmed biyefu
research, such as the swamps dating or the ERT
measurements, e.g. in the Skalka area.
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Figure 3: A hillshade relief image of the interesszea
and an extract of the Skalka part
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Transport na slozité puklinové siti — n

rychlosti vypo ¢€tu

Jiii Kopal
Technick& univerzita v Liberci

Abstrakt

Prispivek se zabyva problematikou transportnich tloh v
kontextu migrace latek v podzemnich vodéach.
Horninové prosedi je charakteristické vyznamnymi
nehomogenitami — puklinami, fipadré vrty, které
zna&nym zpisobem ovliviuji hydrologické poréry na
zkoumané  oblasti. Homogenizaci  hydraulicky
ekvivalentnim kontinuemcasto ztratime vazbu na
ptvodni transportni vlastnosti — riapdobu zdrzeni.
Homogenizace je problematickd i z pohledu hydro-
mechanickych procészachovani nehomogenit (puklin)
je u takové ulohy tlezité, neb6 pod mechanickym
zatizenim dochazi k jejich zavirani/otevirani. dejet

na ekvivalentnim kontinuu modelovat nelzetisRip
modelovani prouthi na systému 3D kontinua, 2D
puklin, 1D vrfi, je realizovany v softwaru Flow123D
vyvijeném na pracovisti NTI FM TUL. UvazZovana
Uloha transportu rozpusté latky, definovana advehs-
-disperznim operatorem, je zavisla na skoderychlosti
proucni podzemni vody, kterou s {gokem svazuji
porozita a plocha. iedevSim na puklinach,
diskretizovanych 2D, fffjpadre 1D elementy (viezu),
kde vlivem mechanické zfte dochazi k jejich
uzavirani, je pozadavek na velikost maximalniho
¢asového kroku definovaného CFL podmink&asto
zna&né svazujici. Na topologicky slozité 2D uloze 1D
puklin (definice dlohy v projektu Decovalex)fédow
105 elementy a velkym rozptylem Courantaisla, je

na metod konenych objeni (explicitni upwind)
ukazano peformulovani problému pomoci maticového
poctu. Zmirgna realizace vykazuje vyznamné urychleni
vypoitu oproti gedchozimu fstupu. Givodem
urychleni je omezeni gtu pienosi operd&ni pangt --
procesor a sa@asné snizeni redundantnich operaci v
pohyblivé desetinné ¢arce. Realizace rychlejsiho
algoritmu byla motivovana vyznamnouasovou
narainosti simulaci Gloh s vysokym {em elemerit a
velkym pditem ¢asovych krok. Novy algoritmus je z
divodu uziti standardizované operace nasobeni matice-
vektor dolte Skalovatelny a dobudoucna umogegeni
vétSich Uloh v pijatelnémcase.

Liiri.kopal@tul.cz
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Schémata seizmickych experimentalnich méfreni na

zelezniénim tunelu Mosty u Jablunkova
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"Ustav Geoniky AV CR, v.v.i., *VSB-Technickd univerzita Ostrava

Abstract

It comes to general reconstruction of obsolete main
railroad tracks and development of railway corridors in
Czech Republic. In relation to this, new railroad tunnels
are built, or present ones are reconstructed.
Reconstruction of old tunnel represents tunneling of
new underground space. The cross section of single-
track tunnel is often enlarged to double-tracked one.
New tunnel constructions are realized using New
Austrian Tunneling Method (NATM) when blasting
operations are one of driving technologies. Typical
example of this reconstructed tunnel is tunnel in the
mountain pass Jablunkov. Two single-track railroad old
tunnels are situated in this location. The older tunnel
(1871) operated at the present time as a provisional and
the junger one (1917) reconstructed. Both of them are
near one another. Experimental seismological
measurement was realized in the reconstructed tunnel
on the tunnel floor.

Keywords: railroad tunnel, reconstruction, New
Austrian Tunneling Method, seismological
measurement, blasting operations

1 Uvod

V  Ceské republice dochazi k rekonstrukcim

zelezniCnich trati a budovani zelezniCnich koridord.
S tim souvisi také vystavba novych, resp. rekonstrukce
jiz existujicich Zelezni¢nich tunel. Rekonstrukce tunelt
pro potieby rychlostnich koridord pfedstavuje vytvoreni
nového, podzemniho  dila, pfiCemz  prifez
jednokolejného tunelu je vétSinou rozSifovan na
dvoukolejny. Vystavba je provadéna Novou rakouskou
tunelovaci metodou (NRTM), jejiz soucasti je
rozpojovani horninového masivu, mimo jiné za pomoci
trhacich  praci. Typickym prikladem takovéto
rekonstrukce je tunel v Jablunkovském priasmyku. Zde
jsou v tésné blizkosti situovany dva jednokolejné tunely.
Jako provozovany je momentalné pouzivan star§i tunel
z roku 1871 a tunel novéjsi z roku 1917 se rekonstruuje.
V tomto rekonstruovaném tunelu bylo realizovano

12 stolarik. martin@seznam.cz
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nékolik seizmickych experimentalnich méfeni odezvy
trhaci prace.

2 Tunely Jablunkov

Stavebni objekt prestavby tunelu Jablunkov spada do
stavby ,,Optimalizace trati statni hranice SR — Mosty u
Jablunkova — Bystfice nad OIsi“. Jablunkovskym
priasmykem byly na konci 19., resp. zacatku 20. stoleti
vyrazeny dva jednokolejné tunely, které jsou v dnesni
dob¢ na konci své zivotnosti. V ramei rekonstrukce III.
zelezni¢niho koridoru se proto pfistoupilo k piestrojeni
mladsiho tunelu na dvoukolejny, v parametrech, které
odpovidaji aktudlnim normam.

Novy dvoukolejny tunel bude mit délku 612 m,
z toho je 564 m razenych a u kazdého portalu dalsich 24
m budovanych v zajisténé¢ hloubené stavebni jame.
Smérove je tunel veden v pfimé, pouze poslednich 60 m
je v prechodnici. Podle sklonovych pomért se jedna o
tunel vrcholovy. Tunel je navrzen v celé své délce se
spodni klenbou a s uzavienym systémem hydroizolace.

Razend ¢ast nového tunelu je budovana pomoci
NRTM, pii¢emz stavajici jednokolejny tunel cislo II
z roku 1917 je po jednotlivych zabérech ptestrojovan na
dvoukolejny tunel. Osténi starého tunelu je kromé
pravého opéfi (ve sméru stani¢eni) vybouravano a profil
je rozsifovan vlevo smérem =k jednokolejnému
Jablunkovskému tunelu ¢islo 1 zroku 1871 (Obr. 1).
Profil tunelu byl horizontalné ¢lenén na kalotu a opéfi +
po¢vu. Vyska nadlozi tunelu se pohybuje v rozmezi do
24 m.

Postup praci byl nésledujici. V ptedstihu se po celé
délce zajistilo ponechdvané pravé opéti Jablunkovského
tunelu ¢islo II (stfikany beton s vyztuznymi sit€émi a
kotvami). Poté se vyrazila kalota nového tunelu vcetné
vybourani ¢asti klenby starého tunelu a kalota byla
ihned zajiSténa primarnim osténim. Nasledné byl
vyrazen a primarné¢ zajis§tén zbytek nového profilu
véetné vybourani staré¢ho osténi zasahujiciho do profilu.
Rozpojovani hornin bylo vzhledem k zastizenym IG
pomériim mechanizované nebo s vyuzitim trhacich praci
a docist'ovani lice vyrubu mechanizované [podle 1, 2].



Obr. 1: Umisténi nového dvoukolejného tunelu [3]

3 Geologické a hydrogeologické
poméry

Zajmové Uzemi protina Uzké tdoli Jablunkovského
prasmyku. Prismyk je z jedné strany sevien hibety
Moravskoslezskych Beskyd, ze strany druhé hibety
Slezskych a Slovenskych Beskyd.

Geologicky se SirSi okoli nachdzi ve Vné&jsich
Zapadnich Karpatech, tvofenymi pievazné sedimenty
flySového charakteru (stfidani jilovcd, prachovceu,
piskovci a slepenct), které jsou zastoupeny slezskou a
raCanskou jednotkou. Ob& tyto jednotky tvofi
samostatné piikrovy, nasunuté pies sebe tzv.
magurskym nasunutim. Linie magurského nasunuti
probiha na vychodnim uboci Jablunkovského prismyku
(podél nového silni¢niho tahu E75, Jablunkov — Cadca).
Slozitd prikrovova stavba je doprovdzena zlomovou
tektonikou. Z inzenyrsko-geologického hlediska je
flySovy komplex typickym sesuvnym uzemim.

Vlastni trasa tunelu se nachdzi ve svrchni Casti
slezské jednotky paleogenniho staii, tvofené pirevazné
jilovei s rohovcovitymi a piskovcovitymi polohami.
Tunely jsou razeny v nejméné piiznivych geologickych
podminkach, v souvrstvi drobné cyklického flyse,
s ptevahou vapnitych jiloved, s velmi nizkou, az
extrémné nizkou pevnosti (podle CSN 73 1001 tiidy
R5-R6). Soucasnou razbou byly zastizeny laminované
tmavosedé jilovce, drobn¢ provrasnéné, castecné
zbtidli¢natélé az podrcené. Jilovce obsahuji tenké,
nepravidelné vlozky prachovcii az piskovcl (mocnost
do 5 cm). Pfevazuje vrstevnatost se stfednim uklonem

k jihovychodu, bfidli¢natost je strmého tuklonu
s prevladajicim smérem vychod — zapad.
Kvartérni  pokryv  je  pfevazné  budovan

diluvidlnimi sedimenty, které dosahuji mocnosti cca
0,8-3,2 m (ojedinéle az 6,1 m). Diluvia maji vétSinou
charakter jilu piscitych, az jili se stfedni plasticitou,
vétSinou tuhé, misty mékké nebo pevné konzistence.

Vzhledem ke konfiguraci terénu stéka z pfilehlych
svahti do oblasti prismyku nékolik drobnych vodote¢i,
které zavodiuji oblast tunelového nadlozi. Hladina
podzemni vody je v hloubce 0,25-6 m pod terénem.
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Béhem razby nebyly zastizeny vyrazngjsi pritoky vody,
vyrub byl suchy az vlhky [podle 2, 3, 4].

4 Seizmické experimentalni
méreni

Seizmicka experimentalni méfeni odezvy trhacich praci
byla realizovina na horni ldvce a  pocvé
rekonstruovaného tunelu pfi provadéni trhacich praci na
jadie. Realizace téchto meéfeni byla vyvolana jiz

vvvvvv

Slivenec [napf. 5] tak méfenim v laboratofi [6].

Prvnim cilem bylo sledovat utlum v nejblizsi
mozné zoné€ od zdroje dynamického namahani, tj. prvni
metry od Celby a to jak na horni lavce, tak i na
primarnim osténi jiz zbudované protiklenby. Druhym
cilem bylo sledovat vliv pevného uchyceni senzoru
k podkladu na charakter seizmického zdznamu
v amplitudové a frekvencni oblasti pii srovnani se
senzorem volné stojicim a to opét v blizké zoné. Ve
vSech pripadech se jednalo o trhaci prace s celkovou
nalozi do 18 kg, s vyvrty vrtanymi z pocvy horni lavky
a zabérem kolem 3 m. Celkem bylo v tunelu realizovano

pét experimentalnich méfeni, ktera budou dale
pfedstavena. VSechna méfeni byla provadéna
seizmickymi aparaturami Gaia2T s tfislozkovymi
senzory.

4.1 Experimentalni méreni |

Pfi prvnim méfeni byly 4 senzory umistény na pocvé
horni lavky, kterou predstavovala z ¢asti prozatimni
zelezobetonova protiklenba zbudovana pfti razbé kaloty
a z Casti pozistatky ptivodni zelezobetonové protiklenby
star¢ho rekonstruovaného tunelu. Paty senzor byl
umistén na primarnim osténi protiklenby nového tunelu
(Obr. 2).

-

Obr. 2: Schéma experimentalniho méteni I



4.2 Expernimentalni méreni Il

Druhé méfeni bylo realizovano na primarnim osténi
protiklenby nového tunelu, kde bylo umisténo 5 senzori
(Obr. 3). Prvni dva ViGeo2 se vzorkovaci frekvenci 500
Hz, tieti v poradi (oznaceni 1) Lennartz se vzorkovaci
frekvenci taktéz 500 Hz a dva nejvzdalenéjsi senzory
Lennartz (vzorkovaci frekvence obou 250 Hz).
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Obr. 3: Schéma experimentalniho méfeni 11

4.3 Experimentalni méreni lll

Pti tfetim experimentalni méfeni bylo pouzito celkem 7
senzorl. Dva (Lennartz 500 Hz) byly osazeny na horni
lavce na prozatimni Zelezobetonové protiklenbé. Dalsi
senzor (Lennartz 500 Hz) byl umistén ve vzdalenosti
10 m od Celby na jesté nedostiikaném primarnim osténi
protiklenby. Ve vzdalenosti 15m od celby byly
umistény zbyvajici 4 senzory (dvakrat ViGeo2 500 Hz -
oznaceni 2, 3 a dvakrat Lennartz 250 Hz — oznaceni 4a,
4b), ptiCemz dva senzory byly pevné uchycené
upinacim paskovym timenem (3 a 4a) a dva volné
stojici (Obr. 4, 5, 6).

Obr. 4: Usazeni senzort ViGeo2
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Obr. 5: Usazeni senzoru Lennartz
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Obr. 6: Schéma experimentalniho méfeni 111 — senzory 3
a 4a uchyceny upinacim paskovym timenem

Pfi tomto méfeni byla Spatné provedena trhaci
prace a doSlo k vyraznému odhozu vétSich kush
rubaniny do vzdalenosti az 30 m pravdépodobné v
disledku chybného navrtani vyvrtd. Senzor ¢islo jedna
byl poskozen, senzor Cislo 2 byl pfevracen a kolem
senzorti 3, 4a a 4b dopadlo velké mnozstvi odhozené
rubaniny, takze zdznamy byly znehodnoceny pro dalsi
zkoumani.

4.4 Expernimentalni méreni lVaV

Schémata poslednich dvou experimentalnich méfeni
byla stejnd. Ve vzdalenosti 20 m resp. 24 m byly
umistény senzory ViGeo2 a Lennartz stejné jako u
tretho méfeni, senzory Lennartz i VeGeo2 mély
vzorkovaci frekvenci 500 Hz. Uchycené upinacim
paskovym tfmenem byly opét senzory oznacené 3 a 4a.
Dale byly na primarnim osténi protiklenby umistény
dalsi dva senzory Lennartz (vzorkovaci frekvence 250
Hz) a to ve vzdalenosti 5 m a 10 m resp. 11 m od
prvnich senzort (Obr. 7).
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Obr. 7: Schéma experimentalniho métfeni IV resp. V —
senzory 3 a 4a uchyceny upinacim paskovym timenem
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5 Zaveéry

V ptispévku byla predstavena schémata experimen-
talnich seizmickych méteni odezvy trhacich praci
provadénych pii rekonstrukci zelezni¢niho tunelu Mosty
u Jablunkova. Prace tematicky navazuje na predchozi
studie, zabyvajici se problematikou utlumu v tzv. blizké
zoné a problematikou usazeni, resp. uchyceni senzoru
pti experimentalnich métenich in-situ [7].

Vysledky téchto experimentalnich méfeni budou
pouzity:

a) jako zdroj informaci pro vytvofeni mate-
matického modelu odezvy trhaci prace na
primarni zelezobetonové osténi nového tunelu
(protiklenba) resp. kamenném osténi prozatimné
provozovaného jednokolejny tunel <¢islo I
(méfeni provadéna v nejmensi mozné
vzdalenosti a to jak na protiklenbé tak na horni
lavce),

b) ke studiu utlumu maximalni amplitudy rychlosti
kmitani v tzv. blizké zén€¢ po délce primarniho
osténi protiklenby nového tunelu popt. pivodni
protiklenby rekonstruovaného tunelu (méfeni I a
IT popt. méteni IV a V, senzory 2, 5, 6),

c¢) ke studiu zplsobu usazeni resp. uchyceni
senzoru  seizmické  aparatury  k podkladu
s ohledem na charakter seizmického zaznamu jak
v amplitudové tak frekvencni oblasti.

Podékovani

Piispévek byl zpracovan za finanéni podpory GACR
105/09/1415 ,,Studium seizmickych projevtu trhacich
praci a dalSich vibraci v blizké zoné vyvolanych pii
razbé mélkych podzemnich dél*.
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a Arcadis za umoznéni experimentalnich méteni.
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Problems of (dis)continuous sediment movement in th

e

By €inec Basin (the Moravskoslezské Beskydy Mts.)

Vaclav Skarpich
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Abstract

Impediments to sediment movement within a basin
restrict the rate of sediment transfer from theaare
upstream of the respective point. The distributaomd
movement of river sediment in channels mark the
degree of river system (dis)connectivity. We
differentiate between factors which impede the reedit
supply into the channel (the so-called lateral
disconnectivity), factors which impede the sediment
supply along the channel (the so-called longitudina
disconnectivity) and factors which disrupt vertical
linkages through their effect on surface-subsurface
interaction with sediment (we speak about buffers,
barriers and blankets respectively). We identified
buffers with terraces, alluvial fans and other fanchs

and features, barriers with torrent controls, bekro
steps, woody debris and blankets with land cover,
floodplain sand sheets and other landforms. These
features operate as switches of open or close the
processes of sediment delivery and determine its
potential to directly contribute the sediment ta, o
transport the sediment along the channel netwodeun
given flow condition. This is referred as effective
catchment area. We distinguish buffers, barrierd an
blankets induced by nature from those induced bg.ma
Human impact on landscape connectivity is very
variable. Some forms of human disturbance cause
disconnectivity (torrent controls disrupting longiinal
sediment movement in already considerably
disconnected landscape), while others bring about
connectivity (the rate of sediment movement inoedas
as a result of the cleaning of woody debris from
channels). The Bynec sub-catchment plays an
important role in the framework of fluvial
(dis)continuum, as it is a source of sediment dravs

the ability to transform large amounts of rainfalls
through land cover, channel and landscape roughness
etc. for the whole Moravka River catchment. Main
factors affecting distribution and movement of
sediments in the Bynec Basin are induced more by
nature than by man relatively.

Iskarpich@centrum.cz
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Keywords. Fluvial geomorphology, (dis)connectivity,
sediment distribution, transport of sediments, the
Bycinec Brook, the Moravskoslezské Beskydy Mts.

1 Introduction

Study of temporal changes of channel pattern ofidlu
systems is one of the main research aim in fluvial
geomorphology. For right conception of river system
must know spatial structure of river landscape vaith
component fluvial system. Spatial distributiorflofial
forms (the first place distribution of erosive and
accumulation forms in channel) reflects sediment
movement in catchment. The transport of sediment is
important component for right function of fluvial
system. It determines channel form and a redudtion
the supply of these sediments may induce channel
changes. We name fluvial system as continuum
(Vannote, 1980) and we see it as a transport aggkpt

of sediment throughout the channel where the pestic
are exchanged, with deposition on bars and fresh
material of similar nature being eroded from theksa
(Hooke, 2003; Kondolf, 1997). In fluvial
geomorphology we speak about fluvial (dis)continuum
(Lehotsky and GreSkova, 2008) because continuum is
disrupt by disconnectivity (Fryirs et al. 2007; Heo
2003). We defined (dis)connectivity as the transfér
energy and matter between two landscape compasgment
or within a system as a whole (Chorley and Kennedy,
1971). We separate three main forms of fluvial
(dis)connectivity which influence behaviour of sednt
transport in catchment:

(dis)conectivity disrupt lateral connectivity, so-
called buffers (prohibit the enter of sediment itite
channel),

(dis)conectivity disrupt longitudinal connectivity,
barriers (prohibit the transport of sediments along
the channel),

(dis)conectivity disrupt vertical connectivity, so-
called (prohibit the entrainment of sediments).
Spatial distribution of buffers, barriers and blarsk
define parts of the catchment which are potentially
actually contributing sediments into the channel; s
called effective catchment area (Fryirs et al. 2007



2 Methodics

Main source of information about occuring erosiow a
accumulation fluvial forms in the Binec Basin
brought detailed fluvial-geomorphological mapping.
Mappping was complementing with longitudinal and
transversal profile of valley (see Fig. 3 and 4).

For analyses of sediment transport we chose saction
of the channel which were determinated by fluvial-
geomorphologicaly mapping. Every part of the channe
is characterized by anthropogenic influence, channe
character, stream behaviour etc. In these detetedna
sections, we used the bank to bank sampling frame i
the stream (Bunte and Abt, 2001). Particle analisis
based on measurement of the three particle axes tha
defines the three-dimensional shape of a particle:
longest (a-axis), the intermediate (b-axis), an@ th
shortest (c-axis). One of the information sourdesua
connectivity in fluvial system are analyses of anddch
contribute sediments into the channel. We used maimi
diameter and shape index. Nominal diameter reptesen
spatial variability of sediments in channel, refteeffect
of sediments workability down along the channel in
longitudinal profile and is computed from:

Dn=(a-b-§"?

where a is length a-axisbp is length b-axisc is
length c-axis andn is nominal diameter. Shape index
represents workability down along the channel tnd a
is computed from:

i=(b*c/a)*

where a is length a-axisp is length b-axisc is
length c-axis andis shape index.

3 (Dis)connectivity in the

By éinec Basin
Accumulation of sediments in longitudinal profilarc
have various reasons. In the d&hec Basin
accumulation it is caused by effect of local deseca
sediment function. We differentiate accumulation
induced by nature or man, in the d&yec Basin.
Between natural accumulation comprise bedrock steps
culvert steps and woody debris and between
accumulation induced by man comprise woody steps,
culverts and bridges.

Erosion parts of channel occures mainly bellow the
barrier, which impede transport of the sedimentgeske
barriers are in case of the 8gec induced by nature -
woody debris, bedrock steps or induced by manremdr
control, culverts and bridges. Local (dis)connattiv
induced deep erosion by man you can see in Fitp 1.
this part culvert caused deep erosion, which isuet
ended by torrent control.
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One of the main sediment sources in channel is
landslide in the middle part of stream (R§b2008). In
this part with landslide is visible deep erosiontioé
channel and then lateral erosion of banks (see Fjig.
This part of channel is highly connected with seurc
area of sediments.
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Figure 1: Longitudinal profile of the channel reagith
illustrative deep erosion of channel bed from #reace.
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Figure 2: Particle-size composition in longitudinal
profile of the Bginec Brook
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Figure 3: Shape index composition in longitudinal
profile of the Bg¥inec Brook



Lateral (dis)connectivity is represented by buffers particle-size index shows sediment source areath@o
the Byinec Basin are (dis)connectivity differentiated channel (high connective part of the catchment) as
between induced by nature and man. Between landslide area in the middle part of the¢Byec Brook
disconnectivity induced by man are including e.g. and part of the channel with deep erosion caused by

enrockment of banks in down part of the¢Byec Basin culvert in the upper part of the stream. We spdaiut
which have accelerated effect on natural discotinigct effective catchment area (Fryirs et al. 2007) is tase.
(see Fig. 4 and 5). Analyse of sediments workability by shape index is

oscilating around value 0,6 (see Fig. 3). In thgeaup

: : part of the catchment we see effect of gully whigh
4 Macrogranulometrlc anaIySIS characterized as source of sediments into the ehann

Macrogranulometric ~ analyse proclaim increasing Similarly we see relatively lower value of index time
particle-size index in the landslide area and belbev part of the landslide area.
culvert along the channel (see Fig.2.). Increasifig
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Figure 4: Cross-profile X-X" of valley bottom ofefByinec Brook- down-stream lateral (dis)continuumskpe as
potential source of sediments that have been degloat the bottom of a low-grade slope in collussagment; b)
colluvial segment of valley disconnected by terraxefloodplain with character of disconnectivitgcawith character
as potential source of sediments for channel;aydplain eroded by lateral erosion of stream (swofcsediments into
the channel); e) channel with moving sedimentsempderosion (source of sediments from bed); fug@l segment of
lateral eroded bank (source of sediments into tizmeel); g) lateral eroded bank (erosion is reoeht with high water
stage); h) slope as potential source of sediments.
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Figure 5: Cross-profile Y-Y~ of valley bottom ofefByinec Brook- middle part of stream lateral (dis)doatim; a)
landslide part of slope as potential source of medis; b) lateral eroded bank in landslide areas{en is recent,
source of sediments into the channel); c) chaniél moving sediments or deep erosion (source oinseats from
bed); d) lateral eroded bank in landslide areas{erois actualy, source of sediments into the ceBna) accumulation
of landslide, alluvial fan and colluvial segmentwallley potential source of sediments; f) slopgatential source of
sediments that have been deposited in the collseiginent.
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(3]
5 Conclusion

Partical-size composition of channel sediments @lon

the longitudinal profile of the BYynec Brook has [4]
unsteady progression. This is caused by unevenly
distribution of source sediment areas. This effeseen

on the other streams in the Moravskoslezské Beskydy
Mts. (D&d, 2007; Galia, 2009). We are detecting
sporadically deep erosion in the channel part with
influence of man e.g. torrent control in the midgkrt

of the stream or enrockment of the banks in the
downstream where are blocked sediment sources e.g.
proluvial or colluvial sediments. This proluvial dan [6]
colluvial segments of catchment can be potentiatea®
area of sediment (Owczarek, 2008). Main source of
sediments into the channel are from lateral eroded
banks, sediments from stream bed, gullies, colluvia
segments with contact parts of channel and largslid

[5]

[7]
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Vypo €ty sdruzenych uloh napjatosti a proud

rozpukanou horninu

llona Skarydova
Technick& univerzita v Liberci
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Abstrakt

ReSena problematika sdruZenych prdécesapjatosti
a proudni souvisi s projektem Decovalex, ktery se
zabyva koncepci planovaného hlubinného Ul&zist
a bezpéného ukladani vyhelého jaderného paliva.

K vypoétim pouzivame jednoduchy testovaci 2D
model bloku horniny, kde nahrazujeme pukliny tzv.
mékkym materidlem, tj. materialem i&dow nizSim
modulem pruznosti, nez je modul pruznosti horniny.
Timto zpisobem nizeme pipad feSit jako kontinuum,
ale zarove zachovame vliv diskontinuit.

Oba procesy ptame sekvetné: nejprve se
zabyvame napjatosti horniny, ktera oiiliye jeji
hydraulickou vodivost a nasle&in proucni vody. Pro
Ucely vypaitu je teba transformovat data z mechanické
analyzy na data, ktera se pouZiji loze proudni.

Owerili jsme, Ze pouZziti nelinearniho materialu lépe
odpovida realnému chovani horniny. Pokud totiz
aplikujeme fizné pomdry normalovych nagti na blok
horniny a navic nagi v jednom sréru zvySujeme, tak
jestlize zvySujeme iedepsané na&f v piiblizne
normalovém srru na puklinu, puklina se pomalu
uzavira. Ale pi postupném z&Fovani ve sriéru, ktery je
piiblizné tetny na puklinu, dojde nejprve k uzawni
pukliny, ale poté se roz#sni postupé mirrg zvysuije.
Keywords: numerické simulace, sdruzené procesy
napjatost, prouthi podzemni vody, rozpukana hornina,
Ansys, Flow123D

1 Uvod

Sdruzené procesy, konkrétTHMC maji dilezity vliv

na chovani hornin. Vramci této prace zkoumame
ptisobeni hydro-mechanickych progesna horninu

s puklinami, konkrét& zmeny v hydraulické vodivosti
rozpukané horniny, na kterouigpbi mechanické naf.
Touto problematikou se zabyvame v navaznosti na
projekt Decovalex, na kterém spolupracufiatik stat

z celého s#ta, které pipravuji koncepci hlubinného
Ulozis€ vyhorelého jaderného paliva, kazdy ve svém
specifickém prosedi. UloZis¢ by melo byt vybudovano

v coO nejmén poruseném horninovém masivu. Protoze
ale vZdy v hornié néjaké pukliny budou, fipadré se
vytvori pii vystavi# Sachet atuné) zabyvame se jiz
zmirénymi hydro-mechanickymi procesy v horaéin
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ProteSeni 2D hydro-mechanickych protese uziva
metoda od8enych elemerit, ktera jeteSena pomoci
programu UDEC [2]. Zde je rozpukand hornina
predstavovana samostatnymi ébihymi bloky a jeji
chovéani popisuji empirické vztahy vychazejici hjej
realného chovani [1].

My jsme zvolili trochu jiny pistup: blok horniny
aproximujeme také 2D modelem, ale pukliny jsou
reprezentovany 2D utvary. Navic jsou pukliny
prestavovany materialovym prostim, takzvanym
mékkym materidlem, jehoz Yourig modul pruznosti je
fAddow nizSi nez modul pruznosti horniny. S timto
pristupem nizeme s modelem piat jako se spojitym
prostedim, ale diskontinuity — pukliny nam v modelu
ziistanou zachovany. DalSi vyhodou je moznost vyuziti
obecného konmé-prvkového vypotového systému.
Diky jednoduché aproximaci ziskameepled v této
problematice, abychom mohli ziskané poznatky dale
vyuzit ve slozijSich a sofistikovagjSich modelech.

Diléi procesy (napjatost a pratrd) pasitame
oddleng. Postupujeme tak, Ze nejprve vy¢feme Ulohu
napjatosti a ze ziskaného pole posunuti ziskamsmam
Sitky pukliny. Tu déle pouzijeme k&eni hydraulické
vodivosti horniny, kterou aplikujeme v tloze preénd
K uvedenym vypstim pouzivame &kolik softwar: pro
Ulohy napjatosti Ansys, pro Ulohy praumd Flow123D.
Dale uzivame postprocesorovy modul programu GMSH
k vizualizaci vysledk uUlohy prougdni apro el
transformace dat je vytyven skript v Matlabu.

Nakonec uvedeme konkrétni Glohu s aplikaci popsané
metodiky.

2 Metodika reSeni

Proudni podzemni vody v puklinovém présti je
ovliviiovdno mnoha fyzikalnimi procesy. Budeme
uvaZzovat proughi ovlivnéné mechanickym na&gm.
Vytvoiime model bloku horniny s puklinami, na ktery
bude fisobit mechanické n&f. Jeho vlivem se zémi
rozeweni puklin atim i hydraulickd vodivost horniny.
Samostaté vyieSime Ulohu napjatosti a z jejich vystup
vytvoiime vstupy pro Glohu proddi. Reseni probiha ve
tirech krocich:
 Uloha napjatosti
e transformace pole posunuti do &mg Sitky pukliny

a zneny hydraulické vodivosti horniny
e Uloha proudni



2.1 Uloha napjatosti

Zakladnim cilem Ulohy napjatosti je pro zadanou
geometrii  se zadanymi okrajovymi podminkami
(upevrénim a zatizenim) nalézt pole posunuti, éap

a deformace [7]. Ulohu napjatosti jsme modelovadi v

vypoctovém  systému  Ansys, vrezimu rovinné
deformace [3].
Dilezitym hlediskem je aproximace pukliny

materialovym prosedim. Ve skuténosti je mezi bloky
horniny volny prostor, my ale p@&bujeme zachovat
model spojity, abychom snim mohli @tat jako
s kontinuem. Ktomu nam d&b poslouzi ,nikky"
material, jehoz hodnota Youngova modulu pruznasti |
niz§i nez modul pruznosti horninovych bilokPro
srovnani jsme pouzili materialovy model s 10x ax00

a 3000x nizSim modulem pruznosti nez modul pruznost

horniny. Navic je aplikovan jeden nelinearni mateny

model, ktery lépe popisuje realné chovani rozpukané

horniny a jeho popis vychazi z redlného pozoroyéhi

Zatimco linearni model ma na zvySujici se normalova
napsti stale shodnou odezvu, u nelinearniho modelu je

material pukliny mskei pro nizsi nagti, naopak pro vyssi

normalova nagti se stava pewsim. Nelinearni model

a linearni model materialu pukliny o modulu pruznos
15 MPa (3000x niz§i) jsou uvedeny na Obrazku 1.

Zavislost deformace na nap éti
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Obréazek 1: Linearni a nelinearni model materialipyk

2.2 Transformace pole posunuti na
zménu Sifky pukliny a hydraulickou
vodivost

Protoze je feba z pole posunuti zjistit zmu Siky
pukliny a hydraulickou vodivost horniny, musime si
vytvorit nastroj k transformaci dat. K tomut@elu jsme
sestavili skript v Matlabu, ktery samostatrspaiita
absolutni zrénu rozeveni pukliny. Jako vstupy pouziva
piimo textové soubory vygenerované z Ansysu
obsahujici seznam el s gisluSnymi soiadnicemi

a seznam elemdnts gislusSnymi uzly a dale soubor se
sloZkami vektoru posunuti jednotlivych GzVystupem
je pak soubor se zZmami rozeveni pukliny gifazenymi

k jednotlivym uziim pukliny a materidlovy soubor
s hydraulickymi vodivostmi pro program Flow123D.
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Pro ely tohoto skriptu a pro jeho jednoznau
a jednodussi realizaci bylo nutné jid ptipraww modelu
v Ansysu speciath rozmistit uzly v puklig. Ty musi
leZzet @esr® naproti sob v pukling, abychom mohli
snadno ufit zménu rozeveni pukliny jako kolmy pimét
rozdilu posunuti u#dl lezicich v puklig naproti sob,
viz Obrazek 2:

ab="2 "% g

I

kde Ab[m] je zmeEna Stky pukliny, G, [m] vektor
posunuti uzlué.l, G,[m] vektor posunuti uzlug¢.2,
k [m] norméla ke swru pukliny utena jako spojnice
bodi ¢.1 ac.2, |k|[m]velikost normdly ke sru
pukliny.

Nova zngénéna Stka pukliny bude pak uz pouze
sowet pivodni Stky a vypdtené zminy Siky. A ze

1)

zmengné  Stky spdteme  hydraulickou  vodivost
horniny [5] podle vztahu:
b? g
K= )
121 2)

kde b[m] je zmsnéna &fka pukliny, K [m-s}]
hydraulickd vodivost, p[kg-m? hustota proudici
tekutiny, g[m-s? tihové zrychleni au [kg-m*-s?]
dynamicka viskozita proudici tekutiny.

Obrazek 2: Zmna rozeveni pukliny

2.3 Uloha proud é&ni

Ulohu proudni pasitame pomoci programu Flow123D,
ktery je vyvijeny na Technické univerziv Liberci [4].
Resime pitom Darcyho rovnici pro danou geometrii se
zadanymi okrajovymi podminkami:

g=-KgradH , (3)

kde G [m-s'] je tzv. darcyovska rychlost (odpovida
plodné hustat toku), K [m-s'] hydraulickd vodivost
a H[m] piezometricka vySka. Pro Uplnost zadani gest



potiebujeme zékon zachovani hmoty, ktery reprezentuje
rovnice kontinuity:

(4)

kde v; (i = 123) [m-s"] jsou slozky vektoru rychlosti,
p [kg-m®  hustota  tekutiny, n[-] porozita,
x (i=123)[m] polohové sotadnice, t[s] ¢asova
souadnice [8].

3 Vypo éet modelové ulohy

Nejprve nadefinujeme uGlohu sgemi puklinami, kterou
pouziieme pouze kanalyze mechanickych dueli
a nahlédnuti do problematiky chovani horninovyakil
odcklenych puklinami.

Popsanou metodiku pak pouzieme na \gio
konkrétni modelové Ulohy — 2D model horniny s jegdno
puklinou a spéteme cely sdruzeny proces napjatost-
prouckni.

Pro poteby Uulohy napjatosti pouzijeme model
o rozngrech 1000x #tSich nez je jeho skuteéa velikost,

s daty odpovidajicimi skutaosti. Diky lineari¢ modelu,
pak mizeme ped vypd@tem ulohy proudni provést
pieskalovani a model vynasobit hodnotot’1Do Glohy
proucni bude vstupovat stejnd geometrie pouze s jinymi
rozmery a hydraulickou vodivosti  vychazejici
z transformace.

3.1 Geometrie, materialové vlastnosti
a okrajové podminky modelu se
tfemi puklinami

Geometrie uvazovaného modelu zobrazuje Obrazek 3
vlevo. Jedna se &verec o strah 12 metfi se déma
puklinami sn&fujicimi doli ajednou zjedné strany
modelu na druhou. Pukliny v nezatizené hatnin
(mySleny stav, kdy na model newbi zadné na)

méii 8,64 centimetru.

1m 4m 832m

]

8,64dcm

Sm
m

0,1m

3m
1

1m
(5

¥ 8m

12m 12m

L.
Obrazek 3: Model s jednou a $erhi puklinami

Hodnoty materidlovych koeficieint pro Ulohu
napjatosti pro horninu i@ varianty ,nekkych®
materiali pukliny jsou uvedeny v Tab. 1. V lUloze se
ttemi puklinami jsme vyuzili pouze prvityii zminéné
materialy.
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Tab. 1 - Fyzikalni vlastnosti granitu a pukliny

Material | E[MPa] | p | Hustota [kgm?]
Grani 4500(| 0,23 270(
Puklina : 450(| 0,2: 270C
Puklina - 45C| 0,2z 270C
Pukline 3 15] 0,28 270C
NelinPuk | proménny| 0,2% 270C

U modelu s vice puklinami jsme upevnili ©bosni
strany ve srru osy X a pro jednoztiné ucgeni bylo
nutné navic fedepsat nulové posunuti ve &m obou
souradnych os pro jeden bod uvnmodelu.

Stred modelu je umish 500 meth pod zemskym
povrchem, proto je na jeho horni stranu aplikovano
napti odpovidajici tlakové sile horniny nad modelem
a spodni strana je zatizena stejnou hodnotowstinap
pouze z¥tSenou o tihu odpovidajici bloku horniny
o rozneérech modelu.

3.1.1  Vyhodnoceni modelu se t femi puklinami

Pro ilustraci zde uvedeme pouzikolik nejdilezitéjSich
poznatkh a ktomu jsme vybrali celkové posunuti pro
model s puklinou s materidlem s modulem pruznosti
4500 MPa (material Puklina 1), ktery je uveden na
Obrazku 4.

Vlivem predepsaného zatizeni hraje dominantni roli
y slozka vektoru posunuti a hodnota celkového paigun
v polovine modelu pohybuje okolo nuly. Z obrazku je
vidét, Ze bloky se po puklihmohou vlivem nikkého
materialu klouzat atomu iodpovida pole posunuti
v puklinach, které fechazi viceménplynule od jednoho
kraje horninového bloku ke druhému.

Z vizualizaci dalSich velin je mozné ufit, Zze se
vlivem niz§iho modulu pruznostiipstejném nagti vice
deformuji pukliny nez hornina. Maximalni intenzita
deformace je dosazena pro puklinu jdouci zleva akapr
Diky ptitomnosti puklin se v modelu vyskytuje nenulové
smykové nafiti a to pra¥ v puklinach, v hornia se jeho
hodnoty pohybuji okolo nuly. VSechny tyto vlastrncst
pak jest vice projevuji pro ki linearni materialovy
model pukliny Puklina 2.

0 42305
211F-03 L6E-03

LB6F-03 001289 001692
001057 00148 001303

Obréazek 4: Pole posunuti



3.2 Geometrie, materialové vlastnosti
a okrajové podminky pro model
s jednou puklinou

3.2.1 Uloha napjatosti

Geometrie modelu sjednou puklinou pro Ulohu
napjatosti je uvedena na Obrazku 3 vpravo. Svym
konceptem odpovida geometrii modelu s vice puklinam
obsahuje vSak pouze puklinu jdouci Sikmoddol

Materialové vlastnosti modiel jednou puklinou jsou
stejné jako pro ipad se femi puklinami, ale pouZit je
i nelinearni material (Obrazek 1) alinearni méater
Puklina 3 (Tab. 1), ktery se lépe hodi pro poro¥nan
s nelinearnim materialem.

Pro tento model jsoufpdepsény dva typy upetmi.
V prvnim pipac je pledepsano nulové posunuti ve
sméru obou sotadnych os v pravém dolnim rohu
modelu a nulové posunuti ve &m osyy vlevém
dolnim rohu modelu. Ve variahtdruhé je upewni
analogické, pouze je umdsé z boku modelu. Fixovan je
tedy levy horni roh ve stnu obou sotadnych os a levy
dolni roh ve siru osy x. Zjednoduserieceno jsou bd
upevrény oba bloky horniny modelu, nebo je up&wn
pouze levy blok a pravy ,drzi* jenigs puklinu, viz
Obrazek 5.

pat Py

Obrazek 4: Upewni modelu s jednou puklinou:
upevréni 1(vlevo), upevéni 2(vpravo)

D

<0

[<I=Ts]

Zatizeni pro model sjednou puklinou jsme oproti
modelu s tkolika puklinami zjednodusili. NeuvaZzovali
jsme zde tihovou silu, aletgrlepisovali jsme n&f,
které giblizn¢ odpovidd nagti v hloubce 500 meir
Hodnoty zatiZzeni jsou naviciqmlepisovany viznych
porrgrech tlaku seshora a zdola ku tlaku zbokodelu
(konkrétrt  hodnoty 0:13, 13:13, 26:13, 39:13,
60:13 MPa a hodnoty v ofg@@m pondru).

3.2.2 Uloha proud éni

Geometrie pro Ulohu progdi je shodna jako pro
nezatizeny stav v Uloze napjatosti, i kdyz puklva
skute&nosti vlivem zatizeni samfgimé zmeni Siku. Do
modelu proudni tedy neni tato z#éma zahrnuta
fyzickym pietvarenim geometrie, ale zmou hodnot
hydraulické vodivosti jednotlivych eleménpukliny.

Hydraulické vodivosti jednotlivych eleménpukliny
jsou spétené skriptem v Matlabu. Hydraulicka vodivost
pro elementy horniny je rovna hoddamnohonasohin
nizsi, aby ¥tSina vody proteklaigs puklinu, konkréth
jsme zvolili hodnotu 18 m-s'.
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Okrajové podminky pro Ulohu proéni se tykaji uz
pouze modéi s jednou puklinou, pro které provadime
kompletni modelovy fklad. Témto modeim jsou
piedepsany modelové okrajové podminky. Na horni
a dolni stranu fedepséan takovy tlak, abyigobil snérem
nahoru tlakovy gradient avoda mohla proudit proti
smeru pisobeni gradientu. Konkrétrje na horni stranu

piedepsano 100 mm ana dolni stranu 105 mm
piezometrické vysky.
3.2.3 Vyhodnoceni modelového p Fikladu pro

sdruzeny proces

Ve zhodnoceni celého sdruzeného procesu se jiz
nebudeme zabyvat samostatnym popisovanim vysledk
Ulohy napjatosti, jejich vliv ale zminimefippopisu
zmeny rozeveni a hydraulické vodivosti pukliny.

Zména Stky je vypaitena skriptem v Matlabu
a pirazena k jednotlivym uém pukliny. Budeme ji
porovnavat jednak z hlediska materidlovych madel
pukliny, ale také v zavislosti na pouzitém zatizeni
a upevini. Budeme uvazovatupodni Stku pukliny
8,64 cm a uvazovana zatizeni 0, 13 a 26 MPa aplikdv
v kombinacich z bak seshora a zdola.

Celkow Izefici, Ze pro modely s linearnimi materialy
se puklina vice¢i méré zuzuje. K nejvyraz&Simu
zUzeni dochazi pro modely svysSSim tlakem zibok
Zména rozeveni pro modely supe¥nim dole
(Obrazek 4 vlevo) je pro vSechny elementy viceén
konstantni vzhledem k poloze v puldjinpro modely
s upevinim z boku dochazi k&Simu rozptylu hodnot.
Tato vlastnost plati jak pro vySSiggepsany tlak seshora
a zdola, tak pro vyssi tlak z bink

Modely s materialem pukliny Puklina 1 vykazuji
zmeénu $tky v fadu 10'm, s materidlem Puklina 2radu
10°m. Ritom zde plati princip superpozice &nky
aplikovanych nagti se gitaji.

Vlastnosti zmény Siky pro linearni material
s modulem pruznosti E = 15 MPa (3000xnizSim nez je
modul pruznosti horniny) jsou kvalitativn shodné
s vlastnostmi, které byly popsany pro materialyIPiakl
a Puklina 2. Zrény Siky jsou ale vyraz#si, pohybuji se
v ifadech centimelr V Tab. 2 jsou uvedeny konkrétni
hodnoty zrmény Siky pro linearni v porovnani
s nelinearnim materidlem pukliny. Hodnoty v tabulce
jsou uvedeny s uvazovanouivedni Stkou pukliny
8,64 cm a zapsany jsou minimalni a maximalniémyn
v ramci pukliny. Zatizeni ozgana 1 aZ 6 jsou upesma
zdola, zatizeni O2 az O4a jsou upinanz boku.

Z tabulky je vidt, Ze se puklina nejméruzavira pro
aplikované zatizeni 1 a O1. Naopak pro linearnienwlt
pukliny pii jakémkoli zatizeni, kde je aplikovano 26 MPa
z boli, je znmeéna Stky vétsi, nez je jeji pvodni Stka.
Tento problém viesi pouZiti nelinearniho materialu, kde
uz k nerealnému zizeni nedochazi, a proto lépespjepi
skut&né chovani rozpukané horniny.



Tab. 2 — Zmena Stky pro lin. a nelin. material

_ zména rozeweni pukliny
C. PopIS [cm]
zati- ( ”Z:(;Zegalme lin. materidl | nelinearni
zeni predep E =15 MPa material
tlaky) . .
min | max | min | max
1 | B “g%"(‘)l’;am -0,835| -0,752| -1,01 | -0,914
26 MPa nahie
2 adole 13MPa| -7,30 | -7,21| -6,03 -5,9§
Z bokit
13 MPa nahie a
3 dole 26 MPa z <-8,64 -7,24| -7,20
boki
4 26 MPa z bok <-8,64 -6,04| -5,96
4a | 13MPazbok | -5,70 | -5,63| -5,33 -5,26
5 |26 'V'F;"’(‘)l’;ah“f &l 167 | -1,50| -1,21 -1,09
26 MPa nahie a
6 dole 26 MPa z <-8,64 -7,83| -7,81
boki
o1 |1¥MPanateal g 61| .0,731| -1,04 | -0,893
o2 |26MPamateal 75| 146| -1,24) -1,04
04 | 26 MPaz bok <-8,64 -6,05| -5,94
O4a | 13MPazbok | -5,71 | -5,62| -5,33 -5,25

K vyhodnoceni zrmy hydraulické vodivosti horniny
pouziieme vySe zmémé zatizeni siznymi pongry
aplikovanych nagti. PredepiSeme konstantni tlakové
napsti 13 MPa shora a zdola a ®&#pz boki zvySujeme,
nebo pedepiSeme 13 MPa z hioka nénime napti
seshora a zdola, zde jiz uvazujenite§galovany model.

Zavislost hydraulické vodivosti  horniny na
aplikovaném zatizeni zobrazuje Obrazek 5. Pro tuto
analyzu byl pouzit nelinearni material pukliny.

Jednotlivé kivky jsou pojmenovany podle toho, kde je
u modelu pedepsan konstantni tlak. Pro konstantni
zatizeni z bok zde mame dv varianty liSici se
upevrénim, viz Obrazek 4. PIn&éara bez zniky
ozna&uje hydraulické vodivosti horniny, kter4 neni
zatizena. Hodnoty na ose x jsou jeditym ozna&enim
pro jeden typ zatizeni, druhy typ zatizeni by anaen
symetricky.

Z prabéht kiivek je patrné, Ze pro kazdé zatizeni
hodnota hydraulické vodivosti horniny s puklinoedhe
oproti nezatizenému stavu. Pokud na blok horniny
piedepisujeme zvySujici se tlak z lipkak se puklina
pomalu uzavird a hydraulicka vodivost horniny klesa
(zndzorwno carkovart). Pro oba fipady zvySujiciho se
tlaku nahde a dole, které se liSi pouze up&vim, plati,

Ze se puklina nejive pongrné dost uzaie, @i dalSim
namstu tlaku se vSak znovu pomalu otevira, ale na
hodnotu rozekeni nezatizené horniny se uZz nedostane.
Hydraulicka vodivost horniny se tedy pro tato zetiiz
nejprve zmensi, dale ale jeji hodnota rostévkly, které

se pgekryvaji).
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Zavislost hydraulické vodivosti na
zatizeni
0.07
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—@— konstatni tlak z bokd upevnéni 1

0.05 T - -+ - konstantni tlak nahofe a dole
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—o— konstantni tlak z boku upevnéni 2
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Obréazek 5: Zavislost hydraulické vodivosti na
aplikovaném zatizeni

4 Zaveér
Resili jsme sdruzené procesy napjatosti a pénigro
rozpukanou horninu. Popsali jsme chovani horniny
s puklinami zatizené tenymi nagtimi avliv na
hydraulickou vodivost. #tom jsme material pukliny
aproximovali tzv. nikkym materidlem, jehoz Youriyg
modul pruznosti je nizSi nez modul pruznosti hoynin
K feSeni této Ulohy jsme vypracovali obecnou metodiku,
kterou jsme aplikovali na konkrétni modelové 2Dzélo
Postupovali jsme vetrdch oddlenych krocich —
(1) tloha napjatosti, (2) transformace pole posudot
zmeny rozewveni pukliny a hydraulické vodivosti,
(3) tloha proudni.
Nejprve bylo nutné weSit Ulohu napjatosti na 2D
modelu horniny sjednou puklinou, kterou jsme
modelovali v konéné-prvkovém  systému  Ansys.
VyzkouSeli jsme pouZiti gkolika linearnich materidl
a jednoho nelinearniho.fiPzatzovani modelu trznymi
velikostmi  kolmych tlak jsme ziskali pehled
orozloZzeni nafti v hornirt s puklinou, velikosti
deformaci a také pole posunuti, které jsme vywalalSi
¢asti. Pro modely plati, Zze diky nizSimu modulu
pruznosti se puklina deformuje daleko vice nez imasn
coz odpovida skusmosti.
Rozeveni  pukliny vypdtené pomoci  skriptu
vytvoreného vramci transformace v Matlabu se pro
vSechna zatizeni vic@ mérg zmenSuje oproti jvodni
Sikce pukliny. KvySSimu z0zeni dochazi pro tlak
piedepsany z kimich stran modelu, nez pro tlak ného
adole. Nelinearni model materialu horniny vice
odpovida skutému chovani pukliny: ani pro vysSi
hodnoty pedepsaného tlaku nedosSlo k nerealnému
uzaweni pukliny, jak se stalo pro jeden z linearnich
materiat. Tato skut&nost ukazuje limity pro uZziti
linearniho materialu a vhodnost pouZitiregrEjSiho,
nelinearniho materialu pukliny.
Tieti ¢ast zahrnuje vypet Glohy proudni v programu
Flow123D s modelovymi okrajovymi podminkami,
s vyuzitim speitané hydraulické vodivosti. V ramci této
¢asti jsme vytvéli sadu Uloh s puklinou s nelinearnim



materiadlem, kde jsmefgdepsali izné pondry tlaki od

1:0 do 1:4,6 a og@mé. Pro zatizeni, kde se zvySoval tlak
ze stran, dochazi k postupnému zuzovani pukling. Pr
opa&né zatizeni s rostoucim tlakem n#ha dole dojde
pro nizsi tlaky k zdzeni pukliny fipdalSim zvySovani se
puklina ogt mirrg rozSiuje, ale stale dstava oproti
pivodnimu stavu uzd&end. Toto chovani potvrzuje
spravnost modelu, protoZe takto se chova irealna
rozpukand hornina.
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Use of electrical resistivity tomography in the research of

mountain ridge disintegration
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Abstract

Main goal of geomorphological research is not dhky
determination of relief forms but mainly the assesst
of the genesis of relief as well as its age, ifgius.
Mere observation and description of landforms maty n
be sufficient to reveal the true reason for theegenof
a form. It is therefore very important to support
pronounced theories with factual information. An
important part of the research is formed by stmectu

Ostrava. The studied area comprised the area of the
Outer Western Carpathians — the Moravskoslezské
Beskydy Mts., the Polish part of the Slezské Begkyd
Mts. and the Kysucké Beskydy Mts.

Keywords: Electrical  resistivity  tomography,
geophysical methods, mountain ridge disintegration,
Outer Western Carpathians.

1 Introduction

measurements and the application of the methods of Electrical Resistivity Tomography (ERT) has become

morphostructural analysis and geophysical methods.
One of the geophysical methods is Electrical Rie#igt
Tomography (ERT) consisting in the measurement and
determination of electrical resistivity below tharfeice.
The interpretation of the resulting inverse modelldes
us to describe the situation beneath the Earthifacel

The applicability of ERT in the mountain relief
research derives from the very character of thihote
Beside the fact that the measuring electrode neebs
located c. 10 cm below the surface, ERT can be
considered as a non-invasive and non-destructive
research method. As well as other geophysical ndstho
(geo-radar, seismic refraction) this method (ERS) i
able to provide the information on the situatiomémxth
the surface without the necessity of drilling ogglhg
which is appreciated especially in hardly accessiln
rocky areas in which direct site excavation is asfele.
The interpretation of the results is, however,
complicated and it often requires other data carifig
a given hypothesis. In order to obtain referenda das
necessary to study previously published researbbes
what is fundamental is a complex approach to the
studied subject. As for the mountain ridge
disintegration, ERT significantly facilitates the
determination of the disintegration depth and the
colluvial sediment layer thickness; the delimitatiof
slip plane, or the verification of faults, crevicasd
crevice-type cave systems, which are forms typidal
e.g. the area of the flysch Carpathians. Many @hsu
measurements were carried out lately within the
research activities of the Department of Physical
Geography and Geoecology of the University of

! petr.taborik@post.cz
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one of the most applied and user-favourable geagdlys
technique in geomorphological research.

ERT is - beside ground penetrating radar and
seismic refraction - one of the most suitable tépies
for investigation of the depth and internal struetof
various quaternary deposits, weathering mantles,
landslides and other geomorphic topics. Multiple
character of the technology using various electrode
arrays significantly reduces measurement time and i
suitable for applications even in hardly accessible
mountain areas. ERT can be used for various prablem
concerning slope deformations and accompanying
landform assemblages. (Silhan and Panek 2007, Panek
Hradecky, Silhan 2008).

This paper is dealing with possible usage of ERT in
relief of mountain ridges affected by deep-seated
disintegration and consequential processes, such as
lateral spreading, toppling etc.

2 Methodics

Electrical Resistivity Tomography (ERT) is a 2-
dimensional geophysical technique to study thelaival
subsurface of the Earth with a high resolution (8Var
1990 in Mailett et al. 2005).

A resistivity survey aims to determine the resigfiv
distribution in the subsurface by making measurdmen
along the ground surface. It is based on measuhag
electrical potential between a pair of electrodassed
by direct current injection between another pair of
electrodes. Then the apparent resistivity is measur
Data are generally presented in the form of a



pseudosection which is a representation of therappa
resistivity variations in the subsurface (Drahor abt
2006).

Two-dimensional electrical resistivity tomography
studies are generally performed by using a multi-
electrode cable. The arrangement of electrodes for
different configurations is managed by a resisfivit
meter that has an electronic switching unit and a
personal computer (Griffiths and Barker 1993 in iana
et al. 2006).

3 ERT in the research of
mountain ridge disintegration

3.1 Use of ERT in term of technical
equipment requirements

The ERT equipment consists of multi-electrode cgble
ARES system instrument combining a resistivity-mete
an electronic switching unit and a personal compute
and an electric energy source e.g. accumulatoeryatt
The length of the cable sections is variable dejmgnd
on number of multi-electrode cable.

In order to provide sufficient conductibility beterm
multi-cable and the Earth surface or subsurfaceadgt
there is a set of “electrode-nails” with each of ttable.
Those are located c. 10 — 15 cm below the Earflacair
to mediate the electric connection between eleesod
and subsurface environment.

All equipment is suitable to be transported by gkhi

terrain. We usually deal with unconsolidated cdlluns
formed by rock block and debris too. So, in thesens,
the method requires high demands on research work i
the terrain and some parts of the relief we cafgdase
as extreme.

The last but not less important aspects are: dliimat
factors, namely altitude, slope exposition and,least,
the meteorological situation during the certain day
Limited visibility or adverse weather conditionsich as
rain, snow, low temperature, strong wind or its
combination, can be very complicating for so far
unfavourable conditions for field work (accesstiili
vegetation).
Considering this, we can regard the ERT method for
research of ridge disintegration as relatively dedivag
with respect to all aspects mentioned above — from
relatively less difficult up to extreme method of
research. The ERT measurement on its own is -ita sp
of difficulties during the laying the profile along
relatively easy matter.

3.3 Use of ERT for recognition of the
subsurface structures related to
the ridge disintegration

The applicability of ERT in the mountain relief easch
derives from the very character of this method. @s
method of the subsurface survey, ERT is able twigeo
valuable information on the situation beneath the
surface without the necessity of drilling or diggin
which is appreciated especially in hardly accessin

and can be Spread among persons who carry the rOCky areas in which direct site excavation is asfele.

equipment to the locations remote from maximum
possible vehicle access. After all, there are saeight
limits which demand more people to carry the
equipment. It makes the usage of ERT method in the
difficult terrain of mountain ridges slightly linat.

3.2 Use of ERT in term of human
resources requirements

Beginning at the general level, the accessibilitythe
studied areas within the mountain ridge researdiftésn
problematic. Studied localities are usually notaled
immediately nearby communications, so relatively
considerable requirement is laid on use of manpower
Technical equipment (see above) is often necedsary
be carried on significant distance along the obwiou
physical difficulty we have to include a time aspas
well. But not always there is a possibility to pids/
sufficient number of persons running a measurement;
therefore - in terms of work organisation - we can
consider ERT method as relatively exacting.

The terrain on its own often uses to be problematic
on the sites where the ERT profile is provided.ld-ie
work is frequently complicated by very hardly
penetrable vegetation, or considerable slope of the
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The mountain ridges are often such areas withcdiffi
access, rocky etc. ERT is then one of the few nustho
suitable for the subsurface survey.

The ridge disintegration phenomenon is usually
related to the disintegration of whole massif, ofte
caused by deep-seated creep. Geological struchde a
tectonics very often predispose the specific dguaknt
in the particular parts of the massif. Shallow (or
“shallower”) slope deformation is often related tte
deeper structure, such as deep dislocation of both
horizontal and vertical course e.g. dislocation
developed on bedding planes and affected by textoni
faults causing the process of lateral spreading (in
accordance with Hradecky and Panek 2008, Dikali et a
1996, PasSek et al. 1977). Previous research iarakev
parts of the Outer Western Carpathians brings
knowledge of the genesis and further development of
the flysch massifs and points out the main trend of
overall ridge disintegration followed by other tgpef
the slope deformations. This is the main trend tvhic
forms the landscape of flysch Carpathians (Hradecky
and Panek 2000, 2008; Hradecky, Panek and Adamec
2007; Panek and Hradecky 2006; Panek, Ti&band
Hradecky 2006). Similar evidence of the deep-seated
slope deformation bring Migoet al. (2008) in the study



dealing with deep-seated landslides and prehistoric
flowslides in the volcanic terrain of the Gory Kamne
Mts in southwest of Poland. Also in this area the
method of ERT has been used for recognition and
determination of the subsurface structure.

Generally, ERT in the research of the deep-seated
ridge disintegration helps us to confirm the diskian
zones and to determine the body of moving mas$) suc
as rotational blocks, shallow landslide accumuraio
debris flow. The landforms mentioned above are liysua
obvious from mere terrain observation, so ERT can
support the preliminary hypothesis. However, much
more important benefit of the ERT sounding is the
possibility to display deeper subsurface structwkech
are often hidden to the eye of the observer. Famge,
ERT has been successfully used for detection of
subsurface cavities, specifically crevice-type cave
systems in several localities in the Outer Carpathi—
namely in the Moravskoslezské Beskydy Mts., the
Slezské Beskydy Mts., the Kysucké Beskydy Mts., etc
Caves and crevices are usually represented as pbnes
extreme high resistivity, contrary to the bedrockick
is usually displayed as the zone of higher but not
extreme resistivity (Fig. 1).

Similar high values of resistivity can figure the
wider zones of disintegration such as tension ack
(Fig. 2). However, many of disintegration zones are
related to the tectonic faults as such are displag®
zones of very low resistivity (see Fig. 3). So, the
interpretation of those zones could be complicated
requires a complex approach to the studied subject
based on previously published researches of treeiare
as many aspects as possible, especially the peviou
geomorphological a and geological studies with
emphasis on structure and tectonics.

A determination of a landslide body or a slip pléne
usually more difficult because the resulting ineers
model may not be able to show sufficient contrast i
resistivity to determine the depth of the landslmely
(Fig. 3). Nevertheless, even the information of the
character of the slope subsurface without exacthdefp
the slope deformation can be very helpful to deileem
the possible slope development. ERT sounding can be
also used for delimitation of one type of colluvial
sediments from another; such is supported by orbeof
last measurement performed in the area of the Gory
Kamienne Mts. in November 2009 (unpublished sa far)

Recognition of all subsurface structure mentioned
above is depending on chosen electrode array wkich
different in depth range, resolution and resistance
against the electric noise — especially in the 1se@face
layer where the electrodes are placed. These aspéct
measurement are reflected in the choice of the
measuring method - electrode array. For the common
sounding there are tree most used methods: the &/enn
array (in Wenner Alpha variety), the Wenner-
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Schlumberger array (often called simply
“Schlumberger”) and the Dipol-Dipol array.

The most used is the Schlumberger array for number
of reasons. First, this method brings compromise in
resolution in both vertical and horizontal levelid, in
matter of time, a compromise method at the same.tim
Unfortunately, together with the Dipole-Dipole arra
has this method lower resistance against the alectr
noise. In the term of depth range offers the method
again a compromise. That is why this method isrofte
used.

The Schlumberger array seems to be very suitable
because of good results and resolution in bothoatrt
and horizontal ways. Also depth range is usually
sufficient according to total length of the profile

The Dipole-dipole electrode array is suitable namel
for the vertical structures. This method providesyv
good results in resolution and depth range and nse a
able to see deeper structures in the profile coetpar
with Schlumberger array. However, as a disadvantage
of this method we can consider relatively low regiiy
against the electric noise. Especially the highrnea
surface resistivity can affect results of measurs)eso
on account of this disadvantage there are obvious
limitation of use of the method. On many sites wher
the ERT survey has been done to date there is high
resistivity colluvial layer formed by block fielddgbris
or very dry soil substrate, so results of the
measurements could have been affected by highar. err

On the other hand, the Dipole-Dipole electrodeyarra
has recently provided valuable information abow th
depth of disintegration despite the fact that this
electrode array can be affected with higher level o
electric noise of the subsurface environment. s t
reason, there is a question of the other measurtelnyen
another method (e.g. Schlumberger) on the very same
profile in order to get reference data.

The last method - the Wenner electrode array ikingr
with lower resolution and lower depth range se#ras

to be less suitable for deep ridge disintegrati®ut. this
method offers very good resistivity against thernea
surface noise. So in some special occasions, sitfea
measuring in the block or debris field could be,tba
contrary, this method the one which is suitableise.
Also if we need to recognize same shallow-situated
subsurface structure the Wenner array should be the
method designated for horizontal structure recagmit
However, it is better to run Schlumberger methodeb
reference data because of lower resolution of the
Wenner method (for reference see Acknowledgements).

just

4 Conclusion

Electrical resistivity tomography, as one of the
geophysical methods, is suitable for survey of
subsurface structures without necessity to affect
landscape with any destructive impact. Along with



structure measurements and the application of the cracks, crevice-type caves or slip planes is onéhef

methods of morphostructural analysis, ERT can be,
despite the certain limits (resolution, depth range
human resources requirements and climatic conditjon
considered as one of the non-invasive methods st ba
field survey.

It helps us to get a better picture of the situatio
under the Earth surface and to understand thenmter

benefits of this method. Method could be also used
determination of the location of the structuretsrdepth
or vertical and horizontal range. With ERT we can
determine and calculate approximate thickness of
colluvial sediments too.

But ERT has wide usage not only for research of
ridge disintegration and slope deformation butait ®e

structure of the mountain massif and the processes used for several kinds of survey in the field oblggy,

which formed the relief. ldentification of massif
dislocation, such as tectonic faults, crevicessitam

geomorphology and other geosciences.
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Unit Electrode Spacing = 4.80 m.

Figure 1: ERT is a suitable method for idetificatiof several kinds of subsurface structures sualieagces or crevice-
type cave systems. Inverse model displays the emfrthe cave “Diabla diura” in the Polish partleé Outer Western
Carpathians with charecteristic very high valuegesfstivity (the Schlumberger electrode array).
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Figure 2: The typical example of the ridge disimgtign with high resistivity zone formed by crackeadk. This zone
was verified by borrow pit which confirmed the sition figured above (the Orgjnik Mts., Outer Western

Carpathians; the Schlumberger electrode array).
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Figure 3: Disintegration of the lateral ridge o&tfiertiv mlyn massif in the Moravskoslezské Beskydy Mtewl
resistivity zones could be likely interpreted astaeic faults affecting a development of the ridg&RT helped to
determine the range of the rotational landslidenfedt from the block affected by toppling.
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Velka Ra€a massif (the Kysuckeé
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Abstract

The Vdkd Ra&a massif is a part of the Kysucké
Beskydy Mts. and it belongs to the Magura Unithe t
Outer Western Carpathians. Nappe-type flysch siract
of the Outer Western Carpathians represents
environment that is favourable for the occurrenée o
large slope deformations. Tectonic faults with N&-S
direction predisposed the initiation of these
deformations in the studied area. In the case ef th
Velka Ra&a Mt. we speak about a gravitational
disintegration of the mountain ridge and contiguous
slopes. Indicators of the deep-seated slope defmmnsa
comprise elongated depressions morphologicallylaimi
to sink-holes and pseudokarst caves in the ridge T
top area is characterized by a block subsidencehwhi
affects a large part of the southern and souttesast
slopes. The character of tectonic lines probably
determines also a development of the lateral ratgta
related block landslide as well as a contiguouteyabf

a tribute of the Klubinsky potok brook. The block
landslide forms a source area of probably a ddlmig
which has partially filled the valley up to the dmence
with the Klubinsky potok brook and dammed it. Direc
influence of a rotational landslide resulted in the
damming of the valley creating sedimentation area i
the valley between the slopes of the’kéeRaa Mt. and

the Mald R#&a Mt. We assume that the slope
deformation was predisposed by the crossing of the
tectonic faults which is supported by typical
morphology of the rotational landslide as well asults

of structural measurements and electrical resigtivi
tomography. The sedimentation area is likely filleith
fluvial combined with debris flow sediments. Withime
whole area of the i&a Ra&a massif we assume a
sequence of particular types of slope deformations
closely related to the tectonic faults and beddihthe
Magura Unit.

Keywords: flysch, slope deformations, tectonic faults,
electrical resistivity tomography, the Magura Urhie
Verka R&a massif, the Kysucké Beskydy Mts.
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1 Introduction

The Vdka Ra&a massif (1236 m a.s.l.) is a part of the
Kysucké Beskydy Mts. and it belongs to the Magura
Unit in the Outer Western Carpathians. Nappe-type
flysch structure of the Outer Western Carpathiahikv

is affected by several sets of tectonic faults esents
environment which that is favourable for the ocenoe

of large slope deformations affecting great deal of
slopes, often ranging from mountain ridge to valbeyl
(Margielewski, 2001 and 2006).

A typical phenomenon of flysch structure, deep-
seated slope deformations, is represented by despes
creep and block-type mass movements — e.g. lateral
spreading, sagging and toppling. These processes
influence overall slope development and often tetsul
shallow mass movement, such as shallow landslide,
flow slides or debris flow (in accordance with Hage
al. 1977, Dikau et al. 1996).

2 Methodics

Studied area were charted with advance of GPS. The
elementary relief forms were noticed preferably.
Position of the important spots was used to speaify
topology of the charted area. The mapping was done
with use of topographic map of 1: 5 000 scale (B)g.

Structural measurement method used on five
localities overall. With the bedrock outcrops as@éy—
measurement of slope and orientation of crevicek an
bedding planes — several data sets were achieved.
Obtained data processed in Stereonett softwaremres
structure-geological situation within the Rk& Ra&a
massif. Subsequent analysis of these data corgsliot
understanding of slope development and dynamics of
the V&’kd Ra&a massif — from main ridge down to the
valley of the Klubinsky potok Brook, or its tributa
trunks

Electrical Resistivity Tomography (ERT), as a
method of geophysical sounding, was used for
determining the resistivity distribution in the suipface.
The method is based on measuring of electricalrpiede
between a pair of electrodes. Measured data are
presented as pseudosections which describes apparen



resistivity variations in the subsurface (Drahor abt
2006).

3 Slope deformation of the
studied area

3.1 Ridge disintegration and its tecto-
nic predisposition

In the case of the Velk4d Ba Mt. we are dealing with
disintegration of the ridge and adjacent southerd a
south-eastern oriented slopes. On the main ridge we
found the cave system Skalné diery (1100 m a.s.l.),
developed on the bedding plane. Ridge is formed by
monoclinal layer of the Magura flysch Unit with pk

of the bedding plane of 28°. These two small caves
(Mala Skalna diera cave and Velka Skalna diera)cave
are developed on site where two tectonic faultsragct

the ridge (according to Potfaj at al. 2003). There
occurred a disintegration of the ridge along thdt$in
cross direction with the main ridge course (easttwe
direction) which is indicated by two parallel trées
with north-south direction. Inside one of the triees we
can see typical forms of lateral spreading (sinkeho
type depressions or Velka Skalnd diera cave).
Geophysical sounding by method of ERT carried out i
October 2009 verifies this hypothesis (see Fig. 3).

The course of the fault mentioned above probably
determines also a development of lateral ridge and
contiguous valley of a tributary stream of the Khgky
potok Brook. Relatively massive block slide develdp
in upper parts of lateral ridge which are contigudol
the head of the valley in the distance of 450m from
Skalné diery cave system in direction of 220°. dt i
likely that development of the landslide and whole
contiguous valley is related to the course of theltf
Confirmation of this hypothesis requires more
information, so it will be one of the subsequerpstof
the research of slope deformations of the Velk&aRa
Mt.

The block landslide mentioned above subsequently
forms the source area for a flow slide - but mdeely a
debris flow which partly filled valley as far aseth
junction with Klubinsky potok Brook and probably
caused damming of whole Klubinska dolina valleyeTh
area of damming is quite considerably transformed b
man nowadays. However, there is still possibleefine
the damming area clearly. A special situation oemlr
here — deflection of one of the tributary streamnfr
original direction. Confluence of the tributary etm
and Klubinsky potok stream is located c. 250 m from
the assumed original mouth (see Fig. 2).

Within the context of information provided abovee w
suppose a certain sequence of particular typesopés
deformations - the initial forms represented byd¢iees
and cave systems, as a result of the deep-seateg cr
and consequential gravitational disintegration idfye
and contiguous slopes, in the upper parts of thesiha
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Further, in middle parts of slope, as a result of
disruption of slope stability together with erosive
activity of water course, lateral ridge disintegratin

the form of block slide followed by debris flow, ha
developed. Source area of the debris flow is either
identical with the block slide or the debris flovash
developed from the block slide accumulation. In dow
parts of slope at the foothill the valley bottors Heeen
dammed and filled with debris flow sediments. In
regard of fact that dammed lake didn’t develop, we
assume either partial damming or total damming but
with very fast subsequent insection of the stream.

3.2 Area of landslide-dammed valley

Different situation is in the valley of anotherbttary
streams where total damming with creation of
accumulation area has occurred. The valley between
slopes of the Velkd Ra Mt. and Mala R&a Mt. (1 153

m a.s.l.). The damming was caused by block slitke; i
scarp is situated 150 m from the damming. In the
orientation of the crevices prevail NNW-SSE and W-E
directions, as support the results of structural
measurements (see Fig. 2).

It is likely that we speak about slope deformation
which was developed on escarpment in combination
with tectonic fault effect. It is supported by tgpl
morphology of rotational slide and the results &TE
measurements (see Fig. 1). Developed accumulation
area of the dammed lake is probably filled partighw
fluvial sediments which are overlaid or combinedhwi
sediments of debris flows which came from uppetsar
of river basin. For closer recognition of the cleéea of
sedimentation will be necessary to take a borrdwipa
borehole with taking of samples which will be
consequently lied under the sedimentological aiglys
grain size analysis, fabric analysis or clast degon
analysis.

Interim hypothesis says that in consequence ofslop
stability disruption - together with effect of wate
erosion and fault patterns - rotational slide hasuored.
Block accumulation of the slide reached the valley
bottom which was filled up and the sedimentatiosifa
(lake probably) was formed in the space behind the
damming. The formed lake was more likely affectgd b
sedimentation of smaller debris flows. Through the
combination of retrogressive erosion and deep @nosi
the consequential insection of the stream through
landslide body occurred. The stream has currently
character of narrow gully with typical V — shapepatnt
of the insection. The accumulation area has cheragt
a flat basin and together with surrounding slopesates
non-typical wide valley of U-shape and it is filledth
debris flow accumulation dissected by several small
stream channels nearby the inflow.



3.3 Landslides of southern and south-
western slopes

A series of the block subsidence is situated indiea

of southern and south-western slopes. Beginnirttief
area is located just below the top of tha’kéeRa&a Mt.

and is formed by two scarps with significant
amphitheatrical character which course is moreess |
concordant with course of the ridge which turnarfro
the original direction W-E to the south. Beneatle th
scarps, there are series of block subsidence ddirter
with developed depression forms. Further downhill,
there are no morphological forms typical for slope
deformation and we consider this part of slope as a
transport zone which is followed by an accumulation
zone below. The accumulation zone is formed namely
with flow-slide accumulations which are overthraste
on considerably flatter parts of slope likely
gravitationally subsided block which creates sigaifit

flat ridge. The face of whole landslide area isnthe
situated directly in the valley of the Klubinsky tpk
Brook (see Fig. 2).

At point of toppling of gravitationally subsided
block formed a significant elongated depressionctvhi
was partly filled by sediments and a flat bottomswa
created. Sediments are — at least in the upper-part
formed by a soil and a humolite. A detailed
sedimentological analysis will be taken on thisaldg
during the next steps of the research. Also, ircese of
getting of proper samples, some of the methodsglati
suitable for dating of relief forms in order to eehine
a minimal age of the slope deformation.

The area of southern and south-western slopes which
are significantly affected by spreading and slopgssn
movements is directly neighbouring upon the other
landslide area. The area is formed by southerrestdp

the Vdka Raa Mt. and contiguous south-eastern slope
of lateral ridge. The ridge is likely affected bctonic
fault (see above) resulting in lateral disintegnatiith a
typical block subsidence. Very interesting but
genetically not too obvious form is high mound
comprising rock block and debris which we interpret
until later as a flow slide with scarp located lire tarea
where one slope (lateral ridge slope) is merging th
other (main ridge slope). The merging creates terta
amphitheatre with significant subsided block in epp
part in addition. This site requires more detagedvey;
more information could be brought by soil pit or
borehole and analysis of sediments. Valuable
information could be obtained from ERT survey which
could clarify question of internal structure anchgsis.

4 Conclusion

The VelkhA Ra&a massif is affected by ridge
disintegration. Contiguous slopes are probablyecaéd

by deep-seated slope deformations too. Out of lipes
processes, especially deep-seated creep followed by
lateral spreading, toppling blocks and sliding accu
here. A process of flowing is primarily connectedhw
debris flows. According to the preliminary data,
tectonics plays a significant role — namely in fooi
fault patterns which determinate a slope developmen
very often (Panek, Tabix and Hradecky, 2007) —
especially scarps or slip planes, cave systems and
probably fluvial system too. Studied area will requ
more detailed research based on detailed fieldesurv
with use of electrical resistivity tomography soimg
especially. Very valuable information related tce th
genesis of some landform could be brought by
sedimentation analysis of the boreholes or soit pit
cores.

Model resistivity with topography
Iteration 5 RMS error = 9.8

Elevation i ) \‘
landslide block accumulation

20.0-
10-91 5. 00000
0.0 &
-10.6
-20.6
-30.0
-140.8

-50.0

600" sy pm - O
6.08  13.1  28.2  60.9 13 28
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Horizontal scale is 19.03 pixels per unit spacing
Vertical exaggeration in model section display = 6.71
First electrode is located at 6.0 m.

Last electrode is located at 315.0 m.

Raca-jezPodSchl, Profile #1

sedimentation basin

? tectonic fault ?

Unit Electrode Spacing = 5.00 m.

Figure 1. Rotational block landslide caused damnahthe

tributary valley of the Klubinsky potok Brk. Formed

sedimentation basin - a small lake - has been gibdfilled with several sediments in the past. \Fl/lacustrine
sediments have been probably combined with delmg $edimentation. Recognition of the particuladisgentation
phases requires further analysis of sediments basédreholes or borrow-pits.
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VELKA RACA Mt.
SLOPE DEFORMATIONS

I
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/

Velka Raca Mt.

s i{/ 1236 ma.s.l.

CARPS WITH BLOCK
ACCUMULATIONS OF
BEDROC -

— N \
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= i / / /

Figure 2. Geomorphologic map of the Velk&Ranassif. Legend: 1- terrain step of the landdlildek, 2- depression,
3- cave, 4- trench, 5- landslide area, 6- flowslkdedebris flow, 7- alluvial fan, 8- spring area, arp, 10- tectonic
fault, 11- sedimentation area of landslide damnaéeé,| 12- gully, 13- stream channel, 14- gap; texgoam a) slope of
the bedding plane of the Velka &aMt., b) crevices direction of the Velka &aMt., ¢) slope of the bedding plane of
the Mala Raa Mt. in part of the landslide dammed lake, d) mew direction of the Mala Ra Mt. in part of the

landslide dammed lake.

52



HModel resistivity with topography
. Iteration 5 RMS error = 23.0
Elevation

40.0

lateral spreading <~

e

30.04
20.6

10.04
0.0
-10.0
-20.0
-30.0
-40.0
-50.0-

? possible cave ?

N N N T [ . ) N O [ . .
12.9 25.8 51.6 103 206 43| 826 1651

Resistivity in ohm.m .
Horizontal scale is 19.83 pixels per unit spacing 5
Uertical exaggeration in model section display = u.tsa‘ \
First electrode is located at 6.8 n.

Last electrode is located at 315.0 m.

Raca-skal.diery1Dip, Profile #1

-9 “Velka skalna diera” cave

Tectonic fault confirmed by previous geological survey

“Mala skalna diera” cave

? Slip plane of ridge disintegration formed
by plastic rock - mainly claystones?

Unit Electrode Spacing = 5.00 m.

Figure 3. The VEka Ra&a massif is affected by ridge disintegration caupszbably by combination of effect of
tectonic faults which intersect the ridge and inérflysch structure with variation of sandstonesl alaystones.

Subhorizontal position of bedding planes and digjration of rock massif (indicated as many creyiadetermine

subsequent development of ridge and contiguouseslofss typical indications of process of laterakesyling, we can
find trenches, sinkholes and crevice-type caveesyst ERT sounding confirms some of those subsusiauaetures.
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Measurement of fracture toughness of rocks using

deformation characteristics
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Abstract

The paper describes another phase of establishimg t
methodology of the rocks fracture toughness in the
laboratory conditions in the Institute of Geonidhe
involvement of an extensometer in the measurement
allows us to obtain not only the power but also the
deformation characteristics of the damage process.

Keywords. fracture toughness, rock, extensometer,
damage process

1 Introduction

The development of the methodology for the fracture
toughness of rock, which is the subject of the ritu
thesis is now in another phase of the researcé firs$t
phase of the research was aimed to the study of the
fracture mechanics theory. In the second phase
followed the preparation of the test specimens.
Consequently, the third part of the measuremesifits
proceeded, using the method 1, the test level telLkE
testing requires only the recording of maximum load
present by virtue of the extensometer use in the
measurement, it is possible to measure the test lev
Level Il testing requires continuous load and
displacements to be made during the test.

2 Fracture toughness of rocks

Fracture toughness,Kis defined as the critical value of
stress intensity factor at the time of initiatiohunistable
stationary crack spread. During the process of
measurement it is presupposed the existence op shar
crack of very precise parameters. In the casehef t
fracture toughness of rocks measurement, it was
selected so — called chevron notch (V-shared). Thes
chosen geometry enables the crack driving forcbeto
lower than the resistance of materials to crack
propagation. Concurrently it comes to the load powe
increase. At some point, which is to achieve maximu
force R it is different and the crack propagation
becomes unstable.

3 Sample preparation

The first rock which was used to prepare the test
specimens was marble from Horni Lipova quarry.
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Gradually, other specimens are being prepared for
further testing with the extensometer (sandstone,
granite). In Figure 1, there are shown the parammeit

the prepared specimens. Concurrently on all thepkesm
there are conducted the standard physical — mezddani
tests, including petrography analysis (density,csje
gravity, water absorption, uni-axial compressive
strength, grain size, mineral composition, textyrere

volume a and configuration).

t e //
T @

N

L S

D

D — diameter of chevron bend specimen

L — specimen length (4D)

t — notch width

F — load on specimen

S — distance between support points (3,33D)
A — projected ligament area

Figure 1: The chevron bend specimen of Method b wit
recommended bend test figure

4 Testing machine and load
fixtures

In the first phase of the fracture toughness measent
research only the values of stress were recordexin F
these, the first real fracture toughness valuesewer
calculated. Consequently, it was attempted tortgsif

the level Il. The used extensometer is a type ipf @h
cage COD 632.02F. The extensometer is fixed at the
mouth of the chevron notch. The special metal edges
were prepared, the extensometer was attached $e the
aslant of 60. The knife edges are needed to bridge over
the mouth of the notch and to be in the centreoigef
each measurement the edges must be glued cartfully
the test specimen, and this is the reason whyahplke
preparation is very time consuming. Although we did
not suppose this, also the connection of the



extensometer with software power press (FPZ 108) wa
very demanding.

g

Figure 2: Testing machine with the extensometer

Figure 3: The clip on cage (close-up), type of
extensometer

5 Experiment

The tests are carried out at the room temperaturthe
power press FPZ 100 at a constant speed of movement
member 0,05 mm.min-1. The sample is handled by a
three-point bending test, the recorder curves gi/¢he
record of the power in the form of a chart. Duethe
extensometer use the crack face opening (COD k crac
opening displacement) can be measured. An exanfiple o
the results of the test marble sample measurensent i
shown in Figures 4 and 5. Figure 4 shows the
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relationship between the COD and active power. fieigu
5 shows the COD, depending on the time from the
beginning of the test. It is clear that the maximum
reached force is 1850 kN. The opening of the
indentation COD value is 0,025 mm. The parameters i
the graph in Figure 4 will be used in calculatidrttee
fracture toughness value, while in dependence en th
methodological process the stress-strain curve bmy
used.

1500

Kandl sily { pewmosti [N]

N S | S —
0040 0.080 0.080

0.020 0100

Kanél pritatiomér [mm]

Figure 4: Force vs. clip cage opening

0.100

0.080

Yl pritahomérfm]

Figure 5: Clip cage opening vs. time
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(b) Figure 6: Various types of the power plots
(a,c — sandstone, b,d — marble)

Considering the fracture toughness measurement
according to the ISRM methodology, another impdrtan
parameter is the size of the test sample defleciida
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assume that this parameter can be derived with References

sufficient accuracy from the motion of the presst-te

member provided its own resilient deformation of th

system, which will

be found out by calibration.

Examples of the dependence between the applieé forc

and the movement of the member (in this case it is

proportional to the deflection of the sample) are i

Figures from 6a to 6d. At first sight it is evidahat the
deformational diagrams in Figures 6a and 6c diffem
those in Figures 6b and 6d. This difference is edusy

a fact that the results in the first two diagrame a
derived from measurements on the sandstone, wiele t
other results were obtained from the measuremants o

the marble.

6 Conclusions

As shown by the new experience of application @f th
proposed methodology for fracture toughness of sock

measuring during the loading there may occur differ

ways of the brittle crack initiation at the top thie V-

shared notch. This is obvious on various types of

records of the force and movement of the member. [5]
These types differ mainly at the moment of thetlerit
crack initiation at the top of the chevron notcimda

consequently by the behaviour of this brittle crath

achieve the desired result (i.e. properly determine

fracture toughness), we must have some knowledge of
the geometry of the sample and experience gained by
we will

evaluation of the records. In addition,
investigate to the possibility of deriving the @eflion

of the test sample based on the movement of th&spre
cross-member, corrected by its own (flexible) load-

deflection system.

So far we have obtained the records of power fitoen t

classical geomechanics and we were able to interpre
them. In the case of the samples with the crack

initiation, it is necessary to study the behaviofithe
material during the loading. The question is, why get

different types of recording curves and what fextor

affect the measurement? These factors may be:
e grain material

» loading rate

» hidden discontinuity in the material

» type of matrix (in the sandstone)

These and other question should be answered during

the processing of the measured data. All filesaties

obtained during the measurements will be statibfica

processed.

Acknowledgements

This contribution was supported by the researclepto

of the Institute of Geonics: AVOZ 30860518th.

57

International Society for Rock Mechanics
Commission on Testing MethodsSuggested
Methods for Determining The Fracture toughness
of Rock.Int. J. Rock Mech. Min, Sci. & Geomech.
Abstr. Vol. 25, No. 2, pp. 71 — 96, 1988

B. N. Whitaker, R. N. Singh, G. SurRock
Fracture MechanicsElsevier Science Publisher B.
V., Amsterdam, 569,1992

K. Grohova — KrutilovaOpracovatelnost hornin —
vztah mezi petrografickymi parametry, fyzikalnimi
vlastnostmi a  technologickymi  zkouSkami.
Diplomovéa préace.Piirodowdecka fakulta, Ustav
geochemie, mineralogie a nerostnych zilroj
Univerzita Karlova, Praha. 47. 2007 (in Czech)

M. Stibor. Lomové parametry kvazihkych
materiali a jejich urovani. Doktorska disertai
prace, Stavebni fakulta, Vysok&eni technické,
Brno, 234, 2004 (in Czech)

T. Backers, N. Fardin, G. Dresen, O. Stephansson.
Effect of Loading Rate on Mode | Fracture
Toughness, Roughness and Micromechanics of
Sandstone.Int. J. Rock Mech. Min, Sci. &
Geomech. Abstr. Vol. 40, No. 2, pp. 425 — 433,
2003

T. L. Anderson. Fracture Mechanics,
Fundamentals and Application€RC Press, Inc.,
2000

I. Dlouhy, M. Holzmann, J. Man, L. Valkarhe
Use of Chevron Notched Specimens for Fracture
Toughness Determination of Bearing Steels.
Kovové materidly, Vol. 32, No. 1, pp. 3—13, 1994



58



SECTION BRNO

 Landscape

» Geoecology

» Physical geography
* Human geography
 Cartography

* Remote Sensing

o Geoinformatics

59



60



Fenomén Energy landscapes na p

Stanislav CetkovsKy

fikladu okoli Rozné

'Stiedisko environmentalni geografie, Ustav geoniky(®R/Ostrava, pohtka Brno

Abstract

Energy landscape is a term used in connection with
molecular biology and biophysics, but also in
landscape ecology in recent years. Typical exaraple
Energy landscape is a landscape in Rozna vicinity
whose character was totally changed within theexdant

of uranium ore mining and processing. It is
anthropogenic disturbance, which connects withggner
industries. In recent years, the term of Energy
landscape is connected with renewable energy ssurce
development. Case study area of Rozna enables
adumbration and modeling of impact on various
branches of energy industries (mining and procgssin
of uranium ore, wind turbines, photovoltaics) on
landscape character.

Keywords: energy landscapes, wind energy, solar
energy, disturbed landscape, mining landscaperdutu
land use scenario

1 Uvod

.Energy landscape“ je termin, ktery sezhg
pouziva v molekularni biologii a biofyzice, avSak v
poslednich letech se ustalil i v terminologii knaé
ekologie, resp. v souvislosti s krajinnym razem.
.Energy landscape” Ize definovat jako krajinu, Zeji
obraz byl vyrazé zmeénén energetickym pimyslem.
Nejcastji se tento termin uziva v souvislosti
s rozvojem ¥trné energetiky (ndp Moller 2009),
nicmére lze jej uzit i vsouvislosti s jinym
energetickym oditvim, které ma ploSny vizualni
projev (Zerta et al., 2008). Typickymiikladem
.energy landscape*” takime byt i krajina okoli Rozné,
jejiz image byla totakh zmsnéna v disledku ¥€zby a
Upravy uranové rudy. Jde o antropogenni disturhanci
kterd ma pimou souvislost s energetikou. Po ukeni
téZby Ize €zebni krajinu dale ¢ast&ne vyuzit
k energetickym €elim. Znamé jsou ifklady osazeni
biomasou (nap Bungart, Huttl, 2001%i k instalaci
fotovoltaickych pandl. PostindustialniéZzebni krajina
je vhodna i pro vystavbuétrnych elektraren, jejichz
vizualni vliv je v tomto typu krajin ménkonfliktni a
mize pfedstavovat pozitivni krajinny znak.

Pretv&eni krajiny v disledku ziskavani energie
provaziclovéka od paéatku vzniku civilizace. Z&alo

! cetkovsky@geonika.cz
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to rozsahlym odlemvanim, které kulminovalo v
Ceskych zemich v 18. stoleti. Krénbiomasy se
¢lovek dale nadil vyuzivat energii vody adtru. Vodni
kolo jiz od stedowku piedstavovalo tlezity zdroj
mechanické energie vyuzivané ve starych provozech
jako mlyny, pily, pozdji manufaktury. Také vyuzivani
vodni energie s sebouipdsi utité vlivy na krajinu,
jako nap. zmeEna odtokovych po#ra, vystavba
nahorii, jezl, prehrad. K vodni energii pozjl
pristupuje ¥trnd energie, kterd se vyuzivala ve
vétrnych mlynech.

Revoluci ve ziskavani energieigobil objev uhli.
Prvni pokusy sé&zbou a vyuzitim uhli se provélg v
Anglii béhem 17. stoleti. Poté nastava prudky rozvoj
téZby a spalovani uhli, ktery umoznil vznikipryslové
revoluce. Na felomu 19. a 20. stoleti se ¢haa
vyznamié vyuzivat dalSi fosilni palivo, a tim je ropa,
resp. zemni plyn. Vdruhé polo¥in pfistupuje
k fosilnim zdrojm jadernd energie, tedy energie
ziskavana jadernymé&tenim uranu, ijpadreé plutonia.
uhli, ropa, zemni plyn a jaderna energie se sowhrnn
ozn&uji jako tzv. konvedni, resp. klasické zdroje
energie. Vyuzivani konveénich zdrofi umoziuje
obrovské zisky energie, avSak zarmvginasi velmi
silné a nevratné zény v krajing.

V dnesSni dob je Zejmé, Ze jeitba hledat nové
zdroje energie. Energetika 20. stoleti postavena na
klasickém spalovani uhli je dnes jiz neudrzitelna.
Zejména zdvodi klimatické a energetické
bezpe&nosti se tak éra levnych fosilnich paliv se chyli
ke konci. Nastupuji nové acitingjSi technologie
vyuzivani energie z konvenich zdrojfi, a také nastava
renesance obnovitelnych zdiojenergie - zejména
solarni a ¥trné.

Rozvoj novych technologii ve vyuziti solarni a
vétrné energie s sebouipasi novy fenomén, a to i
v téch ¢astech krajin, které jsou dosud energetickym
primyslem nepoznamenané.

Krajina zdjmového Gzemi — okoli Rozné na
Ceskomoravské vrchown — disponuje, krom
(dochazejicich) zasob  uranové rudy, ®®n

potencialem pro vyuZiti solarni &wé energie. Tento
piisptvek se pokusi velmi sténé nastinit mozny
budouci scérid - vyuziti této postézebni krajiny

k energetickym &lim — konkrétg pro (Eely solarni a

vétrné energie.



2 Neékolik zakladnich
vychodisek k hodnoceni
krajinného razu

Krajinny raz je pojem hogapouzivany ve spojitosti
s ochranou krajiny, jejiho obrazu, estetickych a
piirodnich hodnot. Ma krajinny raz skateu,
objektivni krasu, kterd fize byt gjak nefitelna ¢i
porovnatelna nebo jde o hodnotu, kterou Ize pouze
subjektivié popsat? To je fundamentalni otazka, v
odborné literatte vSak najdeme zda rozdilné
nazory a pistupy. Dearden (1985) rozliSuje fyzicko-
geograficky (resp. krajirtn ekologicky) a humann
geograficky (resp. sociologicky) figtup. Fyzicko-
geograficky pistup navrhuje a nasledéinpracuje s
meétitelnymi parametry krajiny — ty reflektuji vizualni
kvalitu.  Human®  geograficky pak zkouma
individualni a spoléenské postoje strem ke krajig a
krajinnému razu.
Arthur ~ (1977) shrnuje  metody
krajinného razu do dvou zékladnich skupin:
» Metody popisné Description inventories Jde o
metody nejasgji pouzivané experty ipstupujici
ke krajinnému razu jako k objektivni realit

» Metody vizualnich preferencP(blic preference
model3. Jako psychologické, fenomenologické a
sociologické vychéazeji n&gstji z dotaznikovych
Seteni,fizenych rozhovar atd.

Swanwick (2002) definuje posuzovani krajinného
razu jako proces, ktery dokaze identifikovaftgmné
piirodni a kulturni znaky na zvolené lokajit
monitoruje zngny prostedi, sleduje citlivost mista k
vyvojovym znénam a stanovuje podminky pro rozvoj
¢ zmeénu. Vlastni proces posuzovani zahrnuje
charakterizaci krajiny, a pak naslédworbu posudku.

Lze vSak objektivd popsat miru ovlivéni
estetickych hodnot krajiny? To ¢asto kladena otazka.
Estetické hodnoceni se totiZni jednak véase, a pak
jeho prongnlivost vychazi z toho, Ze pro lidi 4zaznym
vkusem ma tentyZ objekfiznou estetickou hodnotu.
Michal (2000) vSak tvrdi, Ze podstata této
promenlivosti je poznatelna a umidje najit
objektivni estetické hodnoty krajiny. Low, Michal
(2003) v této souvislosti uvédf, ze esteticka hodnota
krajiny podléha poznatelnym zakonitostem; énan
vkusu, estetickych zalib, estetické hodnoty neni
nahodila a m& své raciondlni — koneckonc
mimoestetické — ifi¢iny, takZze je dostupnda racionalni
argumentaci.

Estetickd hodnota krajinného razu tedyize mit
objektivni, racionaléd podlozena kritéria. ifstup k
vlastnimu procesu hodnoceni a nasledna interprgtace
vSak vzdy do jisté miry subjektivni. Jgelba si
uvédomit, ze kazdé hodnoceni estetickych hodnot
krajiny je antropocentrické a dobbvpodmirgné.
Vznikd tak dobo¥ podmirgna estetickh norma
(Michal, 2000). DalSim faktorem je to, Ze vnimani

hodnoceni
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estetiky antropogennich privk v krajiné je také
podmiréno jejich moznym finosem. Mize se to zdat
nepati¢né, ale hodnoceni dopadiiznych staveb na
krajinny raz od hodnoceni jejichtekavaného jinosu
spole&nost nelze oddit. Na zawry hodnoceni ma tak
nezanedbatelny vliv to, zda je autofegp&dien o
piinosu dané stavhy nikoliv.

Na otézku, zda lIze  objekti¥n popsat miru
ovlivnéni estetickych hodnot krajiny Ize odpokt, ze
casténé ano, avsSak jak to vystihl Michal (2000) —
Zzadné zieSeni snazicich se o nalezeni objektivnich
estetickych hodnot neni bezvadné.

Dulezitou roli hraji gi hodnoceni krajinného razu
nastroje geografickych informsaich systér (GIS),
protoZze umoiuji efektivré zpracovavat geodata, resp.
prostorové prornné utujici typické znaky krajinného
razu. DalSi vyhodou GIS je to, ze umaf aplikaci
hodnoticiho ramce na rozsahlejSi Uzemi (Bishop,
Hulse, 1994). Je tedygmé, Ze bezsthto nastraj se
plnohodnotné hodnocenigzko obejde. Na druhou
stranu je vSak k aplikaci GlSiptupovat opatréy a to
ze ti divodi: 1) u datového vstupu ve foém
geografickych dat dochazi nevyhnutelk abstrakci
redlného sita, coz obeahnastoluje otazkyigsnosti a
pravdivosti; 2) prostorové pramné &inku na krajinu
nemohou v Zadném fipack byt povazovany za
objektivni; a 3) modelové vysledky by nély tvofit
piedem stanovenou zakladnu pro rozhodovani, ale
pouze zékladnu k ¥ejné rozpray (Mdller, 2007).

Nastroje GIS jsou nezbytnégulevsim pro tyto dil
¢asti hodnoceni (Cetkovsky, Novakové, 2008):

» Tvorba 3D modelu terénu s undistm objekf

negative  ovliviujici  krajinny raz, linie
viditelnosti (ine of sight¥
» Tvorba mapy viditelnosti znazwjici mista

odkud budou objekty negatign ovlivaujici
krajinny raz vidt

» Tvorba gesnych fotomontazi

» Multikriterialni analyza

3 TézZba a uprava uranové rudy

Té&Zba nerostnych surovin patk ttm obofim
lidské ¢innosti, které vyznamnovliviji krajinny raz.
V piipack t&€zby uranové rudy se vizu&@nuplatiuji
zejména d&Zebni ¥ze, etnd objekti doprovodné
infrastruktury, odvaly, odkali§ta jejich hrazovastesa.

Vlivem t&Zby a Upravy uranové rudy doSlo
k industrializaci gvodns harmonické kulturni krajiny
na rozhrani KZanovské a Hornosvratecké vrchoviny.
Vizualré se dnes nejvyrazji uplatiuji téZebni ¥ze
v arealu jamy R1, R2+R3¢etns priléhajicich odval,
dale hrazova étesa odkalis K1 a K2 a objekt
chemické Upravny.

Po ukorteni £Zzby se pedpoklada odstrani
téZnich ¥zi wetns objekti doprovodné infrastruktury.
Material z odval budecasté&ne vyuZzit na zasyp jam a



komini, zbytek bude ulozen do odkaliSZkuSenosti
z jinych oblasti, kde doSlo k ukdeni €zby, vSak
ukazuji, zecast objeki zistala zachovana a slouzi
k jinym elim.

Budouci vyuziti zajmového Gzemi k energetickym
Géelim (wtrnd, solarni energie) se jevi jako velmi
G¢elné. Krajinny raz je jiz naruSen, navic je zde
vybudovana ufitd potebna infrastruktura — nap
pristupové komunikace, dosté&te& dimenzovana
elektricka penosova soustava@etns rozvodny.

Vétrna i solarni energetika prochazi v posledni
dobé boulivym vyvojem. Technologie se neustéle
zlepSuje a umaiuje tak neustale vysSi instalované
vykony a efektivijSi energetické zisky.

4 Veétrna energie

Vétrna energetika je v sdasné dob celosetove
nejrychleji rostoucim energetickym afivim. Boom
rozvoje \trné energetiky je tedy celagevym
trendem a projevuje se i Ueské republice. Lokalit,
vhodnych pro wvyuziti energie étru, které spiuji
nejrizngjsi limitujici faktory, je v Ceské republice
relativie malo. | pgesto se zde fjpravuji desitky
zamera vétrnych elektrarerti vétrnych parki, a to s
sebou pinasi utity tlak na krajinu. Sklerka (2006)
dokonce hovfi o tom, Ze ¥trné elektrarny
spolurozhoduji o principialni zén¢ krajiny. V
posledni dob se vSak jevi obavy z Zivelnéhdstu
vétrnych elektraren véeské krajig za pehnané.
Ukazuje se, zetada pipravovanych projekt je
nadsazenych a narazi na felpnatelné fekazky, jako
jsou limity pripojeni do distribani elektrické si,
nesouhlas statni spravy a samospravy na lokalni a
regionalni Urovni a v neposledidd také gibyvaji
potize s financovanim projekty doks financni krize.
Tempo rozvoje #trné energetiky je Ceské republice
pomalejSi nez secekavalo, ale i tak je jednim ze
souwasnych fenoménzmen krajinného razu.

Kazdé energetické odiwi, vétrnou energetiku
nevyjimaje, zatZuje jistou ngrou zivotni prosedi. U
vétrnych elektraren p#t ovlivnéni krajinného razu
mezi nejvyznamijsi vlivy. Jde totiz o stavby ziaych
vertikalnich rozniri - sokasna technologieétrnych
turbin je postavena na stozarech o vySce 100-1@5 m
praméru  rotoru 90-100 m. Celkova vySka
nejmodergjSich strofi tak dosahuje n&psgji 150 m.
Vizualni pisobeni v krajig je dale posileno tim, Ze se
kvali maximalnimu vyuziti ¥trného  potencialu
lokalizuji na vyvySeninygili na pohledo¥ exponovana
mista.Ceska krajina je krajinou drobnéhasittka - Ize
tudiz konstatovat, Zze k ovli¢ni jejich n&fitek dojde
prakticky ve vSechifjpadech. Samostatstojici w¥trna
elektrarna nebo malda kompaktni skupina@zm byt
povaZzovana za novou krajinnou dominantutsV ¢i
menSi skupiny &rnych elektraren rozptylenych po
krajiné jiz nelze chapat jako jednotlivé dominanty,
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nybrz jako zcela novou plo8ni prostoro¥ se
projevujici charakteristiku (Vorel, 2009) shtefi autdi
(nap. Simon, 2006) uzivaji v této souvislosti termin
vizudlni zngisténi (visual pollution. Simon timto
terminem oznéuje jev, kdy umisinim wtrnych park
velkych nefitek dochazi ke kompletni zZme image
krajiny. Typickym gFikladem takové krajiny je krajina
severg od Vidre v Dolnim Rakousku.
Ovlivnéni krajinného razu vSak jéSheznamend, ze
jde a priori 0 negativni jev. Nap Vorel (2009)
vyslovuje nazor, Zze &rné elektrarny mohou
predstavovat v W@itém typu krajiny pozitivni
estetickou hodnotu jako vyrobek HI-TECH.&tvtha
elektrarna moderniho typuterstavuje nepochykn
novy krajinny znak. Léw et al. (2007) vSak konsfatu
Ze je firozené, aby se tento znak stal typickym pro
vhodné ¢asti naSich krajin, podobnjako tomu bylo
diive u historickych #rnych mlymi & jinych
podobnych staveb vnesenyeiovékem do irody.
Vétrna elektrarna se tak ithe stat typickym znakem
téch c¢asti krajin, které nejsou pro svou hodnotu
chrareény jako zéklad narodniho kulturrhistorického
deédictvi (chragného Néarodnimi parky, chré&mymi
krajinnymi oblastmi, firodnimi parky a krajinnymi
pamatkovymi zonami).
Kazdy projekt ¥trnych elektraren musi sfvat
tato zakladni kritéria:
> Dostatény wtrny potenciél, jako minimalni se
uvadi piimérné rani rychlost ¥tru 6 m/s v ose
rotoru

» Dostaténa
distribwni siti

» Dostaténa vzdalenost od obytné zony, tak, aby
byly splrény hygienické limity hluku.

» Limity vyplivajici z ochrany firody a krajiny

» Nesmi naruSovat zajmy armady, letectvi,
mobilnich operétdr

Aplikujeme-li tato kritéria do krajiny zajmového
Gzemi, je Fejmé, ze maximalni kapacita je 1-2tmé
elektrarny o jmenovitém vykonu 2 — 2,5 MW.

Z hlediska vlivu na krajinny raz Ize oafia za
nejproblematitéjSi vliv v rdmci dalkovych pohled
Oblast silné viditelnosti do 3 km, je totiz v s@asné
dobs jiz znané ovlivnéna €zbou a Upravou uranu.
Vétrné elektrarny se vSak uplhaii, vzhledem ke svym
vertikalnim rozmdram, i na ¥tsi vzdalenosti (zejména
5-10 km).

kapacita v lokalni elektrické

5 Solarni energie

Solarni  energie je venergii elektrickou
piemgnovana pomoci tzv. fotovoltaickych pafelTy
obsahuji  polovodiové prvky, které pomoci

fotoelektrického jevu i swtelnou energii v energii
elektrickou. Panel byva sloZzen z 33 az 3énkikovych
solarnichelanki.



Kazdy projekt fotovoltaické elektrarny musi
sphiovat tato zakladni kritéria:
» Orientace na jih (fjpadr JIV, JJZ)
» Dostaténa kapacita v lokalni

distribwni siti
» Limity vyplivajici z poteby zastagni rozsahlych
ploch

Na rozdil od wtrnych elektraren se solarni
(fotovoltaické) panely vizuain uplativji v mérg
rozsahlém Uzemi. Proto bude jejich vizualni impakt
zcela ukité mensSi nez vippad jak wtrnych
elektraren, tak vifijpad stavajicich  objekt
souvisejicich s¢#bou a Upravou uranové rudy.

Oproti wtrnym elektrarndm jsou vSak jejich
nevyhodou zhruba 5,5 nasaébwyssi finagni naklady
na jednotku vyrobené energie, a také podstattsSi
prostorova narnost. Abychom doséhli
v instalovaném vykonu ekvivalentu jednéétrmé
elektrarny, museli bychom solarnimi panely pokryt
plochu o rozloze cca 2,5 - 3 haieBto je piprava a
realizace solarnich elektraren mnohem snazSi, nez
v piipad vétrnych elektraren. Toho jiz dnes vyuziva
provozovatel uranovych dibla chemické Gpravny a
stavi fotovoltaickou elektrarnu v prostoru odkaligtL.

elektrické

6 Zaveér

Energy landscapes jsou krajiny v jejichz vizualnim
projevu se vyrazh projevuje energetika. Raz
zajmového Uzemi byl zénén v disledku ¥zby a
Upravy uranové rudy. P navrhu scénd jejiho
budouciho vyuZiti se nabizi moznost pro dalSi
energetické vyuZziti. Potencidl maji vtomto ohledu
zejména obnovitelné zdroje — slunce a vitr. Vezmem
li v ivahu nejtizngjSi limitujici faktory, Ize uvazovat o
vystavig jedné ¥trné elektrarny nedaleko aredélu jamy
R1 a solarni elektrarny, resp. fotovoltaickych pama
jizni straré hrazového dlesa odkalist K1. Teoreticky
by tak Slo dosahnout instalovaného vykonu az 3 MW.
Vyroba takového zdroje by pokryla spetbu az 6000
obyvatel.
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Abstract

Already a relatively long time we have been meeting
with studies of relationships (dependences) between
plant and animal communities, respectively betwaen
animal component of ecosystem and environment.
Biogeographic typological units (groups of foregids,
geobiocoenose type groups or units of Phytosodicébg
system) have become a framework for some of these
studies. There is published a brief research ogenaf
some animal model groups within these units infittsé
part of this study. Case study deals with a consparbf
ecological conditions of selected localities in Zwdn
brana Valley and in the Valley of Lomna River. ftes
the geobiocoenological concept of biogeographic
differentiation of landscape and a survey of sledlnall
diversity Mollusca: Gastropoda There was found
higher species diversity in localities in the Lomna
Valley. Generally, the high species diversity wasnd

in nutrient trophic series (BC) and in moister and
natural habitats. Only euryvalent species of sHelle
snails or no-shell snails were found on localitifs
poorer trophic series (A, AB even B).

Keywords. Animal model group, Biogeographic
differentiation of the landscape, Geobiocoenose,
Geobiocoenose type group, Mollusk, Ecological

valence, Species diversity

1 Introduction

Although the first studies of relationships betwgamt
and animal communities are dated to the mifi-20
century major attention is still devoted to the rpla
component of ecosystems. Plain fact is that theoritgj
of biogeographic typologies of landscape are based

looser dependence to ecotope. It is obvious tlahdt
possible to identify all the animals in ecosystem
(geobiocoenose) due to many animal taxons and also
their high mobility, therefore, according to VaZatk
(1999), we use only some animal model groups which
allow us to develop better idea about them. VaSatko
(1999) further states that model groups should meet
definite criteria: A good knowledge of the ecoladic
demands of each species. A small nhumber of taxons.
Furthermore, the group should be easily discoverabl
and determinable during research. Ground beetles
(Carabidad, rove beetles Staphylinidag barkflies
(Psosoptery blowflies Sarcophagidag butterflies
(Lepidopterd, mollusks Molluscg or birds Aveg can

be regarded as animal model groups.

2 Research overview

For approximately 50 years, we have been meetitiy wi
studies of relationships (dependencies) betweent pla
and animal communities, respectively between the
animal component of ecosystem and environment.
Later, the geobiocoenological system (Zlatnik 195y
become the framework for such studies. Animals were
studied within altitude vegetation zones - vegetati
degrees (VS) of geobiocoenological system (Zlatnik
1959, 1976) also within groups of forest types {@la
1959) and later within geobiocoenose type groups
(Zlatnik ~ 1976). We  shouldnt leave out
Phytosociological system of Zurich-Montpellier soho

Its units provided a framework for further studissd
nomenclatoric basis for zoocoenosis.

Probably the greatest attention was paid to thescla
of insects knsecty, because many taxons of insect are
characterized by close food-tie to plants. Butitesfl
(Lepidoptera were studied by Kralek & Povolny
(1978) and Povolny (1979) in the former
Czechoslovakia in zonal vegetation degreés4t vVS)

the plant component of ecosystem because it, as aand also in azonal communities. The authors have

primary producer, is the foundation of terrestrial
ecosystems. However, if we aim for a comprehensive
understanding of the landscape structure, it isy ver
important to discover the animal component of

selected 650 differential species for charactegizin
butterfly synusias Species were grouped into 5
categories according to their frequency and pojmurat
density. Newer publication ‘Butterflies (Lepidopagrof

ecosystem and its linkages to the environment. Some the Moravian Karst’ by Lagvka & Marek (2002) has

animals may well function as bioindicators of the
environment because they often respond more
sensitively to disturbances of the ecosystem dubein
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become a small breakthrough in zoogeographical
research. The authors divided the Moravian Karstoup
5 zones based on the occurrence of butterfly sperid



they defined an indicator species for taxocoenades
different plant communities classified by Zurich-
Montpellier Phytosociological classification.

Much attention has been paid to order of beetles
(Coleopterq, especially to ground beetle€drabidag.
Sustek & Zuffa (1986) studied ground beetles withia
geobiocoenose type groups in Sramkova National
Nature Reserve and Jamborova Valley in Mala Fatra
Mts. in Slovakia. They found striking transitiontiveen
communities of trophic series C and BC, which were
2times more species abundant than trophic seriésBA,
even B. Later, Sustek (1993) differentiated 3 geoap
ground beetles Garabidag and optimum of their
occurrence depending on vegetation degrees.

Many zoogeographical studies have also dealt with
the mollusk model groupMolluscg. Malek (1971)
evaluated the occurrence of mollusks in the forest
geobiocoenoses in Sumava Mts. The author assdssed t
occurrence of mollusks according to LoZek (19674 an
geobiocoenological units. He found that maple
(nitrophilous) ecologic series is the best from poént
of view of mollusk dependence on habitat. Furthiee,

B series is suitable too. Oligotrophic series Avésy
poor. VaSatko (1972) has dealt with mollusk commbne
of geobiocoenoses of thé (bak) vegetation degree. He
found that, in this vegetation degree, prioritie6 o
mollusks are in the trophic series C, BC, CD and D.
Trophic series A, AB and B are relatively poor in
mollusk communities.

Much attention among vertebrate taxons was given
primarily to birds Ave3. In a number of publications,
attention was given to bionomics of bird speciest F
example Bauer & Tichy (1966) monitored the
bionomics of Wood WarblerPhylloscopus sibilatrix
depending on vegetation degree. The authors fduatd t
the most favorable conditions for this speciesiar@®
VS. Towards the higher vegetation degrees the
beginning of its nesting is delayed and clutch size
decreases. Another study (Bauer & Tichy 1968) was
devoted to Coal TitRarus alte). It was found that
climate limits of its occurrence lies on the tuifrtiee 5"
and 8" VS and optimum of this species is in tHeahd
5" VS. Tichy (1971) monitored the bionomics of
selected passerine birds in Osoblazsko and in the
foothills of Hruby Jesenik Mts. from "2 to 6"
vegetation degree. Author assessed the optimal
conditions for each species within vegetation degre
and biotope types. Another very interesting
zoogeographic study was published by Pikula &
Beklova (1987). The authors analyzed the bird
populations in Belanské Tatry Mts. in Slovakia (bot
within geobiocoenological system). They differetedh
ornitocoenoses based on species composition of bird
populations and their quantitative ratios. Nometucka
of ornitocoenoses was created according
Phytosociological classification of Zurich-Montpeh
school. Extensive database analysis of studies
describing the Czech bird communities was published
by Stroch & Kotecky (1999). The authors, using
ordination methods, differentiated bird communities

to
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typical for various biotopes — e.g. reed commusi(ihe
most different), communities of coniferous forests,
deciduous forests, mixed forests, etc. At this tithere
are many researches devoted to the study of bitdsgu
(foraging communities). For example kKan &
Adamik (2007) focused on study of bird guilds in a
primeval beech-fir forest in Sramkova National Netu
Reserve in Slovakia. Such studies are a bit aparm f
geobiocoenologic concept but allow us to creata iofe
bird communities structure in different habitat egp
respectively geobiocoenoses.

3 Case study

Mollusks (Molluscgd model group was used for
biogeographic comparison of two mountain valleys
located in the same altitude"(§beech-fir) vegetation
degree) and in different biogeographical subpraasdne
Hercynic and West-Carpathians. It is Zemska brana
Valley in Orlické hory Mts., about 2 km north of
Klasterec nad Orlici (see Figure 1). The study asea
situated at altitude of 493 to 635 m. The geoldgica
bedrock consists of Proterozajneiss and Quaternary
fluvial sediments along the Divokad Orlice River.
Delimited study area belongs to CH7 climate region
(Quitt 1975). Entic Podzols and Cambisols arentian
soil types here (according to TKSMR reclassified into
WRB: IUSS/FAO/ISRIC 1988). The area belongs to
Orlickohorsky bioregion (Culek [ed.] 1996) and 5US
biochore (Culek [ed.] 2005) considering the
biogeography.

Figure 1: Location of Zemska brana Valley.

The second surveyed area was delimited in the
Valley of Lomna River in Morvaskoslezské Beskydy
Mts. between Horni Lomna and Dolni Lomna villages
at altitude of 490 to 730 m (see Figure 2). Therbek
is built from sandy flysch of Godul’s layers. Quatzy
is represented by fluvial sediments along the Lomna
River and by slope detritus. Delimited study area
belongs to CH7 climate region (Quitt 1975). Dominan
soil cover is Cambisol. From biogeographical paift
view the area belongs to Beskydsky bioregion (Culek
[ed.] 1996) and 5SK biochore (Culek [ed.] 2006).



Figure 2: Location of studied area in the Valley of
Lomna River.

The aim of this study was to make a survey of
mollusk fauna in these valleys focusing on shediedil
species (snails with shell), to identify differencef
shail species composition
explaination of reasons that cause these diffeeence

3.1 Methods

The foundation for this study was Geobiocenologic
concept of biogeographic differentiation of the
landscape (Btek & Lacina 1981, 1999). At first, there
were differentiated geobiocoenose type groups (9mG)
both valleys - to provide us with idea of natural

potential structure of these geobiocoenoses. Natura

geobiocoenoses structure of these valleys wasefurth
compared with the current structure of the landscap
On these bases,

structure and maps of geobiocoenoses influencereThe

were made three surveys of shelled snails in both

valleys during the vegetation season 2007. Totally
localities were chosen in each valley for mutual
comparison. Pairs of these localities have sinmkgture
conditions - in this sense, the research was fatosea
comparison of habitats with similar vegetation
formation. Chosen localities were following:

Humid habitats:A — Alder-tree formations on the
river bank (communities along the main stream ef th
valley — alder, ash, beech, spruce, maple),
Geobiocoenose 5 BC 4-5, degree of influence
(according to the classification of Bek & Lacina
1981) II; B — Communities on creek bank (it means
tributary of main river in the valley — spruce, bege
ash), 5 BC 4-5, II,C — Spring habitats, 5 B-BC 4-5,
degree of influence Il (spring habitat — sprucegdte
maple, hazel, ash), IV (surroundings — spruce).

Mesic or drier forest habitat® — Near-nature forest
I. (slope of the valley — beech, spruce, fir, mapeBC
3, Il; E — Near-nature forest Il. (upper part of slope —
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in geobiocoenoses and

there were created maps of
geobiocoenose type groups, maps of current landscap

beech, spruce, maple), 5 B-BC 3, F, — Spruce
monoculture Ricea abiey 5 A-AB 3, IV.

Non-forest habitats in the valley bottonG —
Meadow (meadow habitat in river floodplain) 5 B-BC
3-4, l-IVv.

3.2 Results

Differentiated geobiocoenose type groups of studied
valleys are presented in following maps (Figuren8 a
4).

Figure 3 Geobiocoenose type groups of Zemska k
Valley.

AcFfrinf

Figure 4: Geobiocoenose type groups of studied ia
the Valley of Lomna River.

There were found 24 shelled snail species in iotal
studied localities, 13 species in Zemska branaeyall
and 19 species in Lomna Valley. Graph 1 represants
comparison of species diversity in chosen localitie
There is used Shannon-Wiener index of species

diversity:
=52 s (%),

where n; means significance (abundance) of species
andx means sum of significance values of all species in
locality. Division of Shannon-Wiener index vaues
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Graph 1:Comparison of species diversity in localities inn&ka brana Valley (ZB) and LomnaaNey (L) using
Shannon-Wiener index of species diversity. Indexegaare divided into ecological groups accordingldssificatiol
by Lozek (1964) and Lisicky (1991) modified by Hakq2000) in VaSatko & Horsak (2000).

accords to belonging of species to ecoelements
(ecological groups). Ecoelements accords to
classification by Lozek (1964) and Lisicky (1991)
modified by Horsak (2000) in VaSatko & Horsak
(2000).
1. Higher species diversity was recorded in
Lomna Valley (even if we ignore species of
Carpathian geoelement).
Higher population density of recorded species
is also in Lomna Valley.
Species richness and population density is the
highest in humid alder-tree habitats (localities
A) on the river banks — geobiocoenose 5 BC 4-
5, degree of influence Il
In general, high species diversity and
population density was recorded in humid
localities in more nutrient trophic series (BC)
with near-nature vegetation structure.
Spruce monocultures and other forest segments
with changed vegetation structure (degree of
influence IV and higher) seem to be very poor.
The majority of recorded species is bound by
its occurrence in forest ecosystems with humid
conditions (see Graph 1). There is 69% of
forest species (SILVICOLAE) in Zemska
brana Valley. Forest species are represented by
Silvicolae s.str. (Sl), Silvicolae s.l. mesicolae
(SI(MS)) and Silvicolae s.I. hygrophilae
(SI(HG)) ecoelements — each 23%. In Lomna
Valley, there was recorded 58% forest species
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(SILVICOLAE). It includes ecoelements
Silvicolae s.str. (SI), Silvicolae s.I. mesicolae
(SI(MS)) and Silvicolae s.I. hygrophilae
(SI(HG)) — each 16%. These ecoelements are
supplemented with Silvicolae s.l. thamnophilae
and Silvicolae s.l. hygricolae species in Lomna
Valley — each 5%. Furthermore, there is 23%
in Zemska brana Valley and 26% in Lomna
Valley represented by MESICOLAE (MS)
species.  Additionally, wetland species
(PALUDICOLAE) are represented by 8% in
Zemska brana Valley and 11% in Lomna
Valley (mainly on localities A). In addition,
there is 5% of Stagnicolae et rivicolae (SG-
RV) species in Lomna Valley. It includes only
one species Radix peregrathat was found in
additional survey of the valley.

Three recorded species are categorized as
vulnerable species according tdidkova et al.
(2001). It is Perpolita hammonisthat was
found in both valleys anMacrogastra tumida
and Vestia turgida that were recorded in
Lomna Valley.

Generally we can say that it is mollusk fauna of
foothills and mountain type in both cases.
Majority of species recorded in Zemska brana
Valley is characterized by a large interval of
their normal occurrence within vegetation
degrees therefore we are talking about
euryvalent species. In contrast to foregoing, the



environmental conditions of Lomna Valley

allow occurrence of some more demanding
species (e.glsognomostoma isognomostomos
Macrogastra ventricosatc.).

There was recorded slightly higher soil acid-
base in Lomna Valley. The average soil pH
value is 4.16 in Zemska brana Valley and 4.7
in Lomna Valley localities.

10.

3.2 Discussion

Different ecological conditions of these two valiey
proved to a great extent during their comparisoithiv
each valley, there were reflected the differentditions
of various localities, respectively various geobiecose
type groups differently altered by human activitjost
of the habitats in Zemskéa brana Valley can be dae
less suitable for mollusksMplluscg. This fact is
reflected in poor populations of many recorded &sec
The main negative factors are: 1. Considerabletgtbs
acidity and 2. Altered species composition of plant
communities on certain localities. The former facto
corresponds to gnessis bedrock and entic Podzdls so
cover. According to foregoing, the “poor” geobioosa
type groupsAbieti fagetaevenFageta piceoso-abietina
were differentiated here. The latter factor iseeted if
we compare natural or near-nature forest segments t
poor spruce monocultures. The occurrence of shelled
shails was recorded only once during 6 surveys on
localities in spruce monocultures (F) in both wale
These species were found on locality F in Zemskador
Valley but all of them were found in the fallen dged
tree trunk which marginally reached into the monitg
area. No other species were found in the surrogsdin
It points out the importance of dead wood whichais
natural component of forest ecosystem but it istlyjos
absent in economic forests. The ecological conuitiof
most habitats in Zemska brana Valley are suitable
primarily for no-shell snail or shelled snail withide
ecological valence such Asianta arbustorum

The geobiocoenoses of Lomna Valley has more
convenient ecological conditions for shelled snails
Trophic conditions of this valley would allow the
occurrence of geobiocoenose type groApseti-fageta
typica or Abieti-fageta aceris inferiorawhich are also
prevalent here. However, a large part of the dedidhi
area is characterized by altered plant communities
similarly to Zemska brana Valley. These habitats of
spruce monocultures are characterized by subsideince
demanding plant species and most of shelled siNdls.
shell snails are more abundant in these habitats.

Alder-tree habitats located along main streams of
valleys (localities A) were found as the most cangat
for land snails. Good trophic and moisture condgio
cause high richness ofFraxini-alneta superiora
geobiocoenoses. Typical land snail of these laealis
Succinea putrighat is highly abundant in both valleys.
However, the composition of snail species in these
localities is relatively different in comparison talleys
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despite we are talking about the same geobiocdagpse
groups with similar degree of influence by human
activities. Totally, there were found 18 speciestimse
localities and 7 species are common to both valleys
Locality in Lomna Valley was richer in Carpathian
species Kacrogastra tumidaand Vestia turgidd and
moreover in  more demanding species, e.g.
Isognomostoma isognomostomos, Petasina unidentata
or Macrogastra ventricosa.

Generally, hemi-nitrophilous trophic series BC
(floodplain and slope detritus) and higher moisture
series were the richest in land snail species.olorgr
trophic series (A, AB even B) and altered habitttsre
were found only euryvalent shelled snails or ndishe
snails.

4 Conclusion

Some stenovalent animal species may indicate
geobiocoenoses already by its occurrence but ikee
talking about euryvalent species its high abundance
optimal conditions is mostly an indicator. In these of
mollusks we usually find only euryvalent species in
poor or altered habitats and more demanding species
join in habitats with suitable conditions. If wdate this
hypothesis to geobiocoenolgical classification eyst
we can expect that the variability among different
geobiocoenose type groups accords with accruenient o
more demanding species in richer (nutrient) andraht
geobiocoenoses (primarily BC, C, CD, D trophic e®ri
and higher moisture series). Admittedly, the furthe
research is required to define differential
malakocoenoses for geobiocoenose type groups.
However, we can expect that, in spite of foregoing,
won’t be able to differentiate some close geobiosen

type groups.
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Abstract

Climate change is often being associated with aire
extremity of climate. In case of precipitation timeans
increased frequency of extreme events, increasgpo

higher frequency, prolongation and intensificatioh
dry spells. All these events have substantial ingan
economy, citizen’s security and human life as aleho

We should note that climate change (observed and
predicted as well) is characteristic by spatial
inhomogeneity of symptoms, impacts and adaptation

of precipitation totals coming from such events andcapacity. Thus, the studies of climate change on

intensification of wet and dry spells as well. histwork
possible changes in the extremity of precipitatiegime
in the Brno region (Czech Republic) during the peri

regional and local scale are of pressing demandh Su
study for two urban areas in the Czech Republic was
currently started within the framework of the puije

1961-2007 were analyzed as a part of the project NoNo. 205/09/1297 “Multilevel analysis of the urbamda
205/09/1297 *“Multilevel analysis of the urban and suburban climate taking medium-sized towns as an
suburban climate taking medium-sized towns as arexample” granted by Czech Science foundation. The
example” granted by Czech Science foundation. Thisgoal of the presented paper which is also parthisf t
analysis was done with the help of various climateproject is to provide study of precipitation regira

indices that were computed from daily or monthlyada
These indices included e.g. diurnal maxima, portén
days with total restricted by certain thresholdrtipn of
appropriate precipitation sums on total amountssame
characteristics of dry spells. Time series of thdides
were trend tested by means of linear trend testramd
parametric Mann-Kendall trend test. The trendsodiien
statistically insignificant; nevertheless they shdhe
evidence of some climate shift in the study arelais T

evidence is the most alarming for summer which is

characteristic by higher occurrence of extreme tsvand
by prolongation of dry spells. The most consistaetthe
results for the autumn but fortunately they do lmedr the

evidence of such dangerous changes as for the summ

Results for other seasons are also describedliddtails.

Keywords: precipitation, extremity index, Brno, linear
trend, Mann-Kendall

1 Introduction

According to the Fourth Assessment Report (FAR) of
the Intergovernmental Panel on Climate Change (IPCC
2007) the climate change is the reality of 21stimen
This change is characteristic by increasing exti o
climate which was hitherto broadly documented in
different parts of the world and is expected toelben
more pronounced in the future.

In case of precipitation, increased extremity is
connected with increasing frequency of high daitats
as well as with the occurrence of extreme and
dangerous events such as heavy rainstorms, hailstor
or floods. On the other hand, in another partshef t
world we expect drying of climate accompanied by
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the local scale for the Brno region (Czech Republic
For this reason several indices with the potertial
describe somehow the extremity of precipitatiorimey
were designed, computed and tested for trends. The
analysis of climate indices is a common practicg ian
currently used by many authors (e.g. Aguilar et al.
2005, Tank et al., 2006, Martinez et al., 2007, Pt

al., 2008, Nasri, Modarres, 2009).

In the Brno region, the precipitation regime was
studied by Brazdil (1979) who found for the period
1951-1960 weakly expressed trend in summer
precipitation totals and in absolute diurnal maxiffua
further studies related to precipitation see &gnicar

&nd Kotrnec, 1976, \berova and Gregor, 1932).

2 Data and Methods

This study is based on the analysis of daily pitatipn
totals from rain-gauge stations belonging to Czech
Hydrometeorological Institute (CHMI) measuring
network. To fulfill the goals of this paper the rhos
recent period (1961-2007) was chosen for the aisalys
This period is at the same time characterized by
relatively higher quality of the data (less missing
values) compared to previous periods. On the other
hand much smaller number of stations is availate t

in the period 1931-1960 because of substantial
reduction of CHMI measuring network in 1961. Thus,
for the period 1961-2007 for the whole Brno region
(Brno city and its surroundings to approx. to 20 km
from the city centre) only 11 stations are ava#abl
Three of them are located within Brno cadastrabare
the rest is in its surroundings. The details foe th
stations are given ihab.landFig. 1.



Station name Latitude (N) Longitude(E) Altitude (m a.s.l.) Beginning of observations
Brno-Knini ¢ky 49°14' 16°31 240 1936
Brno- 49°13’ 16°38’ 203 1929
Lesna/Zidenice
Brno-Tuiany 49°10° 16°42’ 241 1958
Babice 49°17’ 16°42’ 478 1881
Buéovice 49°09’ 17°01 226 1903
Ku¥im 49°18’ 16°32’ 291 1882
PodbiezZice 49°13 16°56’ 285 1942
Slavkov 49°09' 16°53’ 206 1892
TéSany 49°02’ 16°46’ 209 1934
Zastavka 49°11 16°22' 333 1911
Zidlochovice 49°02' 16°37’ 180 1900

Table 1: The list of meteorological stations in Br@o region and their details

®  Meteorological sites
@ Brhno cadastral border
~~w- Rivers
i Water bodies

Altitude above sea level

P 570 m AT
I- 170 m

Figure 1: The location of meteorological statiomstie Brno region

Monthly precipitation totals were homogenized with
the help of ProClim and Anclim software package

the list of precipitation indices used in this work
included also: portion of wet days (i.e. the days

(Stepanek, P., 2006). Homogeneity testing was based With total >=1 mm) (PWD), total amount in wet
upon Standard Normal Homogeneity Test (SNHT) days (AWD), simple daily intensity (i.e. average

provided by Alexandersson (1986). The referencieser

were calculated from several nearest stations berge

Distance Weighting (IDW) method. Homogeneity
testing was done in several successive iterations t
improve the quality of reference series (they are
computed from neighbor stations and so they can

contain inhomogeneities as well).

Daily and monthly precipitation totals were used to

compute various characteristics describing

extremity of precipitation regime. Many of these
characteristics were inspired by climate indices
currently used by World Climate Research Programme

(WRCP) in the CLIVAR project vjww.clivar.org.

Together with simple precipitation totals and maxim

wet day amount) (INT), portion of days with

precipitation > 95th percentile (PD_95), portion of
amounts in days with precipitation > 95th

percentile on total amount (AD_95), portion of
days with precipitation > 99th percentile (PD_99),
portion of precipitation totals in days with

precipitation > 99th percentile on total amount
(AD_99), portion of days with precipitation totals

> 20 mm (PD20mm), total amount in days with
precipitation totals > 20 mm (AD20mm) as well as
some characteristics for dry spells (average (AVG)
and maximum (MAX) length in days).

All the indices were computed for the year and
particular seasons which were defined as follows:



winter — DJF, spring — MAM, summer — JJA and Significant increase can be seen only for annual
autumn — SON. The computation was done with the values in Kiim (3.2mm/10 years) and summer
help of ProClim software. The percentiles were values in Podiezice (2.0mm/10 years). For all

computed from empirical distribution in the period
1961-1990. The values of percentiles are in alksas

and for all seasons (except for the 99th perceimile

summer) smaller than 20 mm and for this reason also
the characteristics PD20mm and AD20mm were

included to see the ,behavior of precipitation ireg
for higher totals. Dry spells were defined as pdsio
with at least two consecutive days with totals <nim

The extremity indices were analysed for trend by
means of linear trend and Mann-Kendal trend telsé T

linear trend is described by formula:
y = ax +b, (1)

where y is dependent variable (precipitation total)
is independent variable (time), a and b are cdeffis
(a is a slope of linear regression). The coeffieof
linear trend are estimated by the least squarebadet
Statistical significance of linear trend (i.e. o&“,
coefficient) is proved by t-test which requiresmally
distributed data. This is true for the majority tahe

series used in this study. However, there are some
exceptions, especially for PD_99 and AD_99 wheee th

annual values are normally distributed but the weals

values are not. For this reason non-parametric Mann
Kendall trend test (Mann, 1945, Kendall, 1970) was

also used to detect statistical significance ofideein
particular datasets. This trend test representsivased

procedure and is non-parametric which means that it
can be applied to skewed data that are not normally

distributed. It is based upon Kendalbtatistic defined
as follows:

1=2S/n(n-1), 2)

where S = P-Q and ” is number of concordant pairs

of observations (their rankings on the two variakdee

in the same direction) and Q is number of discardan

pairs of observations (rankings on the two variglalee
in reverse direction). The significance level wasall
cases 5%.

3 Results

3.1 Seasonal precipitation totals and
daily maxima

Trends in seasonal precipitation totals in theqakri
1961-2007 are in all cases statistically insigatficand
mostly positive. The most consistent behavior stlie
autumn where slope of linear regression is posfive
all stations. For annual, winter and summer valhes

trend is in majority of cases positive, but there a

always two or three exceptions from this rule. Slope

for spring does not show any clear tendency being

negative for seven stations and positive for tisé re

Similar is true also for diurnal maxima. Trends are
insignificant.

mostly positive and statistically
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seasons with exception of spring and for year
positive slope of linear regression was found i th
majority of cases, with the most consistent results
for winter. In spring the slope is positive only fo
four stations, but these are not the same statisns
for seasonal totals. The results for seasonalstotal
and daily maxima can be seerTiable 2

The trend values statistically significant aftaest

on the level 5% are written in bold while the vaue
on the border of statistical significance are in
italics. Underlined are the trend values statifliica
significant on the level 5% according the resufts o
non-parametric Mann-Kendall (MK) trend test.
Underlined by dashed line are the values on the
border of statistical significance according to MK.
The same denoting is used in all tables with the
results of trend testing

3.2 Days with precipitation total
above the given value

The study of wet days (i.e. days with total
above 1 mm) is motivated also by the intention to
recognize the influence of the city on precipitatio
regime. From recent literature it is well knownttha
urban areas can modify the precipitation regime
either by intensification of existing precipitation
(the hypothesis of greater occurrence of extreme
events defined e.g. by percentiles) or by their
initiation (the hypothesis of greater occurrence of
wet days).

For the Brno region positive trend is prevailing
in case of annual values for the portion of wetsday
(PWD) as well as for precipitation totals in wet
days (AWD) and simple wet day intensity (INT).
This increase is statistically significant in Slavk
for PWD and AWD. From the point of view of
results for wet days the most interesting is summer
with predominant decrease in PWD which is
significant for Zastavka (-1.3% of days/10 years)
and increasing trend in AWD at the same time.
This means that the summer is characteristic by
increasing trend in INT which was proven for all
the stations and is significant in Babice (0.34 mm
per day/10 years). Spatially most consistent
behavior of the three characteristics is agairtter
autumn. Regression slopes for PWD and AWD are
positive with no exception (PWD is significant for
Slavkov), slopes for INT are all negative
(significant for ®Sany). This means that trend in
PWD is probably stronger than the trend in AWD.
The results for winter and spring are rather
spatially inconsistent with general tendency for
increasing AWD in winter, decreasing PWD in
spring and increasing INT in both seasons. The
results can be seenTmable 3.



Precipitation sums Daily maxima
YEAR DJF MAM JJA SON YEAR DJF MAM JJA SON
Brno-Knini ¢ky 1.118 0.223 0.231 0.282, 0.404 0.249 0.040 0.078 1102 0.051
Brno- 0.400 -0.021| -0.083 0.486 0.09% 0.198 0.046 0.058.1880| 0.041
Lesn&/Zidenice
Brno-Tuf¥any 1.052 0.302| -0.172 0.597, 0.35¢ 0.096 0.068 0.047 070, 0.042
Babice 0.611 0.082 -0.074 0.392 0.251 0.216 0.066 -0.0212120| 0.040
Bucovice 1.770 0.183 0.169 0.867| 0.51f 0.216 | 0.066 | -0.021| 0.212 0.04¢
Ku¥im -0.042 -0.047| -0.348 0.068 0.14] 0.321 | 0.040 | 0.013| 0.238 -0.00f
Podbiezice 0.729 0.184 -0.397 0.265| 0.44¢ 0.040 0.105 -0.064.197 | 0.027
Slavkov 0.984 0.259 0.000 -0.193 0.72% 0.034 0.097 0.048 .0538| 0.081
Té&Sany 0.231 -0.107| -0.554 0.527| 0.37p -0.010 0.005 -0.0740.034| -0.015
Zastavka 0.545 0.230| 0.213 -0.029 0.268 -0.042 0.068 0.13®.079| -0.029
Zidlochovice -0.388 -0.259| -0.537 0.114 0.311 0.097 -0.010 9.060.074 0.041

Table 2: Slope of linear regression [mm/year] donual and seasonal precipitation totals and aadlyima for
selected stations in the Brno region in the peti®@1-2007

DJF MAM SON
PWD AWD INT PWD AWD INT PWD AWD INT
Brno-Knini &ky 0.050 0.153 0.001 -0.017 0.259 0.013 0.132 0.366 .013D
Brno- -0.009 0.118 0.008 0.001 0.106 0.0g2 0.073 0.172 .01

Lesna/Zidenice
Brno-Tuiany 0.035 0.317 0.011 -0.004 0.027 -0.001 0.062 0.2460.002

Babice -0.030 0.105 0.013]| _ -0.046 -0.067 0.008 0.086 0.207] -0.01p
Bucovice 0.079 0.230 -0.001 0.023 0.336 0.009 0.087 0.480 .0010
Ku¥im -0.040 0.005 0.010 -0.092 -0.414 0.001 0.096 0.160 -0.01p
PodbieZice 0.050 0.188 0.003 -0.063 -0.61p -0.016 0.086 0.4060.006
Slavkov 0.079 0.277 0.010 0.060 0.376 0.004 0.142 0.652 -0.002
TéSany -0.061 -0.273 -0.002 -0.093 -0.621 -0.008 0.091 0.024 -0.023
Zastavka -0.045 -0.157 0.002 | _-0.063 0.282 0.025 0.075 0.415 -0.001
Zidlochovice -0.014 -0.286 -0.014] -0.123 | -0.528 0.005 0.032 0.268 0.007

Table 3: Slope of linear regression [% of days/ysan/year, mm per day/year] for winter, spring amndumn
values of PWD, AWD and INT for selected stationshie Brno region in the period 1961-2007

In case of extreme events limited by 95th (99th) that the number of significant values has
percentile similar tendencies can be seen as far we diminished compared to the winter season.
days, but they are much more apparent. For annual However, stat_lst|cal significance of slopes for
values of PD_95 and AD_95 (respectively PD_99 and PD_99 according to _MK represe_nt general feature
AD_99) the slope is predominantly positive with the for all seasons. This is especially apparent for
exception of Esany (both for 95th and 99th percentile). the autumn where all results for PD_99 are
Significant values are for PD_95 for Slavkov (0.8%  Significant and the majority is negative. For
days/10 years) and for Brno-Lesna and Brno-Kikipi the spring significance of PD_99 is true with
for PD_99 (0.4% and 0.5% days/10 years) and AD_99 Fhe exception of Zasta_l\_/ka and the sign of the trend
(1.9% and 2.3% of annual precipitation total/10rgpa is predominantly positive (for further details see
The most consistent season is winter which shows Table 4.
increasing trend for days as well for totals fot al
stations except Zidlochovice. Note that many of the
values are significant according to MK test esfBcia
for non-normally distributed PD_99. Also the summer
is very consistent with the majority of positivelwes
with the exception of 3any (for PD_95 and AD_95)
and Slavkov (for PD_99 and AD_99), but it is eviden
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YEAR DJF MAM JJA SON
PD 99 | AD 99] PD 99 AD 99 PD 99 AD 99 PD 99 AD DP9 BB | AD 99
Brno -Knini &ky 0.041 0.193] 0.010 | 0.159 | 0.004 | 0.015 ] 0.017 0.300] _ 0.006 0.074
BrrJo- 0.046 0.230| 0.007 | 0.124 _0.010| 0.194 | 0.020| 0.235 | 0.001| 0.012
Lesna/Zidenice
Brno-Tuiany 0.013 0.125] _0.018| 0.282 0.001 | 0.051 0.014 0.214 -0.006 -0.085
Babice 0.031 0.137] _0.012| 0.168 0.007 | 0.061 ] 0.013| 0.176 | -0.005| -0.064
Budovice 0.003 0.029 0.010{ 0.106 | -0.006 | -0.194 | 0.016 0.181 -0.003 -0.096
Ku¥im 0.019 0.149 0.014| 0.199 0.006 | 0.131 0.020| 0.307 -0.009| -0.192
Podbtezice 0.011 0.007| _0.015| 0.241 0.001 | -0.108 | 0.025 0.334] -0.008 | -0.172
Slavkov 0.041 0.068] 0.015 0.201 0.018 0.199 | -0.003| -0.136 ] -0.003 | -0.104
TéSany -0.015 | -0.001 0.013| 0.197 -0.008| -0.126 ] -0.004 | 0.025 -0.011| -0.169
Zastavka 0.030 0.129] _0.005| 0.064 0.017 0.295] _ 0.011 0.136 | 0.006| -0.006
Zidlochovice 0.026 0.129] -0.003 0.007 | 0.001 | -0.027] 0.013| 0.161 | 0.001| 0.033

Table 4: Slope of linear regression [% of days/yean/year]
of annual and seasonal values of PD_99 and AD_©8elected stations in Brno region in the period81:2007

Portion of days and amounts in days with precijpitat

totals above 20 mm (this value is in the majorify o

cases higher than 95th or 99th percentile —for ageer
values of the percentiles seBable § (PD20mm,

AD20mm) for annual values shows mainly positive but
is

statistically insignificant trend. This tendency
apparent also for winter and summer. In winterttad

slopes for PD20mm and AD20mm are significant and

positive (except for Biovice and ESany). In
summer the majority of values are positive, but
only some of them are significant. Transition
seasons are characteristic by inconsistency irdtren
signs and great consistency in statistical
significance of PD20mm according to MK (all the
values are significant).

YEAR | DJF | MAM | JJA | SON
95" percentile 8.2 5.7 7.8 120, 73
99" percentile 13.1 11.4 182 | 257 184

Table 5: Average values of the 95th and 99th péiteefmm] of the period 1961-1990 from selecteatishs in
the Brno region

YEAR DJF MAM JIJA SON
AVG MAX AVG MAX AVG MAX AVG MAX AVG MAX
Brno-Knini &ky 0.001 -0.001 0.009 -0.024 0.043 0.016 0.053 0.(850.090 | -0.141
Brno- -0.011 -0.024 -0.008 -0.064 -0.015 -0.031 0.021 4».q -0.048| -0.071
Lesn&/Zidenice

Brno-Tuiany -0.004 0.054 0.027 0.050 -0.03D -0.047 0.083 0.4540.049 | -0.049
Babice 0.029 0.082 0.070 0.074 0.037 0.04P 0.042 0.473 0340 -0.032
Budovice -0.016 0.033 -0.001 0.001] -0.029 -0.044 -0.009 1. -0.050| -0.019
KuFim 0.016 0.054 0.065 0.086 0.05] 0.066 0.019 -o.'I)oz .068)| -0.098
PodbieZice -0.027 -0.049 0.034 0.064 0.017 0.028 -0.026 -O.J)S-ZI0.0QO -0.153
Slavkov -0.073 | -0.181 -0.017 -0.074 -0.101 -0.1871 -0.011 | -0.059] -0.152 | -0.229
Té&Sany 0.012 0.051 0.109| 0.192 0.016 0.071 0.020 0.014 -0.083 -0.070
Zastavka 0.001 -0.045 0.046 0.047 -0.006 0.01p 0.049 0.054 -0.049| _-0.106
Zidlochovice 0.018 0.077 0.028 0.062 0.02] 0.008 0.0480.104 | -0.024 0.031

Table 6: Slope of linear regression [days/yearbfagrage and maximum length of dry spells for setéc
stations in the Brno region in the period 1961—-2007
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3.3 Dry spells

Dry spells are recently being the subject of irtesef
climatologists in different parts of the world besa of
their potentially very serious impacts on agricrgtu
(e.g. Nasri, Modarres, 2009, Lana et al., 2006,8200
Usman, Reason, 2005). Prolongation of dry spellédco
be substantial problem also in the studied areaussc
Southern Moravia belongs to important agricultural
areas in the Czech Republic.

The results of trend analysis for average and
maximum length of dry spells show great spatial
inconsistency for annual and spring values with the
signs of regression slopes of linear trends beositipe
and negative almost half and half. However, tresugs
mainly insignificant. On the other hand, for wintard
summer the predominance of positive values is
apparent especially for average length of dry spell
being significant for Zastavka in summer (0.5 da@s/
years). On contrary the results for autumn are tivega
with no exception for average length as well as for
maximum length. Statistical significance was proven
for Brno-Kninicky, Slavkov, BSany and Zastavka.

4 Conclusions
Analysis of precipitation data from CHMI stationdthw

is decreasing (portion of wet days is increasing
more rapidly than the totals).

4) For hitherto mentioned characteristics there
can be seen very clear tendency in time and space.
The most consistent are the results for autumn (the
same sign of trend for all the stations) and summer
The least consistent are in all cases resultshfer t
spring. From the spatial point of view there are
some stations that show different behavior than the
others. These are stations in the southern part of
studied area — &any and Zidlochovice that have
the highest number of exceptions (negative signs)
from predominant positive trend.

5) In case of characteristics based on extreme
events (defined by the 95th or 99th percentile) the
frequency of statistically significant values
increases (this is especially apparent for PD_99 in
all seasons).

6) The slopes for PD_99 and AD_99 show
increasing frequency of extreme events and
increasing portion of totals coming from such
events for year, winter, spring and summer. In
autumn the frequency of extreme events is
decreasing as well as their portion on total amount

7) In case of precipitation totals exceeding 20
mm the frequency of such events and the
appropriate totals are increasing especially in

measurements available for the period 1961-2007 was summer and also in winter and year while the

done. Various precipitation indices were designed a
computed from daily or monthly precipitation totaisd
tested for trend. In spite of the fact that the angyj of
results are statistically insignificant, there daa seen
the evidence of climate change characteristic ®y th
shift to greater extremity of precipitation regime

transition  seasons are  characteristic by
inconsistency in trend signs. The number of
significant values for PD20mm and AD20mm is
generally lower than for PD_99 and AD_99.

8) As far as the characteristics of dry spells are
concerned, the trends are mainly insignificant. The

(especially in case of some characteristics and for highest number of significant values is for autumn

particular seasons).

where the trend for average and maximum length is

The main results of this paper can be summarized always negative. On contrary for winter and

as follows:

1) The trend for annual and seasonal precipitation

totals is in all cases statistically insignificabut
predominantly positive (which is evident especially
the autumn and also in winter and summer).

2) The trend for daily maxima is in the majority of
cases insignificant with the predominance of pesiti
values especially in the winter and also for year,
autumn and summer.

summer the trend is predominantly positive.

According to these results it is evident that some
changes of the climate in Brno region in the period
1961-2007 exist. A lot of results are statistically
insignificant but consistent for all the statiorsg(
positive trend in PWD, AWD and seasonal sums
for autumn). Nevertheless, the most alarming are
the results for summer which show evidence of
increasing extremity of precipitation and drying of
climate at the same time. This is documented by

3) As far as the characteristics based on wet days decreasing frequency of wet days, increasing wet

are concerned, very consistent behavior can befseen

day intensity, positive trend in days with amount

annual, summer and autumn values. On the annual sca above given limit defined either by percentiles

portion of wet days is increasing as well as amsunt

(95th and 99th) or by precipitation total (20 mm)

coming from such days and mean wet day amount and in totals coming from such days as well as

(simple wet day intensity). The most interestinghe

summer which shows decreasing portion of wet days,

but increasing totals from wet days and increasiegd
in simple daily intensity. In autumn the portion wét
days is increasing as well as the totals, but nkensity
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positive trend in average and maximum length of
dry spells. On contrary for autumn we see the
tendency for higher frequency of wet days,

decreasing wet day intensity, negative trend for
frequency of extreme events and appropriate totals
as well as shortening of dry spells.



The presented work was done within the project No. [12]
205/09/1297 “Multilevel analysis of the urban and
suburban climate taking medium-sized towns as an
example” granted by Czech Science Foundation. We
suppose that it will be further developed by thelgsis
of longer time series, of data from special-purpose [13]
measurements etc.
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Pisemny operat Stabilniho katastru a jeho p

studium dynamiky vyuziti krajiny

Petr Dvdak

Finos pro

Ustav Geoniky AY'R Ostrava, Odéleni environmentalni geografie, Brno

dvorak@ogeonika.cz

Abstrakt

Cilem tohoto pispvku je poukazat na vyjintaou roli
Stabilniho katastru (dale jen SK) v popisu krajihy
poloviny 19. stoleti. SK je vyznamné dilo nejen pro
svoji vysokou historickou, ale i estetickou hodnotu
jedinginy tim, Zze ndm zobrazuje v detailu nejen vyuziti
ploch, ale obsahuje také zékladni popis sfEsiekych

a ekonomickych aspekt sidel v obdobi p#najici
pramyslové a zertélské revoluce weskych zemich.
Jadrem fispsvku je analyza 0d&j z SK Dolnich
Kounic a vytvdeni uceleného ,obrazu“ Uzemi, na
zaklad socialni, materiakh technické, ekonomické a
hospodéské situace popsané v pisemném operatu SK
tohoto n¥sta. Nosnymi pifi tohoto obrazu jsou data o
obyvatelstvu a ZzZjpsobu jeho obzivy, systému
hospodé&eni, pstovanych plodinach a chovanych
zvitatech nemenSi pozornost j&nevana vyuziti
ploch, kterych pisemny operat SK vymezuje v Dolnich
Kounicich deset.

Kli¢ova slova: Land use, krajina, Stabilni katastr,
Dolni Kounice

1 Uvod

Vyvojem krajiny, historickym, nebo dynamickym land-
usem se zabyva v poslednich dvou dekadach mnoho
autofi, nejenom geograf(Bi¢ik 2004, Jeleek 1995,
Brina, Krovakova 2006, Boltiziar et al. 2008,, Olah
2003 apod.), ale i historik (Semotanova 2001, ) a
krajinnych ekolo§ a environmentaligt i sociologh
(Lipsky 2000, Sadlo, Karlik 2002, Cilek 2004). Za
rozmachem tohoto vyzkumného &m v geografii stoji
rychly néstup vypéetni techniky, programového
vybaveni a po®rné snadné dostupnost dat, které nam
nyni umo#uji tvorbu fady porovnatelnych ,sninik
krajiny* jiz od 1. poloviny 19. stoleti. V ramci avby
¢asovychiad, které se vyuzivaji pro hodnoceni vyvoje
krajiny, se uplatuji zejména dva pile studia
historického land use, jednim znich je analyza
kartografickych podklatl leteckych a druzicovych
snimka. Tyto podklady zaznamenavaji aktualni stav
Uzemi v dob vzniku daného dila, tedy aktudlni land
use \etr® velikostni charakteristiky jednotlivych
ploch, jejich prostorové rozmésti a vzajemné vazby.
Druhym piliiem jsou statistické Udaje, které vychazeji
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z katastralnich S&tni a prezentuji tvrda data o
zakladnich zfisobech vyuziti pdy — o druhu a vyite
jednotlivych typi land use. ¥tSina praci v satasnosti
kombinuje oba dva zdroje datfigemz ve studiich
zanmgienych na jednotlivé katastry, nebo na mensi
Uzemi, dominuji data ziskand z map (Olah 2003,
Lipsky 2000, Btina, Kfovakova 2006), v fitku
okredi, kraji, nebo celé republiky ipvaZzuje jeden
zdroj — statistickd data (Blk 2004, Kabrda 2004,
Stych Beik , Jeléek 2003, Jekek 1995), nebo
mapoveé podklady (Mackeéin P., Demek J, Hauek,

M. 2007) ¢i druzicové snimky - prace projektu
CORINE LAND COVER (Feranec 2009).

Predkladany text je historicko geograficka studie
malého moravského #sta Dolni Kounice vznikla
analyzou dat ze SK tohotoésta, které se nachazi
necelych 20 km jihozapadrod Brna.vélenité krajirg
piechodu Bobravské vrchoviny do Dyjsko svrateckého
avalu.

2 Data a metodika

Patatek tvorby SK, tohoto na svou dobu velkoryse
pojatého dila je dan patentem ¢ésdrantiSka 1. O
stabilnim katastru d&mpozemkové ze dne 23. prosince
1817. Tento novy katastr &n nahradit divejsi
katastralni soupisy a jeho hlavnim cilem bylo
zefektivreni vybéru pozemkovych dani. Pro studium
krajiny a land use jsou podstatna tato dopeni, které
patent mino jiné obsahoval (Kudghd961, Novotny
1911):

1. katastr bude obsahovat vSechny pozemky
hospodé&sky obdlavané i neobtlavané, bez
ohledu na panskou nebo poddanskodyp

2. pozemky budou geometricky zairany,
zobrazeny, sepsany a popsany

3. pozemky budou rozliSeny podle druhu a
uzivani

Postupg byly podle spoléného postupu zpracovany
gasti rakouského cisstvi, které se kryji s pozf
vytvorenym gredlitavskem, tedy Gzentiech,.Moravy,
rakouského Slezska, Dolni a Horni Rakousko,
Solnohradsko, Styrsko, Korutany, KrajinafirRoii,
Dalmacie a Velkovévodstvi Krakovské (Ku¢i®61)

V této studii nevyuzijeme celého SK, ale jen jeou
¢asti — pisemného a é&icského operatu. Pisemny
operat SK Dolnich Kounic vznikal mezi roky 1840 a
1842 a vsotasnosti je ulozeny v Moravském
zemském archivu v B Uvodnich 14 paragrafse



vénuje velmi podrobnému popisu celého katastru, jeho
fyzickogeografickym podminkam, pm obyvatelstva,
poctu domi a rodin, zaréstnani obyvatelstva, orientaci
zenedélské produkce, vyuziti jmy, primyslové
vyrobg, druhu zivnosti a silini siti.

Jelikoz tvorba pisemného operatu spada¢ jesed
zavedeni metrického systému jsou jako ploSné miry
uzivany Jochy (Jitra, 1 jitro = 0,5755 ha) a Klafte
(Sahy, 1 sa4h = 3,5966 YnJle teba zdraznit, ze
vSechny zapisy byly pgzovany v rRmcingé a
powtSinou r&né psané kurentem. (psana forma
némeiny, dnes jiz nepouzivand), coz z praktického
hlediska ztzuje geklad a limituje vyuZiti &chto
rozsahlych pisemnosti.

Mériésky operat tvti samotné katastralni mapy
zobrazujici veSkeré pozemky hospisikg obdlavané i
jiné (neplodné). Pro pietby této studie byly pouzity
kolorované povinné cigské otisky SK, které
zaznamendvaji aktudlni stav vyuziti krajiny v &ob
jejiho mapovani, tedy vroce 1825, be#ppdnych
pozdjSich uprav. V pipad Dolnich Kounic jde o
soubor osmi mapovych poli na Sesti mapovych listech
jejichz spravcem je Ustdni archiv zegmetictvi a
katastru v Praze. Webova prezentace jeho sbirek je
dostupna nattp://archivnimapy.cuzk.cz/

3 Stabilni katastr Dolnich
Kounic

3.1. Udaje o sidle a obyvatelstvu

Uvodni pasaze pisného operatu SK jsatnovany
podrobné  topografické  charakteristice  celého
katastralniho Gzemi Dolnich Kounic, popisu hranic,
véetnd vyjmenovani vSech sousednich katastralnich
Uzemi. Poloha #sta je vymezena i Brnu a

s ohledem na hlavni komunikace. Katastr je popsan
nasledovi: ,Jihozapadd od provirgniho hlavniho
mésta Brna a napravo od hlavniizdové silnice do
Vidné se rozprostira oblast s osadou, jejiz¢naaast
lezi ve velkém uadoli Jihlavy, které probiha od
jihovychodu na severozapad. Povrch je nerovny,
hluboce petaty iicnim korytem Jihlavy, klima je
mirné, vice suché neZli vihké“. Celkova rozloha
katastru je uvatha 1556 joch a 1259 klafth (895,9

ha, sodasna rozloha katastru Dolnich Kounic se
zmenila jen velmi nepatr vzrostla o 1,3 ha na 897,2
ha)

Némecky nazev obce byl Kanitz, jeltesky, nebo jak
uvadi operat ,moravsky“ ekvivalent pak Kanice, jako
pouzivany jazyk je udavana moravstina, ale mnoho
obyvatel mluvilo i gmecky. V roce 1840 #i Kounice
celkem 2792 obyvatel (1295 mua 1497 Zen). Ve 396
obydlenych domech Zilo 620 rodin, coz je vimg&ru
1,56 rodiny, ¢itajici 7 ¢lend na jeden tim, majiteli
domi bylo 126 n¥stani a 223 domkat, ve vlastnictvi
Zidd bylo 35 dond. F¥i pozdjSim revizi pisemného
operéatu je vepsan jéSstav obyvatelstva v roce 1843,
ktery mirré narostl na 2805 (1300 miua 1505 Zen).
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Hustota zalidéni ¢inila 313 ob/km, piicemz pamgr
deskych zemi byl vroce 1850 pouhych 84 olfkm
(Kérnikova 1965)

Zastavba je kompaktni v riieky Jihlavy, vyjimkou
byla mald osada Karlov vzdalena asi 2 km severh
centra. Pechodovou zo6nu do extravilanu obce itvo
prstenec zahrad, na ktery navazuje jiz pluzinéstblje
rozcéleno tekou Jihlavou na dv ¢asti, spojené
dieknym mostem, na kterém se vybiralo myto.
Velikostn® i vyznamo¥ je podstat§Si pravoliezni
¢ast, kde se nachazi n&sti sradnici, a dalSimi
vyznamnymi objekty, které tzeme diky SK pesré
lokalizovat. Jde zejména o cirkevni stavby a budovy
spravnich orgadh Centrem nmssta bylo trzist
obklopené roubenymi domy, farni kostel (pm@m i
povodni v roce 1862 a nasledmbaen), kaple Svatého
Jana na nejvySSim beéd centralni ¢asti nesta,

v blizkosti Kaple se nachazel panskyadsg pivovarem

a pansky mlyn. Na vyvySerimad néstem se dodnes
ty¢i ,pansky zamek — kolébka knizeciho domu
Kounici nyni vlastnictvi knizete Dietrichsteina —
Proskau-Leslie a sidlo panskych spravnich aijan
Posledni vyznamnouasti je na zapadni stratrzisg
Zidovskactvrt. (V roce 1850 o zidovské obec 649
¢lend, coz byla asttvrtina celkového p&u obyvatel).

O zastavb na levém kehuieky se SK zniiuje jen
velmi okrajow, je uveden jeho rozdilny socialni statut
obyvatelstva , domy jsou obydleny chudou vrstvou
obyvatelstva“.

Zastavba je ztha (nespalna), nezdych (spalnych asi
dievnych) budov je minimum, jde o hospdsié
budovy v objektu cihelen a zazemékterych doni
pobliz panského dvora. DalSi vyznamné objekty jsou
prostoro¥ lokalizovany na obrazku 1.

Obr 1. Schéma zastavby Dolnich Kounic dle SK.

Reka byla¢astené regulovana jezemiehoz vyuzival
mlyn, SK se zmiuje i o nakladném zemnim valu
k ochrar poli mezi Dolnimi Kounicemi a Pravlovem,
jinak nebyla feka nijak regulovana a dochéazelo
k zanaSeni koryta a vznikuéstopiskovych lavic na
biezich. SK popisuje pravideélnse opakujici jarni
povodré takto: ,po tani séhu a prseni korytéeky neni
schopno zadrzZet tu spoustu vody a to je pak pavode



tak silna, Ze #tSicast néstetka na obou tezichieky je
nejen zatopena, ale i pokryta piskem*

3.2. Udaje o zemédélské vyrob é a
vyuZziti p ady
Udaje o zersdgIské vyrols a vyuziti mdy jsou velmi
podrobré vykresleny, protoze byly hlavnim bodem pro
vymétovani dad. Podil gidy vyuzivané v zeuglstvi
ginil v Dolnich  Kounicich  87,7%, druhou
nejvyznamuijSi kategorii s 10,1% byla neplodnéda
(vodni plochy, skaly, komunikace), které nepodlahal
danim. Zastatna plocha ¢inila jen 1,5% a lesy
pouhych 0,7% katastralni plochy, viz obr 2.
Nejvice zastoupenym typem land use je orfidap
kterou podle bonity pisemny operéatlidna 4 tidy (I
ttida 44.4 ha, llfda 100,6 ha, lllffida 111,5 ha a IV
tiida 101,1 ha). Ze#dlské produkci dominuje stéle
pouzivany trojpolni systém hospddni, coz se
v komentdi o zengdelské produkci neobeSlo bez
kritiky. ,pfi Upraw pady na gstovani stébelnatych a
luskovych plodin nejsou vlastnici pozeingokratili, v
zentdélském podnikani zde nikdo nevynika a nigm
byt proto pro ostatniifkladem*
Jako hlavni plodiny jsou uvédy ozima pSenice,
ozimé zito, j€émen, ovesgocka, fazole a brambory,
v menSi mie pak hrach a kukice. Mezi ornnou fdu
je mozno z#adit i pole s ovocnymi stromy (24,5 ha),
kde ovocné stromy zabiraly asi 1/3 plochy a nakabyt
se hospod#o jako na normalni ornégolé. Na pomezi
mezi pastvinou a ornoutidou stoji kategorie gtavy
uhor (rémecky Trisch Aecker), tyto plochy byly
zejména na ifkrych svazich s méalo Urodnouigou
s mnozstvim skeletu, hla¥nv severni¢asti katastru,
celkem jich SK wyleiiuje 27,2 ha.Ctyilety cyklus
vyuzivani &chto ploch speéival v jednoréni produkci
brambor a fazoli arfletém nasledném uzivani coby
pastviny pro ovce.
Prebytky zenddélské produkce byly nabizeny na
mistnim trhu nebo dodavany na trh do Brna. Podil po
na zenddélském mdnim fondu byl 52.1%, vezmeme-li
v Gvahu pouzivany uUhorovy systém, pak aktualni
zorreéni katastru klesne minimaino 1/3 na necelych
35% a se zagftanim stidavého Ghoru je8tvice.
Druhou nejvyznam¥si  slozkou zerélského
padniho fondu byly vinice. Celkavjich bylo 211,3ha,
coz odpovidalo 26,9%.zemIského mdniho fondu.
Némecky se tyto kultury nazyvaly Wechselweingarten,
coz by se daigloZit jako stidavé, pechodné vinice.
Tento nazev vystihuje podstatu systému hosfmda
na €chto plochach, ktera spivala ve stidavém
péstovani vinné révy a vyuziti jako ornédy. Cyklus
této zmény trval 36 let. Nejprve po 24 let zde byl
vinohrad a poté zde 12 let byla orn&p. Vinohrad se
zakladal sedmi az osmi tisici hlavami vinné révylna
joch (12 165 - 13 903 hlav / ha)é¢dovalo seervené i
bilé vino, Uroda je popisovéna jako dobrd, alea,tam
kvili nevhodnému umishi jsou vynosy nejisté”. &si
prebytky n¥l jen pansky dur, wtSina vina se ale
spotebovala v mist nebo v blizkém okoli. Rmérna
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velikost parcely svinohradem byla jen 0,0185 ha.
Vinohrady byly rozdleny podobg jako orna fida do

4 trid podle bonity (Iiida 35,8 ha, llifda 101,1 ha, IlI
tiéida 66,2 ha, IVifda 6,3 ha), rozhodujicim faktorem
byla kvalita midy a orientace parcely. Réva je
péstovana zejména na levelini c¢asti katastru

v pasmu 230 — 320 m.n.m,

Pro chov hospodakych zvtat, ktery v této dob stale
probihal volg bez ustajeni, byly velmi idezité
pastviny. Ty byly na jinak Spatn vyuzitelnych
pozemcich, hlavh na strmych svazich, v Udolich
malych vodnich tok a strzi, mensi plochy lemovaly
silnice a rozdlovaly bloky poli. Podle dogkového
vyziti byly vramci SK pastviny rozteny do 3
kategorii: na pastviny vyuZivané jen pro pastvi3(43
ha), pastviny s ovocnymi stromy (14,1 ha, hkavn
zamecky kopec a pastviny kolem osady Karlov) a
pastviny s ki a stromy (1,6ha). Jestlizetipoéteme

k €mto pastvinam je&t¥s rozlohy stidavého uhoru,
ktery se také pouzival pro pastvu, davd naméeou
ploch pouzitelnych pro pastvu 170 hektar

Celkovy stav dobytka uvédy v SK ¢ita 30 koni, 2
byci, 116 krav, 35 telat, 900 Sle¢hych ovci a 120
prasat. Kog, skot a prasata byly chovany vé|rcoz se
neobesSlo bez hodnotictho komeamta tvirce
ocaiovaciho operatu. ,nefSi nevyhodou je chov
dobytka na volnych pastvinach, coz je systém
hospodé&eni, které masnou produkci dobytka i hnoje
brzdi“ Nejwtsi hospodéstvi v Dolnich Kounicich byl
pansky dvr, na ktery pipadalo 6 koni, 20 krav, telata
a 30 prasat.

Posledni ¢asti zemidélského midniho fondu jsou
zahrady, které bezprdetiré navazovaly na zastavbu a
tvorily zazemi ténsi kazdého domu a byly vyuzivany
pro psstovani zeleniny a ovoce. Zahrady byly
rozckleny do dvou skupin dle bonity. Prvnfidu
tvorily vétsi rovinaté pozemky v blizkogteky, druhou
pak vySe polozené stisi pozemky. Fimérna
velikost zahradyinila 0,056 ha. Ne&jastji péstované
ovocné stromy v zahradach i mim@ byly tresrg,
viSrg, jablorg, hrusi a Svestky, vyjimé&né ofechy,
broskve a mertky. USlechtilejSim odidam se zde ale
podle SK nedélo. Ze zeleniny uvadi SK okurky, salat
a zeli.

Zasta¥na plochacinila 13,1 ha, ¥tSina doni byla
postavena z pevnych matefialpokryta taSkami a v
ponmeérné dobrém stavebnim stavu, stavby stojici mimo
centrum, zejména na levéntebu reky mgély hlinéné
zdi a doskové #echy, ale i jejich stav je hodnocen jako
docela dobry. ,Stavebnich pozeinje malo, nizeme

je nalézt pouze v zahradach* Tato zminka odpovida i
pozdjSimu  stavebnimu vyvoji, kdy dochéazelo
k zahugovani zéastavby a zastavovani spisehto
ploch nez kploSnému rowtani. Kromd vySe
zmirgnych staveb a instituci se wate&tku nachazela
jeSt fara, Skola, synagoga, radnice, chudobinec,
nemocnice a osamoceny hostinec na Karknpci.
Lesnich ploch bylo opravdu malo, hlawma severnich
hranicich katastru, celkem to bylo 6,1 ha jatditého
porostu, na jedné parcele i porostu smiseného.
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Obr. 2. Vyuziti ploch katastralniho tzemi Dolnich
Kounic dle Stabilniho katastru.

3.3. Obchod, pr amyslova vyroba a
Zivnosti

Praimyslovd vyroba byla v Kounicich teprve
v pocatcich, pesto zde v textilni tovaenjiz fungoval
parni stroj o 8 kiskych silach. Tovarna Arnosta
Baltazara byla také nejtsim zamistnavatelem (30
muzskych a 50 zenskych pracovijikOdbytiSt svych
vyrobkii m¢la v nedalekém By dale obchodovala i
s Vidni, Mafarskem a Hati. Palivo pro parni stroj
pochézelo zernouhelnych ddl u nedalekych Rosic,
celkem ho spéebovali 1800 ceiit(1 cent = 56 kg) a
150 sah dieva (1 sah = 1,52 z blizkého okoli.
DalSimi wtSimi podniky byl pansky pivovar a mlyn.
SK uvadi existenci sedmi paliren, jejichz ¢mo
produkce ¢inila dohromady 400 &der palenky (1
védro = 61,117lith /nebo 56,6) z brambor a Zzita pro
mistni a blizké okoli. Mocné pokryvy spraSovycmhli
vyuzivaly i cihelny s r@ni produkci 300 000 cihel a
60 000 stesnich taSek, ktera dle SK ,sotva posta
na potebu néstetka a sousednich obci, kde je vystavba
pevnych budov v rozk{u“ Hlavnim zdrojem energie
ve mest je jiz ¢erné uhli, jednak diky malym zasobam
dieva a blizkosticernouhelnych ddl ro¢ni spotebu
odhaduje SK fiblizné na 2160 cerit Zivnosti které
SK vypaitadva je 24 pokryvaly kompletni pebu
tehdejSi spoknosti acinily Dolni Kounice obchodnim

i femeslnym centrem pro blizké okoli, vés# pisobil

1 Iéka, 1 pansky a 1 Zidovsky zuba

Zakladem obzZivy tésf vSech rodin bylo ze#dglstvi,
ale jen malo se é&novalo jen jemu, mimo & se
vénovali iznym Zivnostem a obchodu, nebo praci na
stavi® Zeleznice zVidh do Brna. Zidovské
obyvatelstvo se Zivilo i diky panujicim omezenim
obchodem a podnikanim.
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4 Zaveér

Stabilni katastr je ucelené, na svoji dobu
maximalré  objektivni a pesné dilo o
kvantitativnim i kvalitativnim stavutgniho fondu
a ekonomiky v Cechach, na Morav a ve
Slezsku.ale i Rakousku a Dalmacii. Unikatni je
svoji podrobnosti, rozsahengonym i Gzemnim a
jednotnymi pravidly podle nichZ vznikal a které
ushadiuji porovnatelnost jeho wvystip i v
mezinarodnim kontextu. Velice cenny je preéizn
zpracovany mapovy operat, ze kterého doposud
jes€ vychazi 70% satasnych katastralnich map
(Pesl 2001), coz hovbza vSe. Pisemny operét je
bohaty na detailni historickogeografické data o
celém katastralnim Uzemi, jez by se dakadi¢ do
3 kategorii: Udaje o sidle a katastru, informace o
zenedélské vyrol® a vyuziti mdy, Udaje o
pramyslové vyrols, obchodu a Zivnostech.

Krajina Dolnich Kounic tak jak ji zachytil SK,
je krajinou na pelomu, stale se zde neprojevila
plné zentdélska revoluce v podab systému
stfidavého hospodstvi a dalSich intenzifikaich
opateni. Z pohledu m@myslu je tomu naopak,
pramyslova vyroba se zde jiz rozviji,
nejvyznamsjSim podniky je textilni tovarna a
cihelny, mésto je hospoddkym a obchodnim
centrem pro blizky region. Krajinné pokryvce
dominuje mozaika poli, vinic a pastvin, ktera
zejména na levdkZzni c¢asti katastru je velmi
drobna a pestra. Z mapového operatu je patrna
snaha o vyuziti kazdého mozného pozemku -
pastviny jsou v udolich vodatei na velmi strmych
svazich, neobhospoftevané #stavaji prakticky jen
holé skaly. Msto je determinovano reliéfem a
fekou, kterd hodi i vyznamow na jadro (centrum
mésta na pravémibhu) a periferii na levémibhu.
Spatné dopravni napojeni a poloha Dolnich Kounic
mimo hlavni obchodni cesty a Zeleznici vedla
v pozdjSi dok® k jeho stagnaci.
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Abstrakt

V tomto gispsvku jsou zkoumany zémy ve vyuzivani
krajiny v okrese Hodonin na zakkad starych
topografickych map z let 1836-1841, 1876, 1953-1955
1991 a 2002-2006. Byly kvantifikovany podily
jednotlivych kategorii vyuziti ploch za pomoci GIS,
identifikovany hlavni trendy a trajektorie #m
v krajiné, vymezena stabith a nestabild vyuzivana
Uzemi. Nej¢tSi zneény ve vyuziti krajiny zahrnuji
vyrazné snizeni ploch trvalych travnich potiogvySeni
ploch orné pdy, vinic a sad a postupny ust
zasta¥nych ploch. 46,6% zcelého Gzemiisialo
stabilrg vyuZivano. Stabilh vyuzivané plochy jsou
tvofeny pedevSim ornou {mou a lesem. Stabin
vyuzivany byly také &které vinice a velmi malé plochy
trvalych travnich poroét

Kli¢ova slova: vyuziti krajiny, topografické mapy,
stabilrg vyuzivané plochy, procesy Zm v krajirg,
okres Hodonin

1 Uvod

Pti sledovani dlouhodobych zm ve vyuziti krajiny
jsou uplatiovany izné metodické ifistupy, které jsou
zalozené na zpracovani statistickych datovych sdiibo
vyuzivaji historické literarni podklady a zdrojetdcké
a druzicové snimky, topografické mapyiesiniho
meéfitka a katastralni mapy velkéhatitka [5], [6].

Topografické mapy Btdniho ndfitka umouji
poloho¥ presné sledovani zn v krajiné od poloviny
19. stoleti. V ramci #édoevropského prostoru jsou
hojré¢ pouzivana rakouska, uherskd, pruskd a saska
vojenska mapovani. Origindly map rakouského a
uherského vojenského mapovani jsou uloZzeny ve Vidni
a Budapesti a jsouigdnitem zajmu odbornik ze
vSech nastupnickych zemi byvalého Rakouska-Uherska
[1], [3], [6]-

Na Uzemi okresu Hodonin bylo jiz zpracovano
nékolik studii zangfenych na zrny krajiny s vyuzitim
starych a satasnych topografickych map [2], [3], [4],
(8], [9]-
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2 Material a metodika

Hodnoceni zrén v krajing bylo provedeno na zaklad
dostupnych starych a stsnych topografickych map
s vyuzitim geografickych inforndaich systéri. Na
Uzemi okresu Hodonin bylo pouzito 2. rakouské
vojenské mapovani 1:28 800 (1836-1841), 3. rakouské
vojenské mapovani 1:25 000 (187@&gskoslovenské
vojenské topografické mapy 1:25 000 (1953-1955),
¢eskoslovenské vojenské topografické mapy 1:25 000
(1991), zékladni mapyCR 1:10 000 (2002-2006).
Vektorizaci &chto mapovych podklad vzniklo 5
zakladnich mapovych sad wvyuziti ploch v okrese
Hodonin. Sledovano bylo celkem 9 zakladnich katiégor
vyuziti ploch: 1 — ornaima, 2 — trvaly travni porost
(TTP), 3 — zahrada a sad, 4 — vinice a chmelnice, 5
les, 6 — vodni plocha, 7 — zasta& plocha, 8 —
rekre&ni plocha, 0 — ostatni plocha.

Za pomoci geografickych inforniaich systéra
(software Arc GIS 9.x) byly kvantifikovany podily
jednotlivych ploch vyuziti krajiny, vymezena statgila
nestabil@ vyuzivana Gzemi, popsany procesyémm
v krajiné pomoci trajektorii zn a zhodnocena celkova
intenzita znén v krajing. Metodiky tvorby map vyuziti
ploch a analyz zem v krajing vychazi z pistupu autai
brrénského pracovist Vyzkumného dstavu Silva
Taroucy pro krajinu a okrasné zahradnictvi, v.{6l,

[8].

Vhodnym ukazatelem dafpljicim charakteristiku
zmen v krajing je celkova intenzita zém vyuziti
krajiny, ktera byla podobnym #ipobem vyuzita napu
praci Olaha, Boltiziara, Petr@é@ [7], Skokanové [8],
Havlitcka, Borovce, Svobody [5]. Jednotlivym
kategoriim vyuziti ploch byla frazena hodnota
respektujici intenzitu vyuzivani krajiny lidskou
spole&nosti. Nejvyssi hodnota 5 byla fifazena
zasta¥énym plochAm a ostatnim plocham, vzniklym
antropogenni ¢innosti, hodnota 4 byla figazena
kategorii orna fida, hodnota 3 sad, vinicim,
rekre&nim plocham, hodnota 2 vodnim plocham a
trvalym travnim poros$im, hodnota 1 leésn. Celkova
intenzita vyuziti krajiny se rovna s&tu rozdil intenzit
mezi jednotlivymi mapovanymi obdobimi 1="{{%118%9)
(|1953_|187e) + (|1991_|1953 + (|2006_|1991). Vysledna hodnota
se pohybuje v rozmezi od -4 do 4. Kladné hodnoay 1
4 ukazuji na intenziwjSi zpisob vyuzivani krajiny
s maximalnim tlakem na krajinu u hodnoty 4. Zaporné
hodnoty od -4 do -1 ukazuji na extenzivnituzgb



vyuzivani krajiny lidskou spotmosti. Hodnota 0
charakterizuje vyvazené vyuzivani krajiny; jsou zde
zastoupeny plochy, které jsou stabBilnyuzivany a
plochy, v kterych byl v pibéhu sledovaného obdobi
zasah vedouci kintenzifikaci vyuziti krajiny vywiy
zasahem ogaym - extenzifikaci.

Trajektorie zmn vyuziti krajiny odrazi dynamiku
vyvoje krajiny. Trajektorie zgn v krajire vychazi
z metody vyuZzité v pracich [8] a [10]. Systematigky
zde identifikovano, které plochy jsou nachylné ke
zméndm vyuzivani. B popisu trajektorii zrén jsou
vyuzity ti identifikatory — pdet zn€n ve vyuziti,
podobnost a diverzita kategorii vyuziti krajiny. Na
zaklac téchto ti ukazatel bylo vymezeno 6
zakladnich skupin trajektorii zm v krajine — stabilni,
kvazistabilni, stupovita, cyklicka, dynamicka a bez
jednotného trendu.

3 Vymezeni Gzemi

Okres Hodonin je s@asti Jihomoravského kraje,
sklada se zefit obci s roz§enou pisobnosti - ORP
Hodonin, ORP Kyjov a ORP Veseli nad Moravou. Lezi
zde celkem 82 obci, z toho 8 mé statésta: Hodonin,
Veseli nad Moravou, Kyjov, Dufany, Straznice,
Vracov, Bzenec a Zdanice.id¥lada zde nizinny a
pahorkatinny reliéf, pouze jihovychodsasti a severni
¢asti okresu maji charakter vrchovirkjpadré hornatin.
Nachazi se zde celkem 7 geomorfologickych ielk
prevaznacast Uzemi pat do geomorfologickych cetk
Dolnomoravsky Uval a Kyjovska pahorkatina,
v jihovychodni ¢asti okresu na nizinny reliéf Gvalu
navazuji Vizovicka vrchovina a Bilé Karpaty, severn
gast okresu Hodonin t¥b geomorfologické celky
Zdanicky les, Cfiby a Literticka pahorkatina. Nejvy3si
bod okresu se nachazi v Bilych Karpatech v blizkost
rece Mora¥ u Mikulgic (158 m n. m.).

Mezi nejvyznamgyjSi fiéni toky okresu pat reka
Morava s levostrannym ffjokem Veltka, dale pak
Kyjovka a Trkmanka, které jsou sgsti povodi Dyje.
Okres Hodonin stadi mezi nejteplejsi a nejsussi okresy
v CR, piblizné polovina Gzemi p#it do nejteplejsi
klimatické oblasti, v pahorkatinach a vrchovinasoy
zastoupeny i mimh teplé oblasti a ve vrcholovych
¢astech Bilych  Karpat oblast chladnad. Wipim
pokryvu Hodoninska igvazuje Siroké spektrum
zenedélskych pid nad fidami lesnimi. Nejasgji jsou
zde zastoupensernozens acernice.

Vtomto regionu se nachazi jedno velkoploSné
chrargné UGzemi — Chrama krajinnd oblast Bilé
Karpaty, ti ptirodni parky — Zdanicky les, Straznické
Pomoravi, Mikuticky luh a celkem 37 maloploSnych
zvlase chrarnych Gzemi. Vrédmci mezinarodni
ochrany pirody je chratna evropskad biosféricka
rezervace UNESCO Bilé Karpaty. Nejrgwymezené
lokality s mezinarodni ochranou jsou &ésti soustavy
NATURA 2000 - ti ptati oblasti a 31 evropsky
vyznamnych lokalit.

85

4 Vysledky a diskuze

Prvni mapa vyuziti ploch byly vyt¥ena na zaklad2.
rakouského vojenského mapovani &itku 1:28 800,
v této oblasti bylo mapovani provedeno v letech6:83
1841. Orna mda zabirala 45,3 % Uzemi, je to nején
za celé sledované obdobi. Trvalé travni porosty bgl
svém maximu — zabiraly Gzemi 26,5 %, ¢asgji se
vyskytovaly v okoli vodnich tak Lesy se nachazely na
20,9 %, nejutSi souvislé plochy lesa byly sevérnd
Hodonina, ve Zdanickém lese, iffch a Bilych
Karpatech. Podil vini¢inil 3,6 %, jejich nejétSi plochy
byly v okoli Mugnic, Cejkovic, Dolnich Bojanovic,
Starého Poddvorova, Petrova, Bzence a Blatnicdnlo
plochy zabiraly pouze 0,7 %, byly zastoupeny rybni
soustavou na Kyjovce, PruSance, Trkmance aépam
velkym Cejskym jezerem. Zastané plochy zabiraly
2,2 % (Tab. 1).

Druhd mapa vyuZiti ploch byla vytiena na
podklad 3. rakouského vojenského mapovani z roku
1876 v nmgiitku 1:25 000. Byl zaznamenan vyrazny
narist ploch orné fdy (54,2 % Uzemi). U trvalych
travnich porost nastal vyrazny pokles podilu ploch na
16,8 %. K vyznamnému poklesu zastoupeni doSloudaké
vodnich ploch - pouze 0,06 % (Tab. 1). Zanikla tak
pomsrné velkd rybnéni soustava narece Kyjovka,
Cejeské jezero a rybtini soustava na potoce Prudéanka.
U 20,2 % ploch doSlo ke zm¢ ve vyuziti, 79,8 %
ploch Zistalo stabil§ vyuZivano. NejasgjSim typem
zmeny byl prechod z trvalych travnich pordstio orné
pudy (8,2 % z celého Uzemi), daléephod z TTP do
lesa (3,4 %), tedy procesy zé&mdlské intenzifikace a
zalegiovani. Za hlavni ficinu tchto vyraznych zgn
mizeme ozn&t zasadni zeny ve zpmisobu
zentdélského hospodeni, vysokou poptavku po
cukrové feps v tomto regionu a Uspnou metodu
zalesiovani tzv. Moravské Sahary.

Nasledujici mapa vyuziti ploch z roku 1953-1954
vznikla na zaklad ceskoslovenské  vojenské
topografické mapy v #fitku 1:25 000. Podil ornéady
nadale stoupal a dosahl svého maxima (57,35 %). U
trvalych travnich porost pokraoval vyrazny pokles
podilu ploch (8,8 %), louky se zachovaly pouze w&ni
feky Moravy a v Bilych Karpatech (Tab. 1). Doslo k
¢ast&énému obnoveni vodnich plochigglevsim ndece
Kyjovce. U 20,1 % ploch doSlo ke zm¢ ve vyuziti,
79,9 % ploch #stalo stabild vyuzivano. NejasgjSim
typem zngny byl prechod z trvalych travnich pordsto
orné pdy (7,2 % z celého Gzemi), daléephod z TTP
do lesa (1,7 %) afpchod z orné {my do zastagnych
ploch (1,7 %). K procésn zengdélské intenzifikace a
zalesiovani tak pistupuje vtomto obdobi i proces
urbanizace.

Ctvrtou mapovou sadou, ktera poslouZila pro
vymezeni ploch vyuziti krajiny, byl@&eskoslovenska
vojenska topograficka mapa zroku 1991. Podil orné
pady se snizil asi 0 6 % a dosahl hodnoty 51,1 % (Tab
1). U trvalych travnich porost nadale pokréoval
pokles podilu ploch a dosahl minima (6,6 %). Vygazn
se zvysil podil ploch vinic (5,2 %) a sad2,2 %).
Postups nariistal i podil zastasnych ploch (7,5 %). U



19,1 % ploch doslo ke zmé ve vyuziti, 80,9 % ploch
zistalo stabild vyuzivano. NejasgjSim typem zmny
byl prechod z orné {my do vinic (3,4 % z celého
Uzemi), pechod z trvalych travnich pordsdo orné
pudy (3,3 %) a pechod z orné j@y do zastaénych
ploch (2,8 %). V zewrdélské krajire okresu Hodonin
sehrala nejtlezitgjSi roli vtomto obdobi zeddglska
intenzifikace spojena se scelovanim pozémk
koncentraci zewuélské velkovyroby v zewdglskych
druzstvech a statnich statcich. V okrese Hodonin
probihala i urbanizace a industrializacéedevsim pak
v jeho nej¥tSich sidlech assném zazemi.

Pro tvorbu posledni paté mapy vyuziti ploch
v okrese Hodonin poslouZila Zakladni mapéR
v meéiitku 1:10 000 z let 2002—-2006 (n&tsine Gzemi z
roku 2003). Podil ornéiply zistal zachovan na stejné
arovni, dosahl hodnoty 50,6 % (Tab. 1). U trvalych
travnich porost doSlo poprvé k naéstu podilu ploch
(7,0 %), zejména diky obndviuk v oblasti Bilych
Karpat. Podil ploch vini€inil 4,0 %, u sad byl podil
2,4 %. Mir¢ nafistal podil zastainych ploch (7,7 %).

U 12,7 % ploch doSlo ke zmé ve vyuziti, 87,3 %
ploch Zistalo stabild vyuzivdno. Po roce 1989 se
v krajine Ceské republiky projevujéastji diive malo
béZné procesy - suburbanizace, ktera je vazana
piedevSim na &Si mesta a jejich okoli, a proces
zenedélské extenzifikace, jako tdledek obnovy a
rekultivace krajiny, fipadré hospod#eni v ekonomicky
malo prosperujicich zexdélskych  oblastech.
NejéastjSim typem zminy byl prechod z vinic do orné
pady. V tomto obdobi jest nebyl zaznamenéan trend
naristu ploch vinic souvisejici s legislativnimi
podminkami pi vstupu do Evropské unie. Tato mapova
sada spiSe zachycujéyodni trend poklesu ploch vinic
souvisejici s transformaci zeédslskych podnik a
jejich ¢asto €zkou ekonomickou situaci. V roce 2003
¢inila vymara vSech vinic Weské republice 11 825 ha,
v nasledujicich letech stoupala a vroce 2Qla
15 519 ha.

U 46,6 % Uzemi okresu Hodonin doSlo na z&klad
studia gti mapovych sad z let 1836 az 2006 kesmén
ve vyuzivani krajiny. 27,5 % Uzemi pidalo jednu
zmeénu ve vyuziti ploch, 13,5 % Gzemi demeény, 4,9
% Uzemi ti zmény a 0,8 % Uzemityti zmény. Nejvice
zmen prokhlo v €sné blizkostiek Morava a Kyjovka,

v SirSim zazemi #sta Hodonin, v okoli Rohatce a
Dubian, ale také na okrajovych svazich Zdanického
lesa a Bilych Karpat. 53,4 % Uzemi okresu Hodonin
zistalo stabild vyuzivano, Slo zejména o rozsahlé
plochy orné pdy (33 901 ha, 30,86 % z celého UGzemi)
zastoupené fpdevSim v nizinAch a pahorkatinach
(Dolnomoravsky Gval, Kyjovska pahorkatina, Vizovdck
vrchovina). Stabild byly vyuzivany také lesni
komplexy ve vrchovinach v severnicasti okresu
(Zdanicky les, Cfiby, Liter¢icka pahorkatina), dkteré
lesy v Bilych Karpatech, doubravy v okoli Hodonima
Bzence, a také ckteré ¢asti luzniho lesa v okoli
Mikul¢ic a Petrova (19 400 ha, 17,66 % z celého
Uzemi). Trvalé travni porosty byly na vSechtip

mapovych sadach zaznamenany na 2738 ha, tedy 2,49

% zcelého Uzemi. Jejich n&f§i zastoupeni je
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v oblasti Bilych Karpat, zbytekéthto ploch pak Ize
nalézt v blizkosti feky Moravy. Stabila zistala
vyuzivana také historicka jadraést a obci zahrnuta
v kategorii zastatné plochy (1 937 ha, 1,76 %), plochy
vinic ve vyznamnych virntakych obcich okresu
Hodonin (657 ha, 0,60 %). Zajimavosti tohoto region
je, ze Zstalo po celé sledované obdobi stabiln
vyuzivano jen 6 ha vodnich ploch a 3 haisad

Okres Hodonin ovSem neni z hlediska éam
v krajiné homogennim Gzemim, jsou vyrazné rozdily
mezi jednotlivymi geomorfologickymi celky okresu
(Tab. 2). Nejvice z#m ve vyuziti krajiny bylo
zaznamenano Vv zeulsky intenzive vyuZivaném
Dolnomoravském Gvalu (56,8 %), u 35,9 % ploch doSlo
k jedné zming ve vyuZiti krajiny, u 14,8 % ke dma
zménam. Ponarngé piekvapivé je zjidni, ze v podilu
zmeénénych ploch jsou na druhém nisBilé Karpaty
(zmeéna na 46,2% Uzemi). Zdetgina zn&n souvisi s
kategorii trvalych travnich pordst Friblizné stejny
podil zneénénych ploch vykazuje Kyjovska pahorkatina
a Literticka pahorkatina (43,2 % a 42,4 %), ovSem u
Kyjovské pahorkatiny je vySSi podil vicenasobnych
zmen v krajirg, coz je zfisobeno také vy$Sim podilem
vinic a sad, které jsou vramci katastruéine
piemig’ovany. Vyrazg méré zmen ve vyuziti ploch je
zaznamenano v severngasti okresu Hodonin
Zdanicky les (33,2 %), Liteficka pahorkatina (28,3 %)
a Chiby (21,9 %). Podil stabitnvyuzivanych ploch
v jednotlivych geomorfologickych celcich se #n&a
odliduje. Zatimco u Zdanického lesa aiiBh je wtsina
stabilrg vyuzivanych ploch v kategorii les, u Kyjovské
pahorkatiny a Vizovické pahorkatingtginu tvdai orna
pida. V Dolnomoravském uavalu je podil stabiln
vyuzivanych ploch lesa a ornédy vyvazeny. V Bilych
Karpatech se k stabéinvyuzivanym plocham lesa a
orné pdy fadi také rozsahlé aredly zdejSich typickych
luk.

Celkova intenzita z#n v krajiné v okrese Hodonin
meéla nejvyssi podil u vyvazeného trendu vyuziti (@2,4
%), ktery zahrnuje stabinvyuzivané plochy a plochy
s vyvazenym zfisobem vyuzivani (intenzifikai zasah
nahrazen extenzifikwim). Za celé sledované obdobi
pievazovala intenzifikace (23,40%) nad extenzifikaci
(14,18%).  Charakteristika celkové intenzity &m
v krajiné v geomorfologickych celcich okresu Hodonin
je vTab. 3. Pouze v Bilych Karpatech a fiBach
pievazovala extenzifikace nad intenzifikaci.

Vypocet trajektorii zrin v krajirg v okrese Hodonin
potvrdil, Ze nejvysSi zastoupeni maji stabilnieképrie
(53,37%), dale pak stiipvité (13,98%) a kvazistabilni
(13,51%). Trajektorie bez jednotného trendu byly na
9,28%, cyklické na 7,67 % a dynamické na 2,19%.
Trajektorie zmén v jednotlivych geomorfologickych
celcich okresu jsou popsany v Tab. 4.



Tab. 1: Vyvoj vyuZiti ploch v okrese Hodonin v letel836—2006 (v %)

Kategorie vyuZiti ploch 1836 -1841 1876 1953-1955 1991 2002-2006
orna p Gida 45,30 54,16 57,35 51,07 50,62
trvaly travni porost 26,51 16,80 8,76 6,55 6,98
zahrada a sad 0,88 0,43 1,53 2,21 2,44
vinice a chmelnice 3,55 3,08 2,24 5,21 3,95
les 20,87 22,99 24,97 26,38 27,19
vodni plocha 0,67 0,06 0,46 0,58 0,67
zastav éna plocha 2,21 2,46 4,53 7,52 7,66
rekrea €ni plocha 0,00 0,00 0,02 0,30 0,35
ostatni 0,00 0,02 0,13 0,19 0,14
Suma 100,00 100,00 100,00 100,00 100,00

Tab. 2: Podil p&tu znmen ve vyuZziti krajiny v letech 1836—2006 (v %) v gearfologickych celcich okresu Hodonin

Poéet zmén 0 1 2 3 4| Celkem | Plocha (ha)
Bilé Karpaty 53,75| 27,30| 13,47 4,67| 0,81| 100,00 18336
Dolnomoravsky Gval 43,22 | 35,87 | 14,76 545| 0,70| 100,00 33973
ChFiby 78,14| 951| 6,61 4,46 1,28 | 100,00 2211
Kyjovska pahorkatina 56,80 | 23,83 | 13,92 4,67 0,77 | 100,00 35458
Liten €icka pahorkatina 71,74| 16,55 9,06 2,26| 0,39| 100,00 417
Vizovicka vrchovina 57,59 | 28,78| 10,29 2,89| 0,46| 100,00 11696
Zdanicky les 66,81 | 11,82| 12,74 6,82 1,80| 100,00 7781

Tab. 3: Podil celkové intenzity vyuziti krajiny etéch 1836—-2006 (v %) v geomorfologickych celcikiesu Hodonin

Geomorfologicky celek vyvazeny trend intenzifikace extenzifikace

Bilé Karpaty 64,10 14,35 21,55
Dolnomoravsky aval 51,02 31,52 17,46
Chriby 84,16 4,89 10,96
Kyjovska pahorkatina 66,86 22,38 10,76
Liten €icka pahorkatina 77,92 17,17 491
Vizovicka vrchovina 65,12 28,14 6,74
Zdanicky les 76,94 12,52 10,53

Tab. 4: Podil trajektorii z&m ve vyuZiti krajiny v letech 1836-2006 (v %) v gearfologickych celcich okresu

Hodonin (BJT = bez jednotného trendu)

Trajektorie zm én BJT | cyklickd | dynamicka kvazistabilni | stabilni | stup Rovita
Bilé Karpaty 7,75 9,26 1,93 14,90 53,75 12,4
Dolnomoravsky Gval 12,32 6,10 2,49 16,17 43,22 19,70
Chriby 5,76 3,71 2,88 5,65 78,14 3,86
Kyjovské pahorkatina 8,58 8,72 2,06 12,30 56,80 11,54
Liten €icka pahorkatina 4,24 5,92 1,55 8,92 71,74 7,63
Vizovicka vrchovina 571 6,81 1,12 13,62 57,29 15,15
Zdénicky les 9,40 8,44 3,52 6,47 66,81 5,35
Hodonin existuji regionalni diferenciace &mv krajirg,
5 ZAaver jejich nejwtsi rozsah byl Zzaznamenan

Z hlediska vyuzivani krajiny Ize okres Hodonin
povazovat za krajinu s pammé velkym zastoupenim
zmgnénych ploch (46,6 % Uzemi). Od roku 1836 do
roku 2006 je alarmujici iedevSim Ubytek trvalych
travnich porosdt, které ndly pred 170 lety své ne§tsSi
zastoupeni v nivachifek a potok. Vramci okresu
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v Dolnomoravském uavalu, Bilych Karpatech, Kyjovské
pahorkatig a Vizovické vrchovig a souvisi s procesy
intenzifikace zermélstvi, urbanizace a obegn
s intenzivni antropogenginnosti v kraji. Za stabilw
vyuZivana GUzemi Ize povaZovat Zdanicky lesfiBha
Litencickou pahorkatinu.
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Abstract

Article is focused on constructing of regional achzme

in South Moravian Region, on process, which is by
current innovation strategy discourse increasingly
important. It considers potential of South Moravian
Region with emphasis on dynamic side of innovation
process (unpromped as well as forced creation wof ne
subjects, cooperation and networking). At the stime

it attempts to give a broader sight of impactsuaficing
the stage of regional innovation system resultirggnf
applying of existing innovation policy. Construdjimof
regional advantage in South Moravian Region is
understood as selective process, which bringsipesit
as well as negatives and structures activities and
strategies of subjects, which operate within itatey.

Keywords. regional advantage, competitiveness,
regional absorption capacity, regional innovation
system, knowledge base, related variety

1 Introduction

Increasing global competition which generates pmess
on national and regional economies raised the frered
supporting of their competitiveness through innmrat
activities. This is also very important part of @t EU
policies and fundings. Region is nowadays consilere
to be a space where innovation activities happehiman
the same time environment which is moreless
determinative for regional actors to exert innovasi
(e.g. Oughton, Landabaso, Morgan 2002; MacKinnon
2002). It is very important to differ between two
concepts — core and periphery. Knowledge and
innovation are related to the core, whilst ,perighes
what follows standardised forms of production, with
low added value and complexity (Komninos, 2008, 13)
Asheim and Gertler (2005, 291) assert that ,theemor
knowledge intensive the economic activity, the more
geographically clustered it tends to be“. Contelxtoa
this is Cooke and De Laurentis (20b2)ho argue that
cities, which can be considered as cores, are erage
JLwice as advantaged by their knowledge intesitgrov
towns and rural areas compared to their alreadstiagi
advantages from agglomeration economies”.

! In European Commission 2006, 40
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South Moravian Region is strongly divergent, camai
of Brno agglomeration as a strong national knowdedg
centre on the one side and rural surroundings en th
other. Application of regional innovation policy kes
this difference even wider. This article will trg took

on potentialities of alternative regional innovatio
policy model which gives attention to the role and
impact of the public sector in the economy of South
Moravia Region. This model is based on idea of
constructing regional advantage (European
Commission, 2006).

At the beginning of this article | will present a
conceptual frame, by introducing policy model of
creating regional advantage and concepts of related
variety and knowledge baseswhich are associated
with this model. This concepts stem mostly fronicéet
of Asheim, Boschma and Cooke Constructing regional
advantage: Platform policies based on related tyarie
and differentiated knowledge bases.

Then | whould like to have a closer look on current
situation of regional innovation system and asserdf
creating regional advantage model in South Moravian
Region. The last part of this article will try t&edch
future challenges for regional innovation developtne

2 Theory of constructing
regional advantage (CRA)

»The theory of constructed advantage allows for enor
attention to the role and impact of the public seéh
economy. It also highlights policy support, prefdya
in public-private partnerships, by acknowledgingato
greater extent the importance of institutional and
economic complementarities in knowledge economies
than do theories of comparative and competitive
advantage. Instead of market failure, the rationfde
policy intervention is the reduction of interactiam
connectivity deficits. A regional innovation syssem
approach, which is key to constructed advantages se
such deficits as the core problem of innovatiorthie
EU."

(European Commission, 2006, 12)

Key concept of regional innovation system (RIS) is
mostly understood as a combination of individual

2 Two other important concepts of creating regional
advantage theory, distributed knowledge networkk an
policy platforms, are not discussed in this article



actors (firms, universities, intermediate organoa,
research institutes, governmental institutions, &isb
buyers, sellers, suppliers, etc.) and their intéas and
relations with aim to generate innovations. Emp&ase
are in this concept put on:

- activities of firms as part of network of public
and private organisations generating new
technologies,

- linkages between organizations with flows of
intellectual resources,

- learning as a key economic resource.

Regional innovation system (RIS) should provide
such environment, which will give best conditioms f
stimulation of innovation creation. Andersson and
Karlsson (2004) argue that continuous product and
process innovations are prerequisites for sustinab
competitiveness  of regions. Regional policy
representatives should therefore find best ways of
supporting firms and remedy the market failure in
constantly changing conditions of global economy.
Precise appearance of regional innovation systesst (b
way it would look like) still have not been determd,
what is a fundamental problem of all types of stgddf
regional innovation systethsOne of the reason is
maybe in different characteristics of RIS in diffet
regions. There are big differences not only between
high-technology and specialized regions, but ofilo
between regions with similar structures (Andersson,
Karlsson, 2004). This corresponds to the argunteait t
there exists no one-size-fits-all recipe which dtiche
applicable for all regions, and also that therdaige
scale and developmental diversity between european
regions (European Commission, 2006).

Competetive advantage is not spontaneous. It eesult
from collective actions and various initiatives taple
helix’ organizations. Nevertheless, these initiatives for
collaborations are not mostly automatic and firreed
support to begin with cooperation with neigbourfing
or colocated knowledge creating organisation to
strengthen  their knowledge bases (European
Commission, 2006). This is a fundamental need of
firms, because as Penrose (1995, xvi-xvii) arguea ,,
firm’s rate of growth is limited by the growth of
knowledge within it, but a firm’s size by the extfuf]
administrative efficienty. As the generation of
knowledge and its exchange is one of the key factor
here, lets have a closer look on different knowéedg
bases. Knowledge bases are important for shaping of
innovation processes in firms and industries.

One of the crucial notions of theory creating
regional advantage are differentiated knowledgeedas

% de la Mothe and Paquet (1998) cited in Anderssuoh a
Karlsson (2004)

* Markusen (1999) cited by Doloreux (2004).

® For triple helix concept see e.g. Leydesdorff, krey
2006; Etzkowitz 2008.
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The innovation process of firms and industries is
strongly shaped by their specific knowledge basg an
theory of constructing regional advantage distisui
between three types of knowledge base: analytical,
synthetic and symbolic (Skokan, Rumpel, 2007).
Usefullness of these knowledge typean be different
for needs of specific firm. Vice versa firm neecdhtove
absorption competences for usage of this knowledge
base of innovation activity and is itself bearertiod
knowledge. Policy representatives should know
specifications of knowledge bases localised in the
region (mainly analytical)Science based (analytical)
knowledge is regarded by Laestadius (20@#& more
important for innovation and competitiveness omfr
than other two types. If these are three knowledge
bases moreless needed for innovation generatian, th
there should be add fourth dimension - region
supportive knowledge base. This concerns what
Lagendijk and Conford (2000) calls regional
development industry.

Mentioned knowledge bases needful for innovation
processes of firms should be extend with supportive
knowledge base. It represents information about
regional innovation system, understandings of
strengths and weaknesses of localised industry and
universities. Supportive knowledge base contaise al
identification of needs and opportunities that are
hidden in the region and are utilizable for reglona
actors (mainly firms), have awareness of absorption
capacity of region and other information needed for
support development.

This knowledge base should serve as an overview
of regional possibilities and potentials (or exsdrn
resources in innovation and learning process - byg
means of finding suitable partner) and is readyeo
exploited by firms. We can consider this as anraxdi
support of their activities oriented towards inntwa.
Bearer are mainly intermediary bodies or enlightene
people in university or governmental structures.
Supportive knowledge base is also important to cavoi
lock-in of the region. It gives an opportunity to
seasonable adaptation of regional path-dependent
trajectory. This, as whole supportive knowledgeebas
concept, has not yet had any empirical evidence and
should be therefore viewed as interesting ideachyhi
if proved and interconnected with other concepés ¢
help understand further circumstences within regjion
innovation system.

® For further specification of analytical, synthedicd
symbolic knowledge bases see e.g. European
Commission (2006).

" Laestadius (2007) cited in Asheim, Boschma, Cooke
(2007).



Analytical (science based)

Synthetic (engineering

based)

Symbolic (artistic based)

Supportive (agency based)

Developing new knowleddg

pplying or combining (in

Creating meaning, aesthe

Creating knowledge abo

about natural systems byovel ways) existingqualities, affect;know who |regional elements, relations

applying scientific lawg;knowledge know how critical and governance and heglp

know why specific knowledge; know
about (partially how)

Scientific knowledge,Problem-solving, inductive Creative process Investigative and incitpry

models, deductive custom production process,

Collaboration within anglinteractive learning withLearning-byeloing in studio| Learning by supporting,

between research units customers and suppliers | project teams

Strong codified knowledgdPartially codified Strong semiotic knowledd Partially codified knowledge

content

knowledge, strong tacitnes

scontent, some forms high

content

context-specific

Drug development Mechanical engineering

Advertising Regional development

Table 1: Differentiated knowledge bases: A typology
Source: Asheim, Boschma, Cooke 2007, edited bpauth

Another crucial notion of CRA is related variety. |
is defined as ,sectors that are related in termshafed
or complementary knowledge bases and competences*
(Asheim, Boschma, Cooke, 2007, 4) and it ,allows
higher absorptive capacity and more rapid diffusién
innovations among related user-producer commuhities
(European Commission, 2006, 14). There need td exis
cognitive  proximity, which  ensure effective
communication and interactive learning betweenaso
knowledge can spill over. Too much cognitive
proximity can be the cause of cognitive locR-in
Related variety can be secured by two main knovdedg
resources: internal and external. Asheim, Boschma,
Cooke (2007, 7) argue, that , a region might benefi
especially from extra-regional knowlegde when it
originates from sectors that are related or clbsenot
quite similar to the sectors present in the region.

The long term growth and development of regions
depends on their ability to diversify into new
applications and new sectors while building on rthei
current knowledge base and competehgs related
variety has systemic and intangible features, it is
almost impossible to copy or imitate new sectoet th
are strongly embedded in, and depend on region-
specific related variety* (Asheim, Boschma, Cooke
2007, 7)

8 Nooteboom (2000) cited in Asheim, Boschma, Cooke
(2007).

 Boschma (2004) cited in Asheim, Boschma, Cooke
(2007).
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3 CRAin South Moravian
Region

South Moravian Region was first region in Czech
Republic, which started with focused support of
innovation activities within its area. First Regabn
Innovation Strategy was created in 2002 with aim to
utilize internal regional strenghts and supportioeal
competitiveness by succesive creation of innovation
infrastructure for nascency of innovation milieudan
knowledge-based economy. Only recently there
occured changes in approach of innovation poliay. |
the beginning, focus was mainly on support of new
innovative companies and entrepreneurs in the megio
Regional Innovation Strategy 3 became more
interconnected with regional actors and tries to
establish new kind of policy based on personalaxist
with important regional researchers, R&D firms tars
with organised support of applied science, techyplo
transfer and resulting innovations.

Albeit progressive, present innovation system int8o
Moravia Region is still in developing stage.
Nevertheless, it is very advisable to make it sSnatde
from the beginning. Prerequisite for this is to wno
current limits of development. It means to use only
resources that we have possibilities and strenigihs

to keep alive existing activities in the long terfere

is one application of knowledge bases and related
variety concepts. To get awareness (for policy mgke
about first mentioned is a long-run process whiéh w
take a lot of efforts and arise with gaining more
experiences and higher level of systematizatiomiwit
creation of stronger and more effective regional



innovation system. Related variety is already
observable in R&D activities of some firms in the
region (see Figure 1).

Figure 1. Number of interdisciplinary overlaps in
R&D companies in South Moravian Region.

IT — Information Technologies,

ET — Electrotechnics ,

LS — Life Sciences

ST — Machinery, EN — Environmenta
technologies

TX — Textile industry.

Source: Addmek P., Csank P. et al. 2008.

Field research on companies from South Moravian

Region which is a part of Regional Innovation Stogt

3 showed that a lot of progressive firms in redgiave

their knowledge interdisciplinary overlapped. As

Adamek and Csank (2008) argue that ,companies that

build their competitive advantage around knowledbe

field boundaries are those having a greater chafice
generating innovations that are unique and hard to
imitate."

The recommendations of Adamek and Csank for South

Moravian regional innovation strategy towards

reinforcing of interdisciplinary overlaps (related

variety) in firms were:

- innovative enterprising database (knowledge about
firms  knowledges, problems, development
ambitions and successes)

- innovation networking (organising of meetings
between companies in various fields)

- innovation culture (support of this culture by
organising activities of various forms such as
publicity, competitions), declared political prityri
and realized support, innovation academies, field
innovation counseling, etc.)

- innovation internationalisation (organising a serie
of business missions/trips of selected companies
into selected locations, with emphasis on potential
of visited location to contribute and help firms to
advance to a higher level in creating added vajue b
such international cooperation.

In other words, regional development indu¥try
should be intensified, or if you want knowlege soqp

9 Term of Lagendijk and Conford (2000).

92

internal and external networking and support of
innovation culture should be provided by regional

intermediaries to reinforce interdisciplinary
overlappings in firms.
When talking about constructing regional

advantage in South Moravian region we can talk also
about creating of particular features of regional
innovation system. Brno agglomeration has diverdifi
structure of economy as well as institutional and
organizational base, what is necessary conditian fo
innovation performance, because as Asheim, Boschma
and Cooke (2007) argue, diversity is a trigger efvn
ideas, induces knowledge spillovers, and provides
valuable resources required for innovation. As baise

is growing thanks to preparing projects of largeR&
structures (centres of excellence — ICRC and CEITEC
regional R&D centres), it is supposed that Brnoehav
potential to become region of excellence in therkit
Figure 2 shows us five strategic priorities of imation
policy which support regional innovation system. It
also gives examples of supportive activities ofjguts,
which already exist, as well those, which are psagb
presently’and can better outline us part of present as
well as future regional innovation system of South
Moravia region.

For having a closer picture of the regional
innovation system of South Moravia region, we stoul
specify the most important actors, that are crgaind
influencing it. Let have a look on triple helix of
government, R&D institutions and firms.

Within government elemerifsthe most important
(beside national) are strategies of regional
governmental bodies, South Moravian Region
(Strategy of economic development of South Moravian
Region) and City of Brno (Strategy for Brno), which
have both strongly implemented support of research
and development, innovations, education and cneatio
of new high-tech branches. Fullflment of these
priorities  mirrors in  establishing specialized
implementing agencies. South Moravian Innovation
Centre is responsible for beginning innovation
companies support, creation of supportive innovatio
infrastructure and establishing technology transfer
system in the region. South Moravian Centre for
International Mobility provides assistence to human
resources, which are needful for the R&D activiiies
the region. Regional Development agency takes aare
foreigner investors in the region and supports
innovation culture (project of Science Museum).

R&D institutional element is represented by five
big public universities, Academy of Sciences arfteot
research centres is at the moment focused mainly on

1 Some of them are dependent on selection of superio
committees of Operational Programmes. They will
decide which projects will be assesed as best for
funding.

12 Komninos (2008) differs within regional innovation
system between elements, relations and governance



basic research, financed mostly from public budgets
Nevertheless situation (in the second best CR ng¢gio
has been changing thanks to centres of technology
transfer which are investing their efforts to suppo
applied science. Transfer of technologies from
universities to firms is now the most importantiatt

for several regional actors. It will be one of
fundamental activities also for research centres
CEITEC and International Clinical Research Centre,
which should strongly support development of reglion
innovation system in South Moravian Region.

Element of firms consists of approximately 300
innovative firms, from which 50 have really excelle
research and development. Cooperation and
partnerships  between firms, universities and
intermediaries is progressivelly deepen.

Nowadays infrastructures are still in process of
construction as well as are the relationships and
governance continually changing. It seems thatoregi
has all prerequisites to become knowledge-based and
excellent. It is still a challenge to build effeeti
regional innovation system as we know it from waste
regions.Komninos (2008) differs between four stages
of making the core of excellence. The starting p&n
the ,absence" of spatial competitive advantage thase
on regional system of innovation. Enterprise refty o
their own internal capabilities for innovation ctiea.

The regional environment does not contribute tdrthe
innovation capability. Second stage is represebtged
.clusters“ within which companies develop local
networks and obtain knowledge and innovation
capacity  from associated enterprises  and
organisations.Third stage is called ,multi-cluster
regional systems" within which industrial districdsd
islands of research and technology tend to come
together in a wider regional system of instituti@ml
partnership networks. South Moravian regional
innovation system looks like have most common, with
this stage, although has currently only embriomd a
low intensity profile, in the future this can be deb
stage to which it will have the closest. The last i
».going global“ stage which could be characterisgd b
innovative clusters and agglomerations, institudion
mechanisms and digital spaces and which intertwined
and generate multi-level innovation system which is
labeled by Komninos as ,intelligent city/region“.
Characterisation and possible classification of tBou
Moravian regional innovation system needs to be
subject of further analyses.

“We cannot predict the emergence of innovation
and consequently manage it, but we can create
environments within which innovation is generated”
(Komninos, 2008, 1). Radical innovations needsebett
supportive environments.

Strategic
priorities to
support a
regional
system of
innovation

/" Two university TT
offices — MU, BUT;
TT Point — regional
coordination of TT

officies (application),

Innovation vouchers

Operational
Programme R&D for
innovations — 40 %
of applications came
from SMR, ICRC
project, CEITEC
project

v

/ Activities of SMIC
(e.g. Innovation
Academy) and

SMCIM (university

internationalization,

support of incoming
researchers)

( Advance (Strengthen ( Improve (Offer risk and ( Advance
R&D technology intra- start-up market and
capability transfer company funds to technology
capability innovation innovation watch
capability

« " )

[ Insufficient — only
indirect throug
external experts

//Microloans, Patent
and license fund,
contacts to venture
capital,

v

Figure 2: Innovation policy adapted to regional systemsneoioivation with examples of activities in South Muaia

Region. Source: Komninos (2008), edited by autor.
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4 Future challenges for regional
innovation development

There are lot of questions concerning the consomict
of regional advantage that have not yet been askdd
responded. The discourse that entails the prirgipfe
CRA is mostly positive, discusses the advantagels an
is almost blind to the shortcomings that go hand in
hand. Not denying all the positives that | mentine
this article, the further researches should focuas o
usage of this theory in rural and perifery areag. B
these, innovation development originate from défer
approaches, which are then altered to differend kifh
specialized policies. An interesting example of
successful innovation policies in rural areas can b
found in West Wales (see Cooke 2006). Concept of
related variety have been used here and regiomimeco
successfull by bringing together number of not very
related sectors in innovative synthesis (Asheim,
Boschma, Cooke 2007). Utilization of advantages of
rural environment, even if not so big as in theecab
cities, is the way to improve economy and come up
with sustainable development of this areas.

Another way of possible availing of CRA theory abul

be its application on concept of intelligent city.

Concept of intelligent city (Komninos 2008, 1)

Jsepresents ,third generation* strategy for making

environments of innovation (after innovative cluste

and regional systems of innovation)“. Komninos @00

19) defines two key factors in intelligent cities:

- the local or regional innovation system which
guides the development of knowledge and
technologies to organisations in the area (busjness
universities, technology centres, incubators, etc.)

- the digital information and knowledge management
environment, which enhances the provision of
information, communication, decision-making,
technology transfer, and cooperation for innovation
easier."

Whether there is a potential to use this concept fo

regional development in South Moravia or otheroagi

in Czech Republic is a question which needs further

analysis.
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Environmental benefits of allotment garden colonies

for big-city and its inhabitants
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of landscape itself and every part of it is docutedn
in European landscape convention (Florence, 200%.
Abstract convention emphasizes the necessity of considerate

o ) dealing with landscape and the purpose of participa
The urbanization has been changing |andscape planning.

the landscape around us very quickly. Cities haaenb Various approaches to landscape, its multiple
growing in both horizontal and vertical direction$he meanings reminds Antrop (2006). He claims that the

outside the cities - has been changing due to W8rio |andscape character and sense of place. Traditional
aspects arising from needs and feasibilities of landscapes become fragmented and are gradually
contemporary society. Allotment garden colonies are yepjaced by new ones. He accented demands on
a significant part of urban landscape in many @ntr transdisciplinary cooperation.

European cities. For the city and its inhabitarfteyt If we want to perceive ACG as a part of (sub)urban
constitute urban vegetation, public space and dgiy  |andscape, we have to look for a broader theotetica
zones for other usage. The question to consideh&  framework in land-use of city landscape and itshgless,
environmental, social and economic value they BT® iy man'’s intervention into his/her environment aitsd

for the cities” environment. There is need to draw jmpacts. Man uses landscape in his/her surroundimgs

a conclusion on how to deal with such areas. il t  yarious ways. He/she lives there, works there and
garden colonies be preserved, changed partially orrejaxes there. By land-use of landscape we undetsta
totally? For this purpose it is necessary to am@aly®e 3 particular manifestation of man'’s activity in spaand
historical aspects of their development and to @®p  time. This manifestation includes in itself certain
this situation with the situation abroad. Changihgm historic, economic, social and cultural potentiaida
impetuously into fully built-up areas could lead to represents a compromise between natural givenrfess o
undesirable increase in environmental risks in $eage the area, technical possibilities and human knogéed

resulting in decrease of environment quality. (Zigrai, 1995). The contemporary landscape is then
aresult of mutual operation of abiotic, biotic and

1 Introduction — Theoretical socioeconomic spheres. A town-dweller uses landscap
for gardening or cabining to weaken the deficienty

resources the country way of life.

Allotment garden colonies (further only as AGC) As ACG are predominantly located in urban and

represent a specific way of using landscape. Thesuburban landscape, it is necessary to start from

multiplicity of their functions suggests describittem  knowledge of urban ecology when studying this stibje

as ‘“multifunctional”. They have a significant matter (Sukopp, 1990; Marzluff et al., 2008). Even
environmental, social and economic importance. Shat many Czech and Slovak geographers, landscape
why is necessary to use a wide range of scholarly ecologists and environmentalists deal with the Jasel
literature, from landscape ecology to human gedyrap Of landscape and its changes. The theoretic basis i
up to urbanism, landscape and land-use planning. given for example by Zigrai (1983, 1995). Bicilo(®),
Many architects (Auboeck, 1972, Vanicek, Tuzinska, Lipsky (2000), Supuka (2004) and others deal with
1979), geographers (Vagner, 2004), environmengalist long-term changes in utilization of landscape.
(Hoskova et al., 2008) and sociologists (Boudn&,4)9 Blank un-built areas in city centres and its
dealt with AGC, with their appearance and their surroundings is rather an exceptional event. D&t
functions. Besides that there is a lot of literatdealing ~ and investors, naturally, seek for such places &kem
with ACG only marginally. These are works dealing use of them in a most possible profitable way (gimog
with the topic of urban vegetation, city and sutarb  centres, blocks of flats etc.), i.e. sites withrarsg share
pastime as their main topic. ACG play a part evgn b of built-up area. Built-up area belongs to one efais
creating master plans. For this reason the citmio threats for urban land. Soil sealing is a curremtd,
had a “General of gardens” (1982) and “An evaluatio Which can be documented in works of Burghardt (3006
of allotment gardens localities on the area of Bneo Feller (2006), Hillel (2008), Wessolek (2008) ancie
city” (Ageris, 2006) elaborated. in the report of the European Commission (2006e Th
ACG are an important part of (sub)urbanized boosting threat of soil sealing should be a warning
landscape regarding their surface. The importance
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signal against surface change of AGC into anothey w
of land-use.

2 Allotment garden colonies in a

City
Gardening by itself became one of the Central Eesap
phenomena. People living in big cities were seaghi
for a way how to spend their spare time. The nemnto
dwellers coming from country were missing direct
contact to the countryside and a possibility tarfahe
land. Garden towns were designed in Great Britathe
turn of 19" and 28 century by Howard (Hall, 2002).
Schreber’'s gardens were created in Germany so tha
families could spend their free time together.

Later, especially during long communistic period
people did not have many opportunities. Bordersewer
closed, quality of housing (small flats in paneubes)
was very low, cottages in countryside expensive and
markets were almost empty. Allotment garden colnie
served as resource of fruit and vegetable, placedi-
fulfilment and recreation and as an important part
urban green areas.

Allotment garden colonies make up nowadays
avast proportion of urban landscape. For example,

The chain operation: The driving force of processes
that pressure the environment have caused changes
the state of environment which bring about an inhjpac
one's health, biodiversity, the function of ectsyss,
and the like, which leads to a formation of various
measurements and instruments for elimination, or
remedy of damage to the environment, i.e. response.
Following DPSIR was made by the example of Brno,
Czech Republic.

Driving forces

The initial driving forces that led to setting upG&
were social and ecological development factors
(Germany — Schreber: family gardens; Great Britain
Howard: garden towns). Country people were coming t
towns in the times of urban development and AGCewer
thus offering social space and a piece of natusétic¢l
signals (the communist era) became a strong impetus
AGC competed successfully with cottages and cabins;
they gave inhabitants at least a partial feeling of
freedom. Even the city environment itself forces it
inhabitants to search for green areas to relaxchwrs
what AGC offer to various age groups (children play
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in Brno, with its 1 282 ha, they take up 6 % of tity's
main area. The area of allotment garden colonies ha
undergone certain development during its almost- two
hundred-year history and it has changed its appeara
and functions. Even the relationships of garderers
their allotments are completely different. The eityuld

like to use major parts of these areas for othestem
profitable reasons. Therefore, this topic is being
discussed these days and it is important to detl this
subject in a matter-of-fact and comprehensive way.

2.1 Importance of allotment garden

colonies for big city environment

R/Vhen considering the importance of allotment garden

colonies, all parties should ask the question ofatwh
influence AGC have upon the city environment. The
DPSIR analysis, principles of which were elaboraiad
the basis of methodological principles of the OE&
the EEA (European Environmental Agency), may help

when thinking about this problem. Thanks to paféicu

indicators, this causal-consequential chain (Fig. 1
depicts the condition of the environment in relatio
other elements of landscape sphere and the human
factor.

The elements of DPSIR chain:
D — driving forces

P — pressure

S — state

| — impact

R — response

there, adults use their free time for active orspas
relaxation and so on). Pensioners have often dpedlo
strong emotional ties to their garden in such anCAG
and they have got used to their gardens. Many garde
users find it luxurious — in a town landscape -btid
something, to grow something by them. Some of them
grow fruits and vegetables because they want ® liv
healthy and they want to know the conditions they a
grown in. Another driving force to own a piece ahdl

in AGC has recently become speculation in allotment
The prices of gardens in AGC that are in the clgnp
designated for development, has risen.

Pressure

The property users in AGC have burdened the
environment with their activities. It is howevernimal

in comparison to the possible surface developmesa a

of this land. If an AGC is prohibited and the pabik
banned from there, then it becomes a barrier to the
landscape. Pressure on the environment is brought
about by still larger built-up areas (especiallyetation

to converting them to permanent residency). The
number of cottages has increased, along with houses



pavements, pools and so on. The risk has alsoasett
by the amount and by the types of artificially skigxb
energy, by the production of waste and by the watso
disposal (burning, “scrap-heaps behind fences”).

State

As was mentioned above, the total area of AGC imoBr
approximates to 1282 ha. AGC are spread out evenly
and that they create quite an extensive net. Butave
encounter deserted allotments in almost every AGC.
Their either being closed or open to the publickedly
influences views of the environmental condition.eTh
impenetrability of AGC turns the urban vegetatiotoi

a landscape barrier. AGC physically differ, whidsoca
brings about various aesthetic impressions.
Nevertheless, they still remain a part of our aeltu

I mpact
Most of the negative impacts have already been
mentioned in a way. One of them is the abandoned
allotments that have lost their meaning, originaddtion
as well as significance. Such places attract uralgsis,
new wilderness establishments, invasive species of
plants spread and so on. On the other hand, exypgerie
and research have repeatedly confirmed the fadt tha
urban vegetation fulfils social, ecological, envingental
and urban functions (Rehackova, Pauditsova, 2006).
From the point of view of city environment, the exsal
functions of all kinds of city vegetation in urban
landscape are similar. Such city vegetation fslfil
hygienic functions (cutting down the amount of BQis
dust, content of microorganisms in the air; dust
spreading prevention, protection against sun glare)
bioclimatic function (the influence on the temperat
air movement and humidity) and soil protective
functions (cutting down on erosive processes and
runoff).

There are many positive impacts on the city
environment. AGC give also shelter to birds, regstil
and amphibians.

Response

Several necessary measures follow from the above

mentioned steps of analysis:

» To save green and functional areas in cities

* Not to abuse environmentally significant areas

» for long-term developed areas as the former make
up important reserves for future generations

 To suit these areas to the demands of modern
society

e To solve the issue of abandoned allotments (partial
transformation) and closed colonies

» Then to consider a possibility of using brownfields
for built-up areas

e To set these
documentation

measures in ground plan
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2.2 Allotment garden colonies, city
and threats

Areas located in the vicinity of the city centrettwiow
share of built-up area and high share of city vetimt
interest many investors whose intentions with tiverg
sites are different from their original appearance.
However, for its quality environment the city
necessarily needs sufficient amount of green areas.
Permanently built-up areas have lots of negatipects

for its surroundings. Soil sealing comes amongst th
most distinct threats for soil.

There are many different definitions of soil seglin
in scholarly literature. The serious and esseikigg,
however, is that it comes to separation of pedagphe
from atmosphere and surface biosphere (Berlekamp,
Pranzas, 1992, In Burghardt, 2006). The soil iscoed
with layers of impermeable material, or the natural
character of soil is changed in such a way thatstiie
itself becomes impermeable and is thus unable to
perform many of its functions. Many researches
concentrate on the negative aspects of soil sealing
Naturally, soil sealing has an impact upon urban
climate, soil properties, water movements etcotes
to the soil loss by excavating, to the loss ofilfgrt to
the loss of both fauna and flora. The habitat inaged
by so called landscape cutting. The surface runoff,
expenses on environmental improvement owing to
broadening of thermic island, dust presence and the
like, increase. Life space of low environmental lgya
is thus created. On the other hand, the built-igasr
bring advantages regarding all human activities
(Burghardt, 2006).

AGC still belong to surfaces with low level of kil
up area. This fact is proved by following table iflea
1). AGC with their one-third share of built-up area
come amongst surfaces which are classified by low
level of soil sealing.

Even results of field research carried out in V&nn
in the middle of 2008 correspond to these dataveifle
randomly selected AGC — located on the Vienna area
were evaluated. Several typical representatives fro
every AGC were chosen, in which calculations on the
basis of MCA were carried out. Individual objects i
AGC create built-up area of 15 % of total surfadet a
single chosen AGC exceeded one-third built-up area
(Table 2).

Soil represents a limited natural source which oann
be renewed in the time horizon of human life
(Burghardt, 2006). Every free piece of land shoogd
protected and used only in a prudent way. AGC eeith
used for floricultural purposes, recreation or fiyi
come amongst surfaces with low or very low share of
built-up area.



Table 1: Sorts of urban land-use and levels ofeseabils documented on the example of the town ittiewWin

Germany and classification of its levels.

Land-usetype Sealed surface (%) Level
Public vegetation, public gardens 0-20 very low
Villa districts 20-40 low
AGC 20-40 low
Individual houses 40-60 middle
Estate housing 50-70 middle
Terraced houses 60-80 high
Industrial and commercial premises 70-100 high
Open block housing 70-90 high
Closed block housing 80-100 very high
Streets, car parks and adjacent vegetatior 80-100 ery high
Sports grounds 80-100 very high

Modified according to: Clever, Korndorfer (1991 )uighardt (1993); Bockner (1985), In Burghardt (2006

Table 2: The extent of built-up areas in chosen AG¥ienna in 2008.

ACG Built up-area [%]

Am Ameisbach 32,71

Garten- und Tierfreunde am Laaerberg 32,82

Gartenfreunde Ottakring 20,79

Gartenfreunde XII 30,18

Gross Jedlersdorf 13,47

Hackenberg 27,67

Ob der Als 17,87

Obstfreunde 15,45

Simmeringer Haide 23,59

Wasserwiese 25,78

Zukunft auf der Schmelz 15,19

Avarage 23,23

Source: field research

) [3] Boudna, R Cabining and garden

3 Conclusion recreation, comparative study to the

If it comes to the dissolution of AGC, they
should be replaced by at least environmentally
equivalent areas. Loss of any kind of urban
vegetation surely bears an increase in
environmental risks. If the areas of AGC turn into
something else, some other kind of vegetation
should be considered first. In case of building
objects serving permanent residency, ecological
living should be contemplated, ideally with houses
surrounded by green areas, let's say “a greendslan
town” in a city.
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Agroruralni struktura  CR pohledem plateb a podpor

poskytovanych v ramci Spole €né zemédélskée politiky
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Abstrakt

Souwasn&eska krajina je jiz &kolik tisicileti vyznams
ovliviovana lidskou  ¢innosti. Zensdelstvi
predstavovalo v minulosti hlavni faktorétginy zmén
vkrajine a i vsodasnosti je jejich vyznamnym
Cinitelem a vyraznym zjsobem ovliviuje podobu
Ceské krajiny (zachova ji). Nwsi struktura
zemedgIskych subjeki v prostoruCeské republiky je
obtizré uchopitelna, neltb soubor relevantnich dat
odrazejici sotasnou agrorurdlni strukturu na nizsi, nez
okresni Urovni, je nedostétey. Fredkladany pispivek
ukazuje moznosti vyuziti seznamiiijpmal podpor a
plateb vramci Spotmé zemidelské politiky
administrované Statnim zeédglskym fondem (SZIF),
coby alternativniho a dofaljiciho zdroje dat,
poskytujici zakladni iedstavu o saiasné agrorurélni
strukture az do obecni Gro¥n

Kli¢ovd slova: Agrorurdlni struktura, Spaled
zemedslska politika, zemadélstvi, Ceska republika,
podpory a platby, SAPS, SZIF

1 Uvod

Zemedélstvi se jiz po vkolik tisicileti vyznamg podili
na vzhledu krajiny a jejiho vyuziti. Zatimco jejelw
minulosti oznait za jednoho z hlavnich aktéryrazné
dynamiky zmén v krajirt, v sowasnosti jiz Ize
zenedélstvi chapat jako prostdek stability, ,,udrzbig"
a ochrance kulturni krajiny, nebok vyznamgjSim
zmegndm ve vyuziti krajiny (landuse) zedglskou
dinnosti iliS nedochazi. Naopak stale dominasin
pozici v promné d&eské krajiny ma iedevSim
pokratujici suburbanizace a dezurbanizace, vystavba
dopravni infrastruktury, alanské vybavenosti a rozvoj
pramyslovych zon.

| pfestoze v satasnosti v zerdélstvi nepracuje ani
5 % zamdstnanych osol’R, pro rékteré oblasti statu
predstavuje stale uezitou Ulohu poskytovatele
pracovnich flezitosti. A jiz v podol# sezonnichgi

.....

celoranich praci, vydlku na hlavnici vedlejSi¢innost -

1105996 @mail.muni.cz
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v podniku pravnickych osob (PPQ@) jako soukror
hospodéci rolnik (podnik fyzickych osob - PFO).
Soubor subjekt hospodécich na zerdélské pidé Ize
charakterizovat jako agrorurdlni struktury a daée j
segmentovat podle zvolenych zfalknalyzou nasledn
mizeme ziskat poznatky o igobu obdlavani krajiny,
jednotlivé Uloze podnik pravnickych osob a soukr@m
hospodécich rolniki, rozlisit velikostni poréry farem

a identifikovat diference v rameleské republiky. Na
zaklad takto zjiStnych poznatk Ize interpretovat
jednotlivé regionalni rozdily v zesdelské vyrokk

v Ceské republice s ohledem na odli§nou strukturu
vlastnickych ponsri zengdélskych subjeki v regionu a
pokusit se analyzovat miru zavislosti vybrané
charakteristiky na charakteru agroruralnich struktu

2 Literatura a zdroje dat

Informace o agroruralnich strukturach poskytujienej
oficialni statistické zdroje dat, ale tak&da odbornych
védeckych praci, tajiz geografi ¢i ekonomi, kteri se
vénuji zejména problematice zéd¥lstvi a rozvoje
venkova. Nize jsou uvedeni alegpaekteri autdi
podavajici wity pohled naieSené téma a dale jsou
rozvedeny zdroje vyuzitelnych kvantitativnich dat
z jednotlivych Seéeni a cens v zengdélstvi.

2.1 Literatura

Zakladni  organizaci zefdélské  vyroby dle
vlastnickych vztah a charakteru ze#délskych
subjekfi v CR vénuje pozornostada geograf Zejména
v spol&éenském transforntaim obdobi dochéazelo
k vyznamnym prornamceského zewdélstvi a zngng
vlastnickych vztah vtomto sektoru. Z mnoha
odbornych geografickych praci na toto téma Ize #min
publikaci autoi V. Jarkaka a A. Gotze (1997)
zabyvajici se Uzemni diferenciaci vyvojgeského
zenedélstvi po roce 1990 do Urowrokredi. V. Jagak
spolu s I. Btikem v roce 2005 vydali jeSfednu préaci
vénujici se transforn@mim procedm vcieském
zentdéIstvi. Transformacteského zewdélstvi a
zméndm ve vlastnickych potnech se sousta¥n



zabyval A. \&znik (1995, 2004). Studiu agroruralnich
struktur je zacilena pozornost i slovenskymi autory
nap. P. SpiSiak (2005).

Od vstupuCeské republiky do Evropské unie je
zajem odbornik a wdci vénovan pedevsim dopadn
Spol&né zemideélské politiky (SZP) na ceské
zen®délstvi, a to i z pohledu zém ve vlastnickych
pomsrech zemdélskych subjekd, finargnich toka
smefujicich do zermsd@lstvi, instituciondlni formy
podpory a problematice velikosti farem
v celoevropském srovnani. Zajimavym vystupem je
zprava podana A. &nikem (2005), coby vedouciho
reSitelského  kolektivu, zabyvajici se @mami
agrorurdlnich struktur v regionu NUTS 2 Jihovychod
v ndvaznosti na dopady strukturalnich fonBU na
restrukturalizaci ¢eského zewgdélstvi a venkova.
Dopady Spoléné zemddglské politiky na regiony EU se
zabyvaji M. Shucksmith, K. J. Thompson, D. Roberts
(2005).

Z rad zemidélskych ekonon Ize zminit publikace a
prispvky V. Betvarové (2008a, 2008b) analyzujici
tlohu pgimych plateb vevropském zeédglstvi a
celkovy vyvoj ¢eského zewuélstvi s ohledem na
zapojeni CR do struktur Evropské unie. Aktualni
otazkou velikosti zemuélskych farem \Ceské
republice a komparaci s ostatnimi staty EU v ndestin
na budouci podobu zeEiské politiky EU se zabyva I.
Zdrahal (2008).

2.2 Statistické zdroje dat

Jako primarni zdroj dat umidjici pohled na celkovou
strukturu zensdélskych subjeki ¢innych v jednotlivych
regionech (do drovn okredi) Ize ozngit celostatni
stitani Agrocenzuskonané v letech 1995 a 2000 a od
roku 2003 pravidek uskut&nované Strukturalni
Sefeni v zerdélstvi. Vzajemna srovnatelnost vysladk
vySe zmignych Seteni je omezena a limitovana
rozdilnou metodikou vyuZzivanouhem sitani.

Vyznamrgé rozdilny metodicky fistup zkreslujici
vysledky za Gelem zhodnoceni dynamiky agroruralnich
struktur se objevil v censech pro roky 1995 a 2000.
Zatimco vroce 1995 bhyla prahovd hodnota
zpravodajské jednotky (tj. zexaslské jednotky Séené
stitanim) nastavena na 3 ha zekiské pidy, v roce
2000 se tato hodnota sniZila na 1 ha, coZémena
ovlivnilo dosazené vysledky a moznou interpretaci.
V disledku této skutmosti doslo vroce 2000
k vyznamnému ndéstu podnik fyzickych osob,
zatimco podnilk pravnickych osob se tato #Zma
metodiky vyznaméi nedotkla, nebt obeci hospod#
na vyrazg vyssich vyndrach zendélské pidy.

Od roku 2003 je hlavnim zdrojem dat a informaci o

celkovém rozmru ceského zewdélstvi do Urovi
okresi Strukturalni Seteni v zerdélstvi, které se
provadi v dvouletém cyklu t. dalSi Beti byla

uskut&néna v roce 2005, 2007. $ehi za rok 2009
praw probiha a jeho vysledky byéhy byt zvaejnény
v roce 2010. Toto Sini se provadi na zakkadaizeni
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komise EU a je povinné pro vSechtignské staty. Data
Seteni jednotlivych stdit zpracovava Evropsky
statisticky iad (EUROSTAT) a vysledky vydava
v publikaci Statistic in focus — Farm Structures Survey
Seteni se tykd subjekt které spiuji nékterou z
nasledujicich prahovych hodnot Zp§ani:

e obhospodalji alespa 1 ha obhospodavané

zenedélské pidy vlastni nebo pronajaté,

nebo 1 500 mintenzivnich ploch (sady, zelenina,

kvétiny), nebo 1 000 Awinic, nebo 300 M

skleniki a p&eni¥’,

» nebo chov alespinl kusu skotu, nebo 2 kius
prasat, nebo 4 kiikoz a ovci, nebo chov 50 kus
dribeZe, nebo 100 kaskralikd nebo kozeSinovych
zvirat.

Obsahem S&tni jsou jak Udaje o vyie a vyuziti
obhospod#ované [idy a stavech hospoitkych zvfat,
tak i o pdtu a struktie pracovnil, o zengdélskych
strojich a z#izenich a dalSi informace, jako je hap
ekologické hospodani, nezerdélské cinnosti pro
rozvoj venkova apod. Do %enhi je zahrnuto zhruba
70 % evidovanych zpravodajskych jednotek.
Podnikatelské subjekty (pravnické i fyzické osolsy)
velkym rozsahem ze#délské vyroby podléhaji
zjisStovani ploss. Podniky fyzickych osob s malym
rozsahem vyroby a drobni soukrémospod&ci rolnici
jsou Seteni ve vybranych 4 514 obciclteské
republiky’.

Za nevyhody tohoto Semni z hlediska vyuZiti dat
pro analyzu agroruralnich struktur Ize povazovat
chybsjici ¢asova obdobi, hrubou Gzemni strukturu
umoziujici pouze analyzu do Udrovni okfgs
nepostihnuti &kterych zemdélsky ¢innych podnik,
nasledné mozné nigsnosti zpsobené doptiem Udaj
za chyljici jednotky a absence dat ukazujici fitiain
podpory a platby s#iujici do zemidélského sektoru.
Pfitom pra¥ tyto platby a podpory v séasnosti
piedstavuji  vyznamny  zdroj fpma  ¢eskych
zenedélskych podnik a viadk pripadi se ukazuji jako
klicové v zajis&ni finartni stability subjektu a jeho
dalsiho fisobeni v zewdélském sektoru (KONENY,

0., 2008).

Tyto omezeni se naopak netykaji vyuZziti databaze
piijemal podpor a plateb v ramci Spote zemsdélské
politiky spravované SZIF, coby alternativniho a
dopliujiciho zdroje kvySe uvedenym statistickym
Setenim. Zmisob vyuZiti databaze, jeho vyhody a
limity, a priklad mozného vystupu zobrazujici vybranou
charakteristiku agroruralni struktu@R jsou uvedeny a
diskutovany v nasledujicich kapitolactigpsvku.

2 7droj: Cesky statisticky fad. Strukturalni $eteni v
zengdélstvi - ZEM 2007[on-line]



3 Vyuziti seznamu p Fijemca
plateb a podpor v rdmci SZP

Zeméddlské subjekty WCR maji v sodasnosti Siroké
moznosti vyuziti podpor a ,kompengdch plateb”
vramci Spoléné zenddélské politiky platné pro
vSechnyélenské staty Evropské unie. Nad ramaghto
plateb mohou déale vyuzit podpory stanovetiéte
zemedélskou politikou Ceské republiky. Tyto platby
v8ak museji byt v soulady s celkovymi nastavenimi a
programovymi opdeni SZP.

V ramci SZP Ize rozeznat 3 zakladni typy plateb:

» Platby na spolséa organizaci trhu (SOT)

»  Ptimé platby

e Platby v ramci Programu rozvoje venkova
(projektova a neprojektova openi)

Do piimych plateb jefazena platba SAPS (Single
area payment scheme) a narodni dlegVa platba TOP-

UP. Zejména platba SAPS je vhodna kanalyze °

vybranych charakteristik agroruralnich strukturizenje
této platlk vénovano vice prostoru. Vyznamny
vypovidaci prostorovy aspekt maji také kompeénza
platby vramci neprojektovych opgehi Programu
rozvoje venkova. Jedna setedevSim o platby
kompenzujici méh pfiznivé  podminky  pro
zentdélskoucinnost (LFA platby — Less favoured area)
a platby na agroenvironmentalni apati (AEO)
podporujici zerédélstvi Setrné k Zivotnimu prasdi a
prirodé. Tyto platby jsou obdokinjako platba SAPS
vztazeny na celkovou obhosp@d@anou plochu, coz
lze povazovat za nejvyzna®gi faktor vhodného
charakteru &hto plateb za delem analyzy &kterych
charakteristik agroruralnich struktGR.

VySe zmigné platby a dotace jsou administrovany
Statnim zerddélskym intervenim fondem, ktery
spravuje jejich viejré piistupnou databazi.

3.1 Platba SAPS

Platbu SAPS lIze oztd jako nejdilezitéjsi finarkni
podporu zerddélského sektoru, nelso predstavuje
piiblizneé  1/3 vSech financi s#wujicich na
uskut&novani SZP a je mezi jednotlivymi poihpymi
finanknimi  nastroji nejuziva®Si. Tento fakt je
zpisoben 2 zékladnimi povahami platby:

1. Platba SAPS podriuje narok na ostatni platby tzn.
chce-li zentdélsky subjekt vyuzit ékterou
z podpor a plateb, musi pobirat platbu SAPS

2. ,Jednoduchost platby* SAPS, nahbaarok na jeji
ziskani je pro zeddélské podniky nejsnaze
dosazitelny

Ztéchto divodi je platba SAPS né&jstji
vyuzivanou platbou zetdélskymi subjekty a také
nejvhodrjsi platbou k analyze zakladnich
charakteristik agroruralnich struktur. Jako omeZuji
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faktor se niZze jevit skuténost, Ze stale dochazi
k zvySovani p&tu piijemal prtimé platby SAPS. Jedna
se vSak pedevSim o soukron hospod#ci rolniky
s malymi vyngrami zengdélské pidy, nebd vétSina
vyznamnych subjeft ¢innych v zemidélském sektoru
razné formy dotaci a podpor vyuziva.

3.2 Seznam SZIF

Prijemci dotaci a podpor v ramci SZP jsou v seznamu
SZIFu uvedeni jednotl® pricemzZ jednotlivé atributy,
které lze z databaze za jednotlivé subjekty zjistitu
uvedeny nize. Jsou jimi:

* Nazev subjektu

* Adresa

e Typ podnikani
* Oblast

e Rok

e Fond

Opateni
Vyse dotac&R
VySe dotace EU

Informace o pijemcich jsou poskytovany na zakad
zakona o svobodnéntiptupu k informacim. Na zaklad
adresného deni Ize utit presné sidlo subjektu tj. obec,
vniz mad PPO své sidlo resp. bydliSsoukrond
hospodéiciho rolnika. Z tohoto {/odu lze v pipads
potteby ziskat jmenny seznam vSeckinnych
zentdélskych subjeld az do drova zadouci obce,
mikroregionu ¢i spravniho obvodu obce s raziou
pisobnosti.

DalSim vyznamnym atributem je charakter
podnikani, ktery rozliSuje prévpodniky pravnickych
osob a podniky fyzickych osob. Oblasti, do nigstu
jednotlivi piijemci za&azeni, se az nagkolik vyjimek
shoduji s Gzemnim okresninglenénim CR. Tato
skute&nost ffedstavuje jeden z lintit vyuZziti seznamu
prijemai. Oblasti SZIFu, jez jsou utweny z vice
okresi:

Ceskeé Budjovice aCesky Krumlov
Plzei-mésto, Plzé-sever, Plz&-jih

Cheb a Sokolov

Chomutov, Most, Teplice, Usti nad Labem
Praha-nisto, Praha-vychod, Praha-zapad
Jablonec nad Nisou, Liberec

Jesenik, Sumperk

Opava, Ostrava

Frydek-Mistek, Karvina

CoNoUAWNE

Kromé zvoleni pozadovaného roku a zdrojového
fondu Ize ziskat soubotipemai dotaci na zakladtypu
opateni tj. typu platby, jez byly diskutovany vySe.
Dulezitym atributem je celkovd vySe dotace, jak ze
zdroji EU, tak ze zdrdj narodnich, v zavislosti na typu
platby. Finagni vySe platby také umdégje vyislit
velikost obhospodavané plochy, na niz je dany typ



platby vazan. Pro jednotlivé roky jsou vzdy impthei
stanoveny vySe plateb na hektar dle jednotlivyetig.
Na z4klad tohoto vztahu Ize tedy vyptat, jak velka
plocha zeradélské pidy je v ramci zvolenych Gzemnich
jednotek obdiavana a tedy uité nelezi ladem.
Vyuzivani zemdélské pidy, na niz pobiraji zetdglské
subjekty platbu, je zakladni podminkou tdgleni
dotaci.

Nevyhodou zpracovani dat seznamtijgmai je
bodové, nikoliv plo3né, fifazeni Gzemni {sobnosti
zentdélskych subjeki. Z dostupného seznamu Ize totiz
zjistit, kde méa dany podnik sidlo, z&dtlec bydIist,
nicméré to jeS¢ neznamena, Ze vdaném Uzemi
obhospodiuje zengdélskou pidu. Velké zemsdélské
podniky zpravidla hospodii na desitkach katastralnich
tzemich, mnohdyipsahujici hranice byvalych okfes

3.3 Priklad vyuziti seznamu p Fijemcu
plateb: vyznam soukrom &
hospoda Ficich rolnik @
v agrorurdlni struktu fe CR
Z predchozi kapitoly Ize vyvodit potmé Siroké
moZznosti vyuZiti seznamutipemaoi plateb a podpor
dané mnozstvim vyuzitelnych atriliut které se
k ptijemoim vztahuji. Vyznamnym znakem

agrorurdlnich struktur je Apob podnikani a typ
vlastnictvi zenidélského subjektu tj. zda-li se jedna o
podnik pravnickych osob (n&gsgji zemedelska
druzstva, akciové spalrosti a spolénosti s rgenim
omezenym) ¢ podnik fyzickych osob (soukroin
hospodéci rolnici). Do roku 1990 #y v zenmedeélstvi
dominantni roli jednotna zefdélska druzstva a statni
statky. Soukrom®ihospodéci rolnici pisobili pouze na
nepatrné vymre (3,9 %) zerudélské pidy Ceské
republiky, gedevSim v horskych oblastech Beskyd
(ovlivnéni  zengdélskou politikou v Polsku). Bhem
transformé&niho  obdobi ¢eského  zewdélstvi
pievazovaly jiz transformovana zédélska druzstva a
obchodni spoliosti (akciové spolmosti a spolénosti

s rkenim omezenym). |ips rozsahlé restituce byla
v tomto obdobi &ast soukrord hospodticich rolniki
ponmerné nizka (1/5 zertklské pmdy) (JANCAK, V.,
GOTZ, A., 1997).

Situaci v roce 2008 z tohoto hlediska Ize mimo jiné
analyzovat na zakl&dzpracovani seznamurigmai
SAPS dle jednotlivych oblastiipobnosti regionalnich
pracovi¥ SZIFu (obrazek 1). Vramci cel€eské
republiky je vyznam podnikfyzickych osob dle plateb
SAPS wi¢i PPO stéle nizky, nelbona PFO fipadalo
pouze necelych 29 % finamich prostedki
vyplacenych na platby SABSV rdmci vymezenych
oblasti v3ak Ize nalézt vyznamné rozdily. Vysoké

Podil podniku fyzickych
osob na:
75

50,
finan¢nich prostfedcich SAPS v %
poctu piijemct SAPS v %

Pocet pfijemct SAPS
Fyzické osoby

[

180 250 330 500

40 80 120 km

Obrazek 1: Vyznam podnikfyzickych osob
v agroruralni struktte CR dle podilu na celkovém piu
piijemai a finarkni podpde platby SAPS v roce 2008
(pramen: Seznam¢fpema: plateb SZIFu, vlastni
dopasty a zpracovani)
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® Protoze je platba SAPS vyplacena na velikost
obhospod#ované plochy, Ize tento Udaj chapat také jako
procentudlni podil ze#ddlské mdy CR, na niz
hospod& podniky fyzickych osob pobirajici tuto
platbu.



objemy finagnich prostedki na celkovém mnozstvi pottebnych analyz, sitdaich zpravéi béhem tvorby
platby SAPS sitovaly zenddélskym subjekim PFO strategickych programovych dokumént
hospodéicich v pohraninich oblastech, kde‘gd rokem

1990 pisobily statni statky (Bein — 60 %, Bruntal — 56 i

%, Prachatice a oblast slozena z okrgsti nad Labem, Literatura

Most, Teplice a Chomutov — 47 %, Tachov — 43 %), na [1] A. Véznik a kol.. Analyza zmin agrorurdlnich

Beskydsko (Frydek-Mistek — 45 %,Vsetin — 40 %) a struktur. Brno: Centrum pro regiondlni rozvoj MU,

do drodnych oblasti idnich Cech (Kladno — 52 %, 2005. 99 s.

Mélnik — 48 %, Praha — 45 %). Naopak nejmensi tlohu _

hraly PFO na jizni Morav(Blansko — 15 %, Znojmo —  [2] A. Véznik, L. BartoSova. Selected regional

16 %, Hodonin — 18 % a Vy3kov — 20 %) a sni geographical differences of the Czech Republic

sousedicich oblasti (Uherské Hragist 10 %, agriculture, after the trasformation processés:

Pelttimov — 19 %, Kromifiz a Svitavy — 20 %). Zemedelska ekonomika. PrahaCeska akademie
Naproti tomu, ani vjedné z oblasti neiilioPFO zemedelskych wd - Ustav  zerddelskych

mérs nez 79 % celkového ptu prijemat platby. a potravinéskych informaci, Vol. 50, 5/2004. s.

V ramci tohoto ukazatele se neprojevila vyznai$in 207 - 216.

koncentrace oblasti vyztwgici se nizkym zastoupenim
PFO na celkovém pgtu piijemai. V pripad oblasti,
které vykazaly nejvysSi zastoupeni fyzickych osab n

[3] A. Véznik. Aktualni problémyCR. Zerddélstvi.
Ostrava: Ateliér Milata. 1995.

celkovém pétu prijema Ize vysledovat wité Gzemni [4] Cesky statisticky fad. Strukturalni 3eeni v
koncentrace. Oft to je Beskydsko-severni Morava zenedélstvi - ZEM 2007 Dostupny na WWW
(Vsetin — 97 %, Frydek-Mistek — 96 % a Novyidi— <http://www.czso.cz/csu/redakce.nsf/i/strukturalni
94 %), oblasti vychodniciCech (Semily — 93 9%, setreni v zemedelstvi zem 2007>

Nachod — 92 %, Hradec Kralové a Trutnov — 91 % ) a [cit. 5.11.2009]. I

oblasti i tece Berounce (Rokycany a Beroun — 94 %).

VySe nazn&né skuteénosti ukazuji na vyrazné [5] I. Bicik, V. Jarak. Transforma@ni procesy
disproporce  mezi podilem celkového mnozstvi v Ceském zeduélstvi po roce 1990 Praha:
finanénich prostedki a podilem na celkovém o Prirodowdecka fakulta Univerzity Karlovy, 2005.
prijemai platby SAPS v podnicich fyzickych osob. PFO 103 s.
predstavuji daleko ¢asg&jSi formou hospodeni
v zenédélstvi, nicméw jejich Gloha dle ob#avané [6] I. Zdrahal.CAP "Health check" and the farms size
zemédelské pidy je vyznama nizdi nez u podnik structure in EU.In ICABR 2008.Brno: Mendel
pravnickych osob. Tato skupina obchodnich spaleti University, 2008, s. 916--923.

a druzstev sice neniipS potetna, nicmé# obdlavaji
témst 2/3 zenddilské pidy Ceské republiky, na niz je
narokovana S&tna platba. Tomuto stavu odpovida
vyznamig vice finagnich prostedki resp. zerédélské
pidy na jednoho fijlemce ztad PPO uci stejné

[71 M. Shucksmith, K. J. Thompson, D. Robe@GAP
and the regions: The territorial impact of the
Common agricultural policyWallingford: CABI
publishing, 2005. 232 s.

charakteristice PFO. [8] O. Koneny. Dopady strukturalni politiky EU na
moznosti rozvoje zewklstvi v okrese Vsetin
4 Zaver Diplomova prace nai® MU Brno, 2008. 101s.
Diskutovany seznamiflemai plateb v rdmci Spotmé [9] P. SpiSiak a kol.Agroruralne Struktury Slovenska
zenedélské politiky je i ges sva skterd omezeni po roku 1989 Bratislava: GEOGRAFIKA, 2005.
ponmeérné vhodnym alternativnim a dapljicim zdrojem 186 s.
pro analyzu zemtélského sektoru, zejména
agroruralnich struktur. [10] Statni zerédélslsy interveni fond. Program
Lze jej brat jako soubor vybranych informaci rozvoje venkova&'eské republiky na obdobi 2007 -
roz&kujici poznatky a vysledky Strukturalniho i&eti v 2013 Dostupny na Www
zemédelstvi CR a jako zcela jedit@y zdroj dat o <http://www.szif.cz/irj/go/km/docs/apa_anon/cs/do
mnozstvi a alokaci finamich toki proudicich do ku_menty_ke_stazeni/eafrd/l180428724933.pdf.>
ceského zewtélstvi skrze jednotlivé nastroje a platby v [cit. 6.11.2009].

ramci Spoléné zenddélské politiky EU. Vyhodu
vyuziti téchto dat pedstavuje moZznost vytveni
kontinualni c¢asové fady a analyza vybranych
charakteristik agroruralnich struktur az do Urowatoci.
Vyuzitim adresného atributu lze identifikovat vymmae
aktéry zemdélské ¢innosti v malych Gzemnich
jednotkach a tyto poznatky dale vyuzit k zpracovani

[11] Statni  zemsdelsky interverni fond. Seznam
prijema: dotaci Dostupny na WWW <
http://www.szif.cz/irj/portal/anonymous/spd.> [cit
2.6.20009].
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Abstract

This paper is attempting to shed light on the basic
approaches and methods (observational, empiricél an
mechanistic approach) of assessing wind damagecdaza
using widely available GIS software. The paper
describes the development of dataset, methods apd m
for the spatial prediction of windthrow hazard. The
statistical method of logistic regression is used t
predict the probability of this hazard. Logistic
regression formulas are incorporated into GIS and a
windthrow hazard map is then derived from the model
using raster calculator in ArcGIS Spatial AnalyEhe
potential for spatial prediction of wind damagengsi
logistic regression, and it's results are discussethe
end of the paper

Keywords: windthrow, GIS, natural hazard , logistic
regression

1 Introduction

In the last decades, we have witnessed a seriogs 8Bu
windthrow occurrence caused by wind, snow and ice
which has resulted in damage to our forests. Wind
damage results in both direct costs (serious fia&nc
loss, additional cost of harvesting and reduceddim
value) and indirect costs (increasing erosion, itha
water regime, disappearance of original biotoped an
species etc.). In spite of the fact that windthrcave
natural event and their occurrence have been well-
known for a long time, it is partially possible teduce
their impact and damage. Advanced technologies like
geographical information systems (GIS), Spatial
decision support systems (SDSS) and predictive tmode
provide enhanced and dedicated tools which allow
effective assessment of forest areas and help eeduc
wind damage.

Wind damage isn't only a significant problem in
forests in the Czech Republic. It is believed tha

damage caused by wind costs European countries more

than 15 million euros a year and in some extrensesa
dramatically more. For example, storms in Northern
Europe in December 1999 overturned more than 300
milion m® of timber. In January 2005, storms
overturned more than 85 million of timber [11].
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Czech forests have been badly hit by extreme
storm events many times in the last decades, \mith t
Sumava mountains being among the most affected
areas. The most extreme windstorms in the Sumava
mountains in the past include the storms between th
years 1868 — 1878 and 1955-1962. In each period3ve
million cubic meter of timber was damaged [5], [13]
Four extreme storms have affected Sumava forasts si
1985, emphasising the urgency and scale of thdgrob
(catastrophic windstorms in 1984, 2002, 2007-Kyrill
2008-Emma).

2 Windthrow risk assessment
approaches

The risk can be defined as the probability ofese tor
stand being blown down by an extreme wind and in
terms of engineering risk integrates the probahbditan
event with consequences of the damage. The
consequences include, for example, changes in the
water regime associated with stand loss resultindpé
reduction of retention of watershed and flooding [4

Generally there are three main ways of assessing
windthrow  risk:  empirical, = mechanistic  and
observational. The resulting models then relatéesch
damage or probability to one of following: tredes
stand, topographic and climate variables. Empirical
approach use a qualitative assessment which haare be
widely adopted by decision-makers to assess wind
damage risk. Empirical models usually relate the
occurrence of wind damage in sample unit to the
attributes of these units. Empirical models canvigl®
quite accurate results in specific locations ang ima
easy transferred to other locations with similar
conditions. Mechanistic approach is based on
calculation in two separate stages. The first stage
calculate the above-canopy “critical wind speed’iclih
is required to break trees and in the second simge
calculating the probability of a such wind occugriat
the location. Most of the mechanical models cutyent
available on the market can be regarded as hybrid
models due to the fact that the component calanati
include both empirical relationships and physical
relationships.

A wide range of empirical, mechanical models and
observational methods have been developed since the
eighties to assist forest managers better assesssth



of windthrow. An example of a widely used empirical
method is windthrow hazard classification [8] used
Great Britain. WHS provide a method to assess risk,
based on a scoring assessment of four site fagtdnsl
zone, elevation, exposure and soil). Hybrid
mechanistic/lempirical models can be represented by
HWIND model [9] and ForestGALES [3] which have
been accepted within the research community. Tha ma
advantage of ForetsGALES is the fact that it can be
adopted for use outside of Great Britain where d@sw
originally designed. The current version has been
successfully adapted for use in New Zealand, south-

m. In elevation between 970-1210 m annual
precipitation is 970-1210 mm and mean annual
temperatures are 4,0 — 4,5°C. The high altitudasahas
annual precipitation higher than 1200 mm and mean
annual temperature between 2,5 and 4,0°C [10].

The study area can be considered very interesting
from a hydrological point of view especially duette
fact that is situated in the main European watedsh
between the North and Black sea. There can also be
found two of five glacier lakes developed on thee@r
side of the mountains. Most of the area falls itite
Labe watershed but the small area around Zelezda Ru

west France, Japan, Canada and in terms of projectfalls into Dunaj (Danube) watershed. Lake Laka, the

Stormrisk in countries of North Sea Region (Denmark
Sweden, Germany, Norway). An example of this
method being used to evaluate damage risk to forest
stands for conditions in the Czech Republic wowddab
complex regional wind damage risk classification
(WINDARC) developed by Lekes and Dandul [6]. The
method uses an airflow model for calculating terrai
exposure classification and permanent exposure
classification. A consequence of combination both
classifications results in a complex regional wind
damage risk classification which represents a wind
damage risk to forest stands.

3 Description of study area

In this study, the chosen area is located in sougbt
part of National Park (NP) Sumava Mts. (Bohemian
Forest Mts.) in the Czech Republic. National PaxtR)Y
Sumava Mts. (Bohemian Forest Mts.) together with th
Bavarian National Park on the border with Germamy a
with buffering zone has been declared as Sumava

smallest and the most elevated lake in Sumava
mountains, lying 1096 m above sea level, can badou
inside the study area below the Debrnik Mountaime T
lake PraSilské jezero is situated in a glacier rbakin
under 150 meters high cliff of Polednik. Its dikansists

of nine-meters wall of granite boulders and two
moraines. The lake is up to 15 meters deep.

The study area is under populated and there is only
one built-up area (Prasily) situated inside theaaoé
interest. Administratively area belongs to the Rlze
(Pilsen) region and Euroregion Sumava.

4 Methods and materials

Methods and materials included data acquisition and
building dataset, determination of dependent and
independent (explanatory) variables, creation ofga
units, data screening, application of statisticathnd of
logistic regression using statistical software and
incorporation of logistic regression formulas irttee
GIS. The windthrow hazard map was then obtained

Protected Landscape Area (90,000 ha) and representsusing raster calculator in ArcGIS Spatial Analyst.

one of the largest protected area in Europe [12].

The location of the study area was chosen
particularly because of a high occurrence of
windthrows, who’s number is repeatedly growing and
resulting in considerable damage in forests of Stama
It is bounded on the south by German National Park
Bayerischer WaldBavarian Forest) and on the north

4.1 Data acquisition and building
dataset
The data used for this study were derived or obthin

from aerial photographs, field inventory, digital
elevation model, forest maps and topographic maps.

and west by the Protected Landscape Area Sumava Digital elevation model (DMR) created using Topo to

(CHKO).

According to the established geomorphological
divison of the Czech Republic [1] study area in the
hierarchical assortment had been incorporated iheo
Geomorphological Provinc€eska vyssina. It belongs
to geomorphological whole Sumava, its sub-wholes
Sumavské plah (Sumava Plains) and Zeleznorudska
hornatina (Zelezna Ruda Highlands). It is abouki®5
long, at most 20 km wide and its area is about 670
square km. The Zeleznorudska hornatina (Zelezn&éRud
Highlands) is about 200 square km large and it is
situated inthe most western part of the Sumava
mountains  in the surroundings  of Zelezna  Ruda.
The highest peak of this part is Jezerni hora (Lake
Mount - 1,343 m) abov€erné jezero (Black Lake).

The climate of study area is wet and cool with mean
annual precipitation 900-1050 mm and mean annual
temperature 4,5 — 5,5°C in elevation between 8D-97
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Raster interpolation method specifically designed f
the creation of hydrologically correct DMR was used
the study (digital contour data in the interval Samd
point elevation map were provided by the Sumava
National Park). The windthrow areas were detectetl a
identified by aerial photographs taken in 2006 amd
2007 (aerial photographs used in study from 200 we
acquired especially for purposes of monitoring wind
damage caused by hurricane Kyrill immediately after
the calamity occurred). Forest data used for wind
damage assessment included Regional Plans of Forest
Development (RPFD) data (typology map, map of fores
vegetations levels, map of functional forest pasnt
etc.), forest stand map and information regarded to
logging history. Most of data, spatial layers and
information related to the wind risk assessmentewer
obtained from the Sumava National Park.



4.2 Data sampling, screening and contained 110864 points (each point/centroid

determination of variables represented 25 x 25 m segment). In the next step we
removed non-forest segments and the final dataset

Due to the fact that occurrence of windthrow isager contained 85 141 segments.

event and measures of damage (for instance pegeenta

of segment area loss) are not normaIIy. distributed, 4.3 Statistical analysis

approaches based on normal regression are not

appropriate for prediction of windthrow. Logistic ~ Logistic regression was performed using SAS 9th wi

regression allows to predict discrete outcomes géam  the logistic procedure. The list of potential indegent

unit damage/undamaged) and are better suited to the (explanatory) variables was refined to include yahie

problem of rare occurrences such as windthrowsétsu relevant variables. Pearson correlation coefficiemtre

the method of maximum likelihood to estimate applied to identify variables which were highly

parameters and takes the model f§#ft correlated with the other variables to minimize
multicollinearity. After a suitable list of poteati

g(x) , S ;
__€ - 1 selection methods were chosen to aid in the fortioula
1+e9%) 149K of a model. As a result of the stepwise method of
where variable selection, ELEV, VEK, ZAKM, SM_H,
VLHK, HLOUB and ZAST_S were found to be the
=0 + + +... 4+ : —= W
g(x) Bot Bxt BoX, B p%p most important explanatory variables (the pararseter
and were estimated using the method of maximum
Bo: B, By, -+ B, — parameter estimates, likelihood).
Xy Xp, 00 X, — predictor variables.
Parameter  Estimate Standard We}ld Pr 0
Logistic regression has proven to be a useful tool Etror ggh;re Chisg
to estimate the probability of windthrow. It hasehe
utilized by Valinger and Fridman (1999), Jalkanenl a Intercept ~ -16,0743  0,2574 3900,2361  (1,0001
Matilla (2000), Canham et al. (2001), Mitchell dt a \E/'éiV %82;?4 81888‘11‘312 ggg%?gg O ’8881
I(\i'ct)ohl)il P2e0tgrsson (5024)'“ Lan(;qul?/ly:a el Ogglg; :;md ZAKM 01198  0,0160 556719  1.0001
itchell ( ), and Scott and Mitchell (2005) to -0,1379  0,0118 136,7561 0001
predict the probability of windthrow on an indiviau HLOUB 0,3226 0,0143 510,2636 17,0001
tree level [2]. ZAST_S 0,0156 0,00127 152,8259 71,0001

This statistical method was therefore used in this
study to assess windthrow risk and generate the Table 1: Variables and coefficients in logistic rabd
probability of windthrow occurrence for each sample

unit of study area. 5 Results
In order to perform logistic regression using
statistical software it was necessary to createtaos A windthrow hazard map was derived from the model

dependent variables which represent the presence of using raster calculator in ArcGIS Spatial Analydthe
damage. As stated above, the dependant variable is logistic regression formula incorporated into the®IS
usually dichotomous and can take the value 1 with a map calculator took the form:

probability of success or the value 0 with the ity
of failure. Sets of dependant variables were thenved
from the spatial layer containing attributes redate log (p/(1-p)) = (-16.0743 + ELEV * 0,00794+ VEK 3@21+
occurrence of windthrow. In the second step a $et o ZAKM*0,1198-VLHK *0,1379+ HLOUB * 0,3226+
independent variables was created. Unlike the ZAST_S *0,0156

. . . . or
dependant variables, the independent variables in b = exp ((-16.0743 + ELEV * 0,00794+ VEK * 0,0221+

logistic _regression can take any form, and_ _Io_glstlc ZAKM * 0,1198-VLHK * 0,1379+ HLOUB * 03226+
regression makes no assumptions about the disatbut  7asT s +0,0156)/(1 + exp(-16.0743 + ELEV * 0,00494

of the independent variables. VEK *0,0221+ ZAKM * 0,1198-VLHK * 0,1379+ HLOUB *
The creation of sample units was crucialobef 0,3226+ ZAST_S *0,0156)

construction a segment database, which includetl bot

independent and dependent variables. Sample units

were generated using ArcGIS Spatial Analyst extemsi P — probability of windthrow hazard

and study area was then subdivided into samples unit ELEV — elevation

(25 x 25 m). The segment database was extracted by \Z/EEI\; iofrgféssttgpaig%eensit

overlaying layer onto the other using ArcGIS Arsidy VLHK — site humidity y

Tools from ArcToolbox. Each segment from the  ouB - soil depth

segment database contained a centroid (a poiratediu ZAST_S — % of Norway spruce in stand

in the centre of sample unit). The entire dataset

109

independent variables was obtained, the stepwise



The logit (log of the odds) was calculated and then
converted to a probability. A large part of studgahas
a low (0-0,05) risk and occupies more than 50% of
study area. The concentrations of higher risk aezas
evidently visible on the map and both high risk
categories (0,25-0,45;0,46-0,89) occupy approximate
11% of study area. The remaining probability catexgo

(0,06-0,10;0,11-0,15;0,16-0,25) with medium risk

occupy approximately 37% of area.
as000
L 40000
‘8 35000
E 30000 7
& 25000
% 20000

§ 15000 |
E 10000
Z  soo0 7 | -I
e l 88

0-0,05 0,06-0,10 ©11-0,15 0,16-0.25 0,26-045 0,46-0,8%

Probability

Figure 1: Number of 25x25 m cells for forested jpo$ of
study area occupied by each damage probabilityerang

The proportion of damaged segments increased
with increasing of elevation (ELEV), forest age K)E
forest stand density (ZAKM), soil depth (HLOUB)tesi
humidity (VLHK) and the percentages of Norway
spruce in the stand (ZAST_S). These results were
expected and are consistent with prediction witheot
researchers.

Probability
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[ ar 08
[ at6 a2
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| EEH
mndores
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o) Wity 2000

Figure 2: Windthrow hazard map

110

6 Conclusion

Windthrows are influenced by many factors at thee tr
stand and landscape levels and sometimes
interaction can possibly complicate the assessnidm.
important fact for managing windthrows is not ot
knowledge on how various factors relate to windthro
but also how they can relate to each other. Ontheof
main aims of this study, apart from using GIS and
logistic regression for assessing wind hazard damag
was also to understand how the factors affect the
occurrence of such a rare event as windthrow.

This paper attempted to shed light on the basic
approaches and methods used by researchers astl fore
managers to asses potential wind risk. The prooéss
assessing wind damage hazard using widely available
GIS software ArcGIS 9.2 was described in the paper.
The potential of statistical method of logistic megsion
was examined and logistic regression itself was
described in the text. The results obtained byq&is
and logistic regression were discussed at the érldeo

paper.

the
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Possibilities of geomorphologic assessment: a case

from Podyji NP

Lucie Kubalikova
YFaculty of Science, Masaryk University Brno

Abstract

The assessment of geomorphologic sites is oneeof th
tools of geoconservation. For the geomorphologic
assessment it is possible to use
"geomorphosites”  which includes inventorying,
evaluation and proposals for management and rationa
use of the sites. This concept was used for assegsh
selected geomorphologic sites in the western part o
National Park Podyji; the results of the assessmant

serve as a base for proposals for rational use and

study

group Geomorphosites exists and it is oriented han t
development of methods of geomorphologic
assessment, educational activities and geocongarvat
Under the geomorphosites concept various
methods of geomorphologic assessment exist (see

the concept chapter 2). For the geomorphologic assessmenteof th

sites in western part of Podyji National Park a ified
method was proposed; this method comes out from
methods that have already been used.

2 Methods

management and other perspectives of the use of the Geomorphosites can be defined as geomorphologic

geomorphologic assessment are outlined.

Keywords: geomorphologic assessment,
"geomorphosites”, Podyji National Park

concept

1 Introduction

Geomorphologic assessment and inventorying care serv
as a tool for geoconservation and management of
geoheritage and geodiversity. The concept of
geodiversity was for the first time developed in
Australian Natural Heritage Charter (2002) [1] ahd
principles of geoconservation were defined in thma
document. In general, we can define the
geoconservation as an activity of humans that is
oriented to the conservation of geoheritage (gdojog
geomorphologic and pedologic elements, forms and
processes). These activities include both managemen
and strategies for rational use of this heritagg.[1

landforms that have acquired a scientific,
cultural/historical, aesthetic and/or social/ecoimom
value due to human perception; the term

"geomorphosites” was introduced by PANIZZA [8].
Geomorphosites can be single geomorphologic objects
or wider landscapes. These geomorphosites can be
modified, damaged, and even destroyed by the impact
of human activities [9]. As synonyms the terms
"geotops, geomorphologic assets or sites of
geomorphological interest" are employed.

The geomorphosites are classified by different
points of view: 1) activity (in relation to presenor
absence of current process): active x passive 2)
dimensions: simple geoforms x geomorphologic
landscapes x geomorphologic systems [13].

As mentioned above, the geomorphosites can
acquire various values. REYNARD et al. [12] divide
these values in two groups: 1) scientific valueat th
present an importance for understanding to a form,

The geomorphologic assessment itself can be use process or evolution. Within the geomorphologiesit

for comparison between geomorphologic sites, for
classification of the sites and also can be appiaed

the processes are considered one of the most iamport
scientific values together with representativenasthe

management measurements and rational use for theform and process, uniqueness and palaeogeographical

sites.

Concept "geomorphosites® seems to be an
applicable tool for the geomorphologic assessmiris
concept was presented by PANIZZA [8] and it is
developed in the various research institutions aafie
in western and southern Europe (for example Unitgers
de Lausanne, Switzerland, Universita di Modendy,lta
Universidade do Minho, Portugal). By the Internatib
Association of Geomorphologists (IAG) the working

! LucieKubalikova@seznam.cz
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significance of the site, 2) additional values uud
cultural, aesthetic, economic/social and ecological
values. Cultural value is represented by the
archaeological or historic significance of the sited
can both be influenced by geomorphology of the site
and can have an influence on the site. The pemepfi
the aesthetic value is based on the colour contrast
structure of the space or heterogeneity of the it
these facts it is the most problematic value talcand



describe. Economic or social value is related te th
potential for use of the site especially for solezhl
geotourism. Ecological value of the site expregbes
relation between geomorphologic elements of the sit
and biota and as well as cultural value can both be
influenced by geomorphology of the site and canehav
an influence on the site.

According to GRANDGIRARD [5] the assessment

The above methods use different means of
evaluation, both direct and indirect, for examplpegt's
estimate or numerical evaluation. The majority loé t
methods are numerical. The numerical methods Heese t
advantage of relative objectivity, but even there a
certain parameters that can be measured with dliiés
and could be the source of disagreements. Another
problem of the assessment process is subjectivity,

can be based on three basic questions: What? Why? especially in the evaluation of aesthetic and caltu

How? The question What? represents the object of

aspects of the site, but also in evaluation ofsttientific

assessment (landform, landscape) and comprises thesignificance of the site.

inventorying and description of the geomorphosites.
Why? is related to the aims of the assessmentinfind
and inventorying of the important geomorphologiesi
assessment of the human activites on the
geomorphosite, management of the site, possibly
popularization of the site. The question How? cevhe
methods that are used for above mentioned assessmen
These methods are outlined in the next paragraphs.

At Universita di Modena e Reggio Emilia,
PANIZZA [8] and CORATZA, GIUSTI [4] proposed a
method for geomorphologic assessment where
especially scientific value is accented. This mdthas
applied for EIA in the Modena province in ltaly.
Besides the scientific values (integrity, uniqguenesd
representativness) the evaluation of some additiona
values is proposed.

In Spain, there are two main research institutions
where the geomorphologic assessment is examined:
Universidad de Cantabria and Universidad de
Valladolid. BRUSCHI [3] (Cantabria) presents the
method based on the evaluation of the scientifloes
and potential for use, but comprises also the rfeed
protection of the geomorphosite. GONZALES-
TRUEBA [6] (Valladolid) comes out from the
geomorphologic mapping and covers both scientific
values and additional values. He also mentionsude
of site for education and vulnerability. Both meiko
were applied in Picos de Europa National Park in
northern Spain.

Universidade do Minho in Portugal uses the
method of PEREIRA [10]. This method is based on
assessment of scientific and additional valuestakels
into account the potential for use and protectibithe
locality.

At University de Lausanne, Switzerland, the
method of REYNARD et al. [12] is employed. This
method comprises the assessment of scientific salue
(representativeness,  integrity,  palaeogeographical
significance), additional values (historic, cultura
religious or symbolic values) and tries to evalutie
existence of the products that support the sites.

A special method was developed by PRALONG
[11] and it serves for an assessment of geomor&#wosi
for tourism. The parameters that are taken int@act
are for example distance between existing viewgoint
number of the artistic works (for example paintings
poems, tales) or presence of tourist infrastructure

113

The presented methodology for Podyji National
park is based on the above-described methods ap$ ke
this procedure: 1) identification of significant
geomorphologic sites (based on the literature, naapls
field survey), 2) a detailed inventory of selectstes
(general information, geology, geomorphologic data
morphology and genesis, environmental conditions, a
description of the cultural components of the site,
aesthetic aspect, availability, background, presenc
services, current status of the site, potentiaats and
risks), 3) numerical evaluation of sites, 4) systhe
(classification of the sites, management proposals,
possible use of the site, proposed legislativegutain).

The presented methodology was used for
assessment of selected geomorphosites in the wester
part of the NP Podyji. Its results were confrontath
the methods proposed by PEREIRA and GONZALES-
TRUEBA. The final part of the assessment was to
present proposals for rational use of sites forirthe
conservation and management. Attached, the
assessment forms can be seen.

3 Study area

Podyji National Park is located on the south bomfer
Moravia between the towns of Znojmo and Vranov nad
Dyji. The national park was declared in 1991, & 68
kmz2. In 2000, the Austrian part declared the nation
park Thayatal and the important bilateral area cantte
being. The axe of the national park is the deefeyailf
river Dyje which is the typical centroeuropean
phenomena covered by natural forests (see Fig. 1).

Geologically, there are three main units in wider
area. The eastern part is created by the corecdDifpe
dome, mainly of granite. The division between aaste
and western part makes the Lukov group formed by
phylit and mica schist and in the western part daiegs
gneiss type Bites [2].

The geomorphology of the area is very
problematic, as mentioned above, the main form of
relief is the Dyje valley with meanders, alluvidhins
and others typical fluvial landforms [7]. The impamt
feature of relief is also cryogenic relief with fas like
block accumulations, rock towers and others. Ingyrt
features of the relief are also the anthropogeoicn$
like water-gangs, vineyards, anthropogenic terrates
The study area itself forms a western part of thdyf
national park: it is a segment of the valley of ®gnd



the valleys of its branches approximately betwesms
Vranov and Hardegg on the Austrian side.

Fig. 1 Dyje valley; a view from Ice Caves
(photo: author, 2009)

Most similar river valleys have been modified by
the construction of dams, roads and
facilities. Since the greater part of todays NatioRark

was part of the border zone, the territory has been

spared such interference.

Selection of significant geomorphologic sites was
based on field survey and study of relevant liteeat
Eight geomorphologic sites were chosen: 1) Ice €ave
2) Hardegg Lookout, 3) Rock City, 4) Hamry Fold}, 5
Castle Rock, 6) Abandoned Meander, 7) Block
accumulation at Braitava, 8) Segment of Dyje valley
(see Fig. 2).

Site No. 1, Ice Caves is important especially for

existence of pseudokarst phenomena and extensive

block accumulations, so it has a high scientifiteptial.
The aesthetic value is represented by viewpoint nea
Obelisk that has certain cultural significance af.w

Hardegg Lookout, site No. 2, represents a site with
high aesthetic and scenic value thanks to existefice
the valuable overview. It has also a very high ptiad
for use for tourism because it is one of the besivin
sites of the western part of the National park.

On the contrary, the site No. 3, Rock City is
known only within the researchers; it is situated of
the tourist paths and in fact the access is prddbiThe
site is important due to existence of the range of
cryogenic, pseudokarst and gravitational formsrgtor
block accumulations, rock towers).

Site No. 4 Hamry Folds is rather geological than
geomorphologic site. The main reasons of proteaien
ptygmatic folds of different scale.

Castle Rock, locality n. 5, is significant
particularly because of its high aesthetic anducalt
value. The castle situated on the rock is closelsted
to the geomorphologic form and in the past, its
construction was conditioned by the existence & th
landform.
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recreational ~..

Abandoned Meander, locality n. 6, represents
fluvial landform that has a very high potential for
pedagogic and educational activities. There issk off
spreading of vegetation that can lead to a degmudat
the site.

As the site No. 3, the site No. 7, Block
accumulation at Braitava, is situated out of tdyiths,
so it is practically unknown and non-visited. Itsha
high educational and scientific potential.

The last locality, segment of Dyje valley, is very
well conserved deep valley incised into the surdug
surface. It includes various fluvial forms like ised
meanders or alluvial plains and it possesses bigih h
scientific (especially palaeogeographical value) an
additional values.

— hranice zajmového tizemi

.| L1 -Ledové sluje

L2 - Hardeggske skaly
| L3 - Skalni mésto

L4 - Hamerské vrasy

5%
L6-
7] L7 - Balvanova akumulace pod Braitavou
Lokalita &8 - udoli Dyje mezi Vranovem a Hardeggem ||

Zamecka skala
Opustény meandr a okrouhlik

S\ TR ~

Fig. 2 Selected localities in the study area (data:
Military map 1:25 000)

4 Results

Eight significant geomorphologic sites in the weste
part of the National Park Podyji were assessedgusin
methods by PEREIRA, GONZALES-TRUEBA and
method proposed by author. The aim of the useeasfeh
three methods was to compare their results and #hew
suitability of the method proposed by author for
geomorphologic assessment. The final comparison
shows Table 1. The location of site No. 8 in thstfis
identical within all the applied methods, and thée
values differ, however, remains true that the Kite 4
(Hamry Folds) and No. 1 (Ice Caves) have a relbtive
high number of points especially due to their stifien
value.



Methodologies also agree on the order of the site Castle Rock (site No. 5) is particularly important

No. 5 (Castle Rock). Increased volatility is masié in terms of culture. That is why it is mainly usémf
in other localities, especially in locality No. Plgrdegg these reasons (the visit of the Vranov castle) and
Lookout), which is relatively highly evaluated blyet scientific values are not employed so much. Dedpite

proposed methodology and obtains a low score in the situation of the site in the first zone of the oatl park
GONZALES-TRUEBA's methodology. Conversely, site  there can be observed camping activities in thésa.ar
No. 6 (Abandoned Meander) received approximately The solution could be similar as in the case ofdite

the same ranking across all three methodologies. No. 2.
Despite the strong scientific and pedagogical
ranking| PEREIRA| GONZALES author's potential value, Abandoned Meander, site No. 6, is
(2006) (2005) method neglected and remains only a short stop on thefioay
1 L8 (16,05) L8 (140) L8 (25,5) Vranov to Ice Caves. The reason may be, for example
2 L4 (14,65) L1 (118) L1 (21,5) that the geomorphologic features of the site arégtly
3 L1 (14,49) L4 (105) L4 (20,75 W?ped and _distinguished shape gradually overgrows
4 1531185  L5(97) L5 (19) with vegetation, . .
5 L6 (11,08) L3 (96) L2 (16) The Io<_:al|ty No. 7, Blopk accumula_mon at B_ra_ltava
6 L3 (10.63) L6 (94) L6 (15.25 offers conaderaple_ educational pptentlgl, althoiigh
: : one of many similar accumulations in the area of
’ L2 (10,61) L7 (89) L7 (14,25 interest. It is situated in the inaccessible pérthe first
8 L7 (9,47) L2 (65) L3 (13,75 zone of the national park as well as Rock City. gBiv
the relative proximity of these sites, there isoagibility
Tab. 1 Final comparison of the results (L1 - L8est=d to introduce tourist path (see Fig. 2), or use tsiths
localities described above) for organized geomorphologic aimed guided tours.

ot
skalni gtvaty-Braitavy

On the basis of the inventorying, detailed ‘w

description and assessment we can do a synthémis: a | askalnigmesta - 2
to risks or threats, estimate the potential for ase e N R
present some proposals for management of the sites. Wi ”“;':E\ NN

L1 - Ice Caves are very well preserved especially —(ﬁu‘f\'m' saie I

i ]

thanks to the fact that caves themselves are not
accessible by public. This site has an extraorginar
scientific and pedagogical potential, but in theecaf
possibility of access to the Caves, significanteéts
would appear. High potential for educational use lca
employed during the organised excursion with a guid
Aesthetically very valuable locality No. 2 Hardegg
Lookout suffers principally from the movement otth
tourists of the marked path and consecutive degjcada
of the soil and vegetation cover. This unwelcome o
phenomenon could be reduced for example by higher
frequency of checks guard nature; however, thelpnob

i
p \{"Z\ B e —
o
: L e
\\?ﬁ%\@&wg&%ﬁ@ﬁu:u e }%

R, £ -

&
podklad: RZM 10, EUZK

could be the financial possibilities of the NatibRark Fig. 3 Proposal for the tourist path connecting the
Administration. o site No. 3 (Rock City), No. 7 (Block Accumulatioad

Site No. 3, Rock City is probably one of the most Braitava Belvedere
preserved sites in the western part of the Nati®aak
thanks to its inaccessibility. The site has a hpgtential The site No. 8, Dyje valley can be considered as a
for educational activities and high scientific andtural very important geomorphosite thanks to its sci@ntif

value, but it is relatively remote, so the desigida  cyjtyral and aesthetic values. The managementisf th
creation of hiking trails would probably need certa site is based on the rational use of both natunal a

financial resource. _ cultural and aesthetic aspects of the site. From a
~ The current usage of the site No. 4 (Hamry Folds) gscientific perspective, the site is valued esphciat its
is sustainable, even if the existence of the rdaava live component, non-living elements of nature i th

the site may cause some problems. Another source of context of conservation do not have such attention
problems can be ingrowth vegetation, accordinghto t (there are no care plans for the geologic and

Administration of NP this problem is already trétey  geomorphologic sites, these sites are includedh@n t
elimination of undesirable vegetation. The pedaglgi  management and care plan of the first zone of Natio
potential is supported by information panel so the park) The above mentioned facts propose the questi
locality can be used for the education of the mubli whether the wider attention should be offered te th

sites of geo(morpho)logic interest. After all, & the
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geomorphologic and geological component of the [4]
landscape, which usually determines all the other
components of the landscape.

5 Discussion and conclusion

The above comparisons aimed to elaborate a critical
evaluation of the proposed methodology for NP Piodyj
Based on a comparison can be concluded that the
proposed methodology can also be used for assessing
the geomorphologic sites. Of course it would be
possible to compare the proposed methodology with
other methodologies, which have been describedegbov
but it would probably go far beyond the scope a$ th
work. Despite the fact that it would be probablggible

to use the proposed methodology to other terrgotiie
should be noted, that in some respects there ane so  [7]
imperfections and defects (for example evaluatién o
aesthetic sites or objectivity in evaluating theestific
parameters of the site). Consequently, this metloggo
will be further refined and developed.

In the western part of the Podyji NP, the main
objective of the inventorying and assessment itsalé
to evaluate the scientific and added values in the
selected sites, to identify potential for use amd t
propose possible management of these sites. This [9]
synthesis was done and some proposals for ratiseal
were presented, although these proposals may net me
with understanding both the Administration of Pddyj
NP and other researchers engaged in this area.

As mentioned above, the geomorphologic and
geological component usually determines all thesioth
components of the landscape, so they are very itaupior
and worthy of protection. Inventory and assessnoént
geomorphosites may help identify these elements and
appreciate its importance for both wildlife and the
activities of human society and may thus signiftban
contribute to the understanding of the need toegtot
non-living nature.

[5]

[6]

(8]
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ATTACHEMENT: ASSESSMENT FORMS
1. Method for geomorphologic assessment propos@HEREIRA (Universidade do Minho, Portugal)

SCIENTIFIC VALUE (maximum 5.5)

Ra Rarenessin rdation tothe area

0 It is not one of the most important 5
0.25 It is not one of the most important 3
0.50 One of the most important 3

0.75 The most important

1.00 The only occurrence

In Integrity/Intactness

0 Highly damaged as a result of human activities
0.25 Damaged as a result of natural processes

0.50 Damaged but preserving essential geomorplualbigiatures

0.75 Slightly damaged but still maintaining theesgil geomorphological features
1.00 No visible damage

Rp Representativeness of geomor phological processes and pedagogical interest

0 Low representativeness and without pedagogitaiast

0.33 With some representativeness but with low gediaal interest

0.67 Good example of processes but hard to exfgaion experts
1.00 Good example of processes and/or good pedajogsource
Dv Number of interesting geomor phological featur es (diver sity)

01

0.332

0.67 3

1.00 More than 3

Ge Other geological featureswith heritage value

0 Absence of other geological features

0.17 Other geological features but without relatimgeomorphology
0.33 Other geological features with relation torgegphology
0.50 Occurrence of other geosite(s)

K n Scientific knowledge on geomor phological issues

0 None

0.25 Medium: presentations, national papers

0.50 High: international papers, thesis

Rn Rareness at national level

0 More than 5 occurrences

0.17 Between 3 to 5 occurrences

0.33 2 occurrences

0.50 The only occurrence

SV Scientificvalue (Ra+1n+ Rp + Dv + Ge+ Kn + Rn)
ADDITIONAL VALUES (maximum 4,5)

Cult Cultural value

0 Without cultural features or with cultural feaardamaging the site
0.25 Cultural features with no connection to lamafe

0.50 Relevant cultural features with no connectilandforms
0.75 Immaterial cultural features related to lanaif®

1.00 Material cultural features related to landferm

1.25 Relevant material cultural features relateldndforms
1.50 Anthropic landform with high cultural relevanc

Aest Aesthetic value

0-0,5Low

0.5-1 Medium

1-1.5 High

Ecol Ecological value

0 Without relation to biological features

0.38 Occurrence of interesting fauna and/or flora

0.75 One of the best places to observe interefinta and/or flora

1.12 Geomorphological features are important fosgstem(s)
1.50 Geomorphological features are crucial forabasystem(s)
AdV Additional values (Cult + Aest + Ecol)
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USE VALUE (maximum 7.0)

Ac Accessibility

0 Very difficult, only with special equipment

0.21 Only by 4 wheel-drive vehicle and more tha@ Bieters by footpath

0.43 By car and more than 500 meters by footpath

0.64 By car and less than 500 meters by footpath

0.86 By 4 wheel-drive vehicle and less than 100 redig footpath

1.07 By car and less than 50 meters by footpath

1.29 By bus on local roads and less than 50 meyeiolpath

1.50 By bus on national roads and less than 50 skyefootpath

Vi Visibility

0 Very difficult or not visible at all

0.30 Can only be viewed using special equipmeagt &etificial light, ropes)

0.60 Limited by trees or lower vegetation

0.90 Good but need to move around for a completervhtion

1.20 Good for all relevant geomorphological feagure

1.50 Excellent for all relevant geomorphologicalttees

Gu Present use of the geomor phological interest

0 Without promotion and not being used

0.33 Without promotion but being used

0.67 Promoted/used as landscape site

1.00 Promoted/used as geomorphaosite or geosite

Ou Present use of other natural and cultural interests

0 Without other interests, promotion and use

0.33 With other interests but without promotion aise

0.67 With other interests and their promotion, Wwithout other use

1.00 With other interests, with promotion and use

Lp Legal protection and use limitations

0 With total protection and prohibitive use

0.33 With protection, with use restriction

0.67 Without protection and without use restriction

1.00 With protection but without use restrictiorvath very low use restriction

Eq Equipment and support services

0 Hostelry and support services are more than 25Way

0.25 Hostelry and support services are betweemd@a km away

0.50 Hostelry and support services are betweerm3.@rkm away

0.75 Hostelry or support services are less tham akay

1.00 Hostelry and support services are less than &way

UsV Usevalue (Ac+Vi+Gu+Ou+L p+EQ)

PROTECTION VALUE (maximum 3.0)

In Integrity/Intactness

0 Highly damaged as a result of human activities

0.25 Damaged as a result of natural processes

0.50 Damaged but preserving essential geomorplualbigiatures

0.75 Slightly damaged but still maintaining theesgil geomorphological features

1.00 No visible damage

Vu Vulnerability of use as geomor phosite

0 Very vulnerable, with possibility of total loss

0.50 Geomorphological features may be damaged

1.00 Other, non-geomorphological features may Inead@d

1.50 Damage can occur only in/along the accesststas

2.00 Not vulnerable

PrV Protection value (In + Vu)

TOTAL VALUE: SV + AdV + UsV + PrV (maximum 20)
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2. Method for geomorphologic assessment proposé€aiiyZALES-TRUEBA (Universidad de Valladolid, Spain)

criteria points
SCIENTIFIC VALUE

Genesis max. 10
Morphology: morphstructures max. 10
Morphology: erosional landforms max. 10
Morphology: accumulation landforms max. 1(
Dynamics: inherited process max. 10
Dynamics: current process max. 10
Chronology max. 10
Lithology max. 10
Geologic structures max. 10
Sedimentary structures max. 10
ADDITIONAL VALUES

Landscape and aesthetic max. 10
Cultural elements: association with heritage elemen max. 10
Cultural elements: cultural content (myths, paigsinliterature) max. 10
Cultural elements: historical content max. 1P
Educational value: resources max. 5
Educational value: levels max. 5
Scientific value max. 5
Scientific representativeness max. 5
Real tourist contents max. 5
Potential for tourist attraction max. 5
USE AND MANAGEMENT VALUES

Accessibility max. 2
Fragility max. 2
Vulnerability max. 2
Intensity of use max. 2
Risk of degradation max. 2
State of conservation max. 2
Impacts max. 2
Quality of view max. 2
Limits of acceptable change max. 2
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3. Method for geomorphologic assessment proposeditior

1. SCIENTIFIC VALUE

criteria points
1.a representativeness max. 1
1.b preservation, conservation max. 1
1.c exemplarity, pedagogical value max. 1
1.d similar places in the area of interest max. 0,5
1.e similar places in the state max. 1
1.f presence and diversity of meso and microforms ax.r
1.g presence of other non/geomorphologic aspeetddgical, pedological) max. 1
1.h knowledge of the site within the Earth Scienpesfessional publications max. 1
1.i geological significance (for understanding ¢fa®logical evolution) max. 0,5
1.j palaeogeographical significance (for the retrcsion of the landscapemax. 1
climate, etc.)

1.k level of legislative protection of geo(morplagic reasons max. 1
Scientific valuein total max. 10
2. ADDITIONAL VALUES

criteria | points
2.a aesthetic value

colours and their number max. 0,5
structure, number of clearly identifiable elements max. 0,5
overall aesthetic value max. 1
2.b ecological value

relation between ecologic and geomorphologic elésmen max. 1
presence of important protected species of flothfanna max. 0,5
level of legislative protection for environmentabsons max. 0,5
2.c cultural value

historical and archaeological importance max. 1
religious and symbolic significance max. 1
literary and artistic significance max. 1
2.d knowledge of the site thanks to its ecologiaekthetic and cultural values  max. 1
Additional valuesin total max. 8

3. POTENTIAL FOR USE

criteria points
3.a visibility max. 1
3.b access (on foot, by car, public transport) Max.
3.c presence of infrastructure max. 1
3.d approximate number of visitors per year maX.
3.e current use of geoscientific value max. 1
3.f current use of other values max. 0,5
3.g total number of options for the use of the site max. 1
3.h limits of the use, access etc. max. 1
3.i existence of commercial products presenting sit max. 1
Potential for usein total max. 8

4. THREATSAND VULNERABILITY

criteria points
4.a existence of current threats leading to degi@uaf the site max. 1,5
4.b potential threats leading to degradation ofsiteefor access to the site max. 1
4.c existing legislative protection max. 1
Threats and vulnerabilitiesin total max. 4
TOTAL VALUE max. 30
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Landscape Restoration after Opencast Mining. Case Study

Sokolov - East

Zdeika Lipovska

The Mendel University of Agriculture and Foresigpartment of Applied and Landscape Ecology

Abstract

This paper summarizes findings about natural
conditions of the Sokolov-East region. Emphasis was
placed mainly on the problems of landscape and its
changes in the mining and reclamation. The findings

1 Introduction

ReSOURCE is an initiative of Central European ragio
characterized by small and medium-sized towns in
which the mining industry is declining or has reten
come to its end. The aim is to restore the

about made, ongoing and scheduled reclamations were competitiveness of these structurally disadvantaged

collected as the main output of the work.

The terrain research was realized. Valuable
information was obtained through the municipal
representatives, leaders of the microregion and
Sokolovska Uhelna Mining Company.

Nowadays, Sokolovska Uhelna Mining Company is
a single company managing with coal reserves in the
Sokolov region. It specializes not only in mining,
processing and converting coal into higher forms of
energy, but also in removing effects of mining tgs
in the landscape - in rehabilitation.

The following examples of successfully completed
rehabilitation can be given: nature trail near Laran
two lakes at the former quarry Boden, Swimming pool
Michal, Lake Bila voda and Golf course Sokolov. eak
Medard-Libik is being filled with water nowadays.

The work was processed as a part of the project
Ecological and Cultural Restoration of Mining Reatgo
It is the common research of the ReSOURCE project
which is focused on innovative concepts of struadtur
changes in the mining regions, characterized byllsma
and medium-sized cities. In addition to the regiora
of landscape, the research is focused on
rehabilitation of social system and on the findiof
optimal economic basis after the termination ofirmgn

ReSOURCE is an initiative of seven regions from
five countries sharing similar problem: finding thest
possibilities for good coexistence with the fornaerd
somewhere still existing mining. Three scientific
institutions also take part in this project.

The Czech Republic is represented just by the
Sokolov-East microregion. The Mendel University of
Agriculture and Forestry is subcontracted partrighe
project.

the
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areas and stimulate sustainable development.

The end of mining does not leave just brownfields
and polluted land behind which must be cleanedng a
regenerated. Affected cities and regions face major
challenges to find new economic perspectives.

Resources from the dying industry can provide the
basis for innovative development strategies: Mining
dumps can be used for the cultivation of biomasaem
waters as sources for geothermic energy, conveyer
bridges as event backdrops - thus problems become
opportunities.

Former mining regions in Central Europe share a
number of similar potentials. This is where ReSOBRC
comes in: As an EU project, it offers an optimal
platform for exchange and for the joint developmeit
new approaches, by carefully aimed publicity measur
it increases the political awareness of opportesiin
post-mining landscapes [17].

Partners have entered the ReSOURCE project with
their own knowledge, experience and ideas to canfro
them to that coming from other latitudes tryingfired
the shortest ways to make their regions attractine
competitive.

The project whose overall budget exceeds 3 million
EURO is co-financed by European Regional
Development Fund within the Central Europe
Programme. The project was launched on the 1st of
January 2009 and will be finished on 31st of March
2012 [16].

The project includes ten partners from five
countries. The regional partners are District oickau,
Economic Region of Chemnitz-Zwickau, IBA First-
Plckler-Land and Centre for Enterprise and
Technology, Mansfelder Land from Germany, Styrian
EisenstralRe Society from Austriicroregion Sokolov-
East from Czech RepublicCity of Salgotarjan from
Hungary and Regionalni center za razvoj Zagorjenfro



Slovenia.The scientific partners are Leibniz Institute of
Ecological and Regional Development from Germany,
University Graz from Austria, Urbanistii institut
Ljubljana from Slovenia, and the subcontractedrzas
are E6tvos Lorand University (ELTE) in Budapest and
the Mendel University of Agriculture and Forestry
(MZLU) in Brno [15].

e

ReSourc

AR

Turning Problems
into Potentials

Figure 1: Logo of ReSOURCE initiative, resource][16

2 Methodology

The survey focused on the Sokolov-East microregion
which is partner of initiative ReSOURCE for the Clze
Republic. The methods of regional geography incigdi
study of literature and written sources and terrain
research were used from a methodological point of
view. The quarries, the reclaimed areas and the
individual municipalities were visited. The photaghic
documentation was taken. Various materials were
collected. Valuable information was obtained thioug
the municipal representatives, the leaders of the
microregion and Sokolovska Uhelna Mining Company.

3 Area Determination

Figure 2: The map of the Sokolov—East microregion,
source http://www.sokolov-vychod.cz/mikroregion.php
The Sokolov-East microregion is a union of
municipalities, created under the provisions of%8of
the Municipalities Act No. 128/2000 Coll. The commo
element of created microregion is the attempt to
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common action, partnership and coherence in pramoti
common interests and solving problems of commusitie
nearby the opencast mines. Municipalities, involued
the association, are affected by mining activityickh
will continue approximately until 2030. The rivethi@

is another characteristic of microregion, it forras
natural link among some of the communities.

The towns of Bezova, Chodov, Loket, Nové Sedlo a
Sokolov and the villages of Dolni Rychnov, Hory,
JeniSov, Kralovské R&i, Lomnice, Mirov4, Vintiov,
Staré Sedlo and Sabina are the members. The
association of municipalities is located in Western
Bohemia, in the Karlovy Vary region, in the Sokolov
district and also marginally in the Karlovy Varysttict
[1].

According to the biogeographical classification of
the Czech Republic [2], the territory is a partthé
Cheb - Sokolov bioregiont is a basin which is filled
mainly with acid sands and clays, with numerous wet
habitats and biota disrupted by opencast miniFige
main part is represented by oak-coniferous of 4th
vegetation belt, potential vegetation is represeriig
acidified oaks, alders and low bogs.

It is the prehistoric settlement area. Most of the
bioregion area was deforested, the secondary stauct
of wood (spruce, pine) predominates in existingéts.
Previously, there were a lot of meadows and pastime
the recent past, their area was strongly reduckdrerl
are numerous lakes in the western part, while dsteen
part is characterized by anthropogenic forms (opsihc
mines, dumps, evaporation ponds).

According to Quitt [6] the territory is located &
slightly warm area SL 4 and SL 7. The climate is
slightly warm and relatively dry due to the rairadbw.
The territory is under the influence of strong cewil
temperature inversions, particularly in winter nmt
The Ofte valley is characteristic by exposure climate
and higher valley inversion [2]. The average annual
temperature is around 7°C, the average annuabihigf
700 mm in diameter [10].

Basic rock formations are represented by sands,
clays (partly tufitic) and neogene gravel. Subsoil
crystalline appears in numerous places. The rédief
mostly flat and it has the character of rugged nghland
flat highland from 75 to 150 (-170) m high [2].

Brown soil is the most widespread soil type, it is
usually strongly acidic. Soil conditions are strigng
influenced by coal mining and the following soil
creation, made by agricultural or forest reclanmatio
mainly on the dumps, pit-run gravel quarries,
evaporation ponds etc. These are typical anthrapoge
and degradation soils, often on acid intoxicated
substrates of different chemical and physical prige
and granularity composition [14].

The territory belongs to the @hbasin [14]. There
are a lot of ponds and some of them are used $br fi
breeding. There are also numerous sedimentatides tan



around industrial zones. In the last decade, whser

concentration of industry were the reasons. Espgcia

been used to reclaim the areas affected by opencastopencast coal mining changed the form of large

mining.

According to Skalicky [7], the area belongs toyhill
vegetation zone.

Flora is not very rich but, due to the specific iaed
it is enriched with scarce elements. The bioreg®n
characterized by a strong representation of suliatla
species. It has a typical hercynian flora with west
influences Erinaceus europaeus Pseudohydromys
occidentalis Bufo calamitd [2].

4 Landscape and Reclamation

4.1 Impact of Mining and eclamations

on Landscape

Opencast mining affects all landscape componerds an
functions. After initiation of mining, the ongoing
landscape development is disrupted, the original
ecosystems are removed, the original topography is
significantly changed, the fundamental ecological
relations are irreversibly disturbed, and biodiitgrés

landscape units in northern Bohemia. The territory
affected by mining activities is estimated at ab®ti0
km?. It consists of lignite quarries, dumps of oved®amr
soils, areas in various stages of reclamation and
operating areas. Under current legislation, theimgin
companies are required to remove the effects ofrmgin
by reclamation. Regeneration of the area after mgiiné

a challenge. It is not enough just to ensure thbildty

of slopes, to plant vegetation in the devastatedsarto
ensure the care of forest cultivation and farming
techniques to achieve good growth of biomass. thés
revitalization of regional units which would leaal the
creation of new ecologically stable and aesthetic
landscape, including restoration of its functiohg][

4.2 Sokolovska Uhelna Mining
Company

Sokolovska Uhelna Mining Company, a.s. was
established by the majority property investmenthaf
former state enterprises Fuel Comparigdbva, Lignite
Mines Bezova, Reclamation Sokolov and Mine
Services Sokolov on the®1lJanuary 1994. The main

rapidly reduced. These consequences are compoundedfields of company activities are lignite mining aitd

into total ecological destabilization and into ahation

of the aesthetic values and the recreational pateott
the landscape [8]. Specialists call this situation
landscape memory loss [9].

By the law, it is clear that the mining companies
themselves are
rehabilitation of the land. Procedures of landscape
restoration are processed for each mining site rgéipe
till its mining termination and they are continubus
updated according to the particular process of mgini
activities. The need for this long-term planning is
dictated by the fact that the quarry which occuges

modifying into fuels and commercial activities wite
resultant products [3].

The company has to remove the effects of its
activities. Sokolovska Uhelna Mining Company tries
create valuable landscape units. They try to crbath

required to carry out subsequent biologically valuable ecosystems and conditions for

recreational activities.

There are performed mainly forest, agricultural and
water reclamation in the Sokolov district [3].

By the end of 2006, most of the rehabilitated land
was reclaimed by forest reclamation (over 58% of
realized rehabilitations), followed by agricultur@ver

area of several square kilometres and has a decades35%) and only 2.5% by hydric rehabilitation (thstrby

lifespan, affects the landscape in surroundingaftong
time and conditions for its future use are madeglon
before the biological rehabilitation - thus duritige
mining and manipulating with overburden masses.[11]

Ko Y b
Figure 3: Druzba Quarry, photo Z. Lipovska
The Podkrusnoho area was considered as the most

anthropogenic affected area of the Czech Repuinlges
the sixties. The opencast mining of lignite andhkig
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the other ways) (according to [3]). The share ofewa
reclamation is growing today. This is not only doehe
demand for recreational sites but also due to dinesit
price of this recultivation type.

The forest reclamation is realized mainly on the
slopes, Gray and Black alder, Bergahorn, Europsan a
Durmast, Oak and Crane are often chosen from
broadleaves, Scots pine, Norway spruce and European
larch from conifers. Domestic shrubs, especially
fruitful., are also planted there.

The agricultural reclamation is made using either
topsoil, removed during the land occupation, irayet
about 35 cm or without topsoil, straight on cyprelsy,
which creates the majority of local dumps.

The land affected by mining is usually regenerated
by technical reclamation. It is based on the use of
technical and biological processes which aim at
restoration of economic use of devastated areds [13

The conventional rehabilitation focuses primary on
improving the production function of reclaimed larid



also tries to improve non-production function,
particularly in the areas of matter and energy fiowhe

recreation for residents of Habartov town and viitgi
The adjacent territory is grassed and being affedes

ecosystem, such as reducing surface runoff, erosion Michal — swimming pool

reduction etc. But even the recultivation is wetind,
the improvement of non-productive landscape feature
is usually not sufficient, especially in the bioglisity
recovery. Sokolovska Uhelna Mining Company, with
the participation of other organizations, suppdte
creation of biologically valuable ecosystems in the
dumps since 1992. In fact, this is the extra actessis
not completely legislatively and methodically resa
yet. For example, our current legislation providedy
the creation of production areas as recultivation

measure, whereas a certain percentage of space is

already pre-defined for the production of biolodjica
valuable ecosystems in Germany. Sokolovska Uhelna
Mining Company chose this solution because they had
to respond in advance to the existence of an istiege
natural area in the foreground offiJguarry whose
extraction was necessary for further operation hef t
quarry. It was necessary to design and implemesgta

Figure 4: Swimming Pool Michal, photo Z. Lipovska

The lake about 29 ha large was made on the Michal
quarry. Swimming pool Michal is the largest
recreational pond near Sokolov. It was built in 2@MHd
it was made operational in 2004. Fuel tank capdsity
800,000 M, maximum depth 5.6 m and average depth

of measures acceptable to the residents of nearby 2.85 m. The dimension of maximum level in the t&nk

municipalities, government bodies and public
authorities. This led to research aimed at assgtbim
possibility of creating similarly biologically vaible
ecosystems in the mining dumps [3].

Three types of potential forest cover (wetland glde
acidified oak and pine oak and xerothermophilous
formations on a limited area) were presented inraft
mine dumps area of Sokolovska Uhelna Mining
Company. Water and bog phytocenose, spring
phytocenose, phytocenose of saline soils and
xerothermophilous formations of slopes are consider
as non-forest phytocenose. For the overall restoralf
landscape features, wetland type of communitiesildho
be preferred (in the corresponding positions and
locations with undistorted stability of the dumpdiph
Thermophilous oak and xerothermophilous hems are
suitable for dry south exposure [4].

4.3 Reclamation Examples

Made reclamations
Jezek’s nature trail and arboretum

The so called JeZek’s nature trail was built tonea
about environmental specifications of mining dumps
and their natural development. It was built in the
southwestern part of Podkrusnohorska dump above
Lomnica village in 1995. There was created a large
arboretum on Antonin dump near Sokolov.
Boden Quarry - fish farming and recreation

Two smaller lakes were made in the reclamation pit
of the Boden quarry about 300 meters far from
Habartov town. The smaller one is about 5 hectares
large, with cubic capacity of 75,000°mnd a maximum
depth of 4 m and it is used for fishing. The largee is
10 hectares large, with the cubic capacity of 328,07
and a maximum depth of 6.5 m and is used for summer
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452.00 meters above sea level [3].

The construction of recreational sports complex
which would improve the use of lakes was built ba t
northern slopes of the dam. There are a sandy beach
grassed areas with mature trees and buildings @élso
background, as a restaurant, changing rooms, skpwer
including network engineering and driveway with a
large parking lot. A switchback, a water slide ating
piers, shipyards and minigolf were also built [1Bhe
forest rehabilitation is ongoing in the rest of foemer
Michal quarry. Planning documentation incorporated
the tank to the suburban zone of Sokolov.

Smolnice dump - Bila Voda

Smolnice dump is located betweerre¥ova and
Chodov. Lake called Bila Voda (White Water) is
situated on the edge of this dump. A sandy beach fo
recreational and sports activities was created by
Sokolovska Uhelna Mining Company in 2003. The
surroundings of lake were transformed by forest
reclamation and grassing.

Golf course

=

Figure 5:Golf Course Sokolov, photo Z. Lipovska

A golf course was built in the eastern part of &y
site near Dolni Rychnov.



The golf course is situated at altitude of 430 m
above sea level and it covers an area of aboutha00
Height difference between highest and lowest paints
the pitch is 42 meters. Overall length of 18-hadeirse
is 6,288 m. The area of green is from 50btn640 M
large, total area is 13,79% nEach hole has 4 tees [18].

Ongoing reclamations

Medard - Libik

Figure 6: Water filling of Medard-Libik Lake, poto
Z. Lipovska

The reclamation of remaining pits of former quasrie
Medard — Libik, Litov — Boden and Gustav is curkent
ongoing. The lignite mining in the Medard — Libik
quarry was completed in March 2000. The lake varian
of reclamation was chosen after examining of sdvera
options [5]. Future Medard — Libik Lake should be
filled up to 2012. The total area will be over 484,
maximum depth 50 m [3].

Reclamation of the surroundings is mainly
performed by forest method of natural character. It
should function as suburban recreational foreste Th
total area of 1,183 ha is divided into 619.42 hestaf
forest reclamation, 497.88 hectares of water
reclamation, 50.73 hectares of agricultural rectona
and 14.97 hectares of other reclamation [3].

The eastern part of the territory should be used fo
recreation - water sports, sports center and réorea
accommodation of various forms. A space for culture
and art would be created in the western part, builSt.
Mary Chlum (in landart style), education, science,
research, golf courses and recreation [20].

Planned reclamations
Z00

In the next stage of the planned reclamation work,
the reclamation of Silvestr Il.LA dump is being izedl.
It is situated betweeniBzova and Dolni Rychnov. The
area is about 100 ha. This phase aims to buildoa zo
park, biocentre and geological and ecological puaiiis
the requisite background. Michal site and Silveste
should become sports and recreational area irutbeef
Ji¥i and Druzba

The last remaining large pit in Sokolov region,
formed at the end of coal mining infiJand Druzba
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quarries after 2036, is considered to be fillechwiater.
The lake about 1,322 ha large, with a volume of 515
million m? of water, with a maximum depth of 93 m,
should come into being. Both of these large dares ar
being supposed to be filled with water from theeriv
Ohre.

5 Conclusion

The work aims to unite the knowledge about natme: a
landscape conditions of the Sokolov region. The
Sokolov-East microregion has been long known fer it
bad image as the landscape polluted and damaged by
industrial and mining activities, however, nowad#ys
landscape hides a big potential. During reclamation
activities, the new landscape is being created itsd
creation can be, to some extent, influenced by the
wishes of local municipalities and their inhabitant

Sokolovska Uhelna Mining Company has a statutory
obligation to remove the effects of its actionse&r
benefit for the local area is that the manageméthe
company, which is also the largest employer in the
region, is composed of the local people.

Sokolovska Uhelna Mining Company realized a big
amount of forest, agricultural, water and other
rehabilitations. In particular, forest, water anthers
rehabilitations mean potential for the recreation
development in this area. Water tanks, arboretum,
nature trails, biking trails, golf course, variogports
etc. came into being there. However, only recreatio
and landscape restoration will not be enough far th
reconstruction of the region when mining ends.
Thousands of jobs will disappear, thus it is neggsto
look for new opportunities in all possible sectors.

The local landscape also offers a great opportunity
to science and research, particularly in reseafctine
development of succession stages in dumps and
quarries. Therefore, it is very appropriate to ogesta
part of the area naturally. Sokolovska Uhelna Mjnin
Company supports this method but the problemséds th
current legislation - since the mining sites ar¢emf
removed from the agricultural land resources odJan
designed to perform functions of the forest, just
temporarily.

As a part of ReSOURCE initiative, not only
landscape problems, but also economic and social
problems, will be solved. There is a need for
cooperation of municipalities, businesses and
administrations at the national level and the tiemef
international experience in Central Europe is dgual
important.
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Meéstsky marketing na p Fikladu okresu Svitavy

Libor Lnénicka
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Abstrakt

Hlavni pilit méstského marketingu fpdstavuje
ekonomicky, sociélni, kulturni a fyzicky rozvoj éab
mésta. Zakladnim determinantem &Spého rozvoje
kazdého je schopnost komunikace a kooperace mezi
vSemi relevantnimi aktéry jako jsou podniky, firmy,
komunalni politici, sprava #sta, svazy, sdruzeni,
neziskové organizace, kulturni a religiézni instiu
atd. Restoze pedstavy a zajmy jednotlivych akiér
jsou v mnoha fipadech diferencované a na prvni
pohled problematicky stitelné, musi byt parcialni
zajmy odpovidajicim Zisobem eliminovany ve
prosgch flexibility a konkurenceschopnosti ésta

s naslednou implementaci do strategie rozvajstm
Méstsky marketing jako koncept zalozeny na
komunikaci a kooperaci nabizi perspektivni Sanci
spojit Kizné aktéry nejenom v ramci jednoho projektu,
ale i v ramci kontinudlniho celafstského
udrzitelného rozvoje a tim integrovat five
heterogenni sily vjeden efektivni celek. Zaem
toho pispsvku je ukéazka uplébvani princig
méstského marketingu na regiondlni Urovni v oblasti
cestovniho ruchu nafiladu okresu Svitavy, potazmo
na Fikladu turistické oblastieskomoravské pomezi.

Abstract

The key element of the city marketing is represgnte
by the economic, social, cultural and physical
development of the whole city. Basic determinarits o
the successful development is the presence of
cooperation and communication competences among
all relevant actors like companies, local politiga
city administration, unions, associations, non-prof
organizations, cultural and religious institutioretc.
Despite the fact that in many cases the visions and
interests of the individual actors are differemidan

first sight they lack synergy, the partial intesestust

be appropriately eliminated in favor of the fleiyi

and competitiveness of the city with consecutive
implementation into the city development strategy.
Basic aim of this paper is the new instrument of
regional development - city marketing in case study
region Svitavy. For the case study was choiced the
branche of tourism.

Kli¢ova slova: mestsky marketing, cestovni ruch,
okres Svitavy, turistickd oblastCeskomoravské
pomezi.
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Key words: City marketing, tourism, region of
Svitavy, tourist district, region ofCeskomoravské
pomezi.

1 Uvod

V souvislosti nastartovanim nového &m politiky
cestovniho ruchu @eské republice po roce 2000
(Koncepce statni politiky cestovniho ruchu 2002 —
2006 a Koncepce statni politiky cestovniho ruchu
2007 — 2013) dochazi stakastji k prohlubovani
spoluprace mezi jednotlivymi sektory narodniho
hospodéstvi. Koncepce iedstavuje $edredoby
strategicky dokument, ktery vychazifepevsim

z rozvojovych moznosti cestovniho ruchu Geské
republice a dinnymi nastroji podécuje jeho dalSi
rozvoj. Zakladnim atributem Koncepce je rozvoj
odwtvi cestovniho ruchu, ktery vychazi z mobilizace
zejména privatnich zdnbj zangienych na cestovni
ruch a dale také rozvoj systémového a koticdm
pristupu véejné spravy na vsech drovnich jako zdroje
konkurenceschopnosti, za&stnanosti a hospotia
ského t#istu zejména v Uzemich s vhodnym po-
tencidlem pro efektivni rozvoj tohoto atvi.

Pokud budeme vychazet =zddh priorit
nastavenych v koncepci, musime¢itapracovat i
S novymi nastroji uplabvani koncepce v konkrétnim
regionu a v fipad cestovniho ruchu v konkrétnim
turistickém regionugi oblasti. Hlavni prioritou naSeho
zajmu je prioritac. 3: Marketing cestovniho ruchu a
rozvoj lidskych zdraj. Pra¥ marketingové nastroje
mohou vyznam& nastartovat pozitivni bilanci
cestovniho ruchu vdaném oblastii regionu.
Marketing pati mezi zakladni nastroje stimulace
regionalniho rozvoje na lokalni, regionalni i narbd
Urovni. V piipadc menSich sidelnich celksi jej
dok&zeme fedstavit ve forrd méstského marketingu,
tedy nastroje podporujiciho komunikaci a kooperaci
mezi stranou poptavky a nabidkyieBevSim pak
klade diraz na institucionalni zaji&ti komunikace a
kooperace, fiemZ zohleduje procesni inovace
viizeni rozvoje rekkych lokaliz&nich faktof,
jejichz charakter umaitije stimulaci a rozvoj z lokalni
arovre tj. mést (Rumpel, 2001).

Z hlediska orientace &stského marketingu na
jednotlivé sektory (bydleni, maloobchod, aprysl,
doprava, zivotni progdi apod.) Mizeme definovat
jako samostatny sektor i cestovni ruch ve fomaf.
destingniho managementu. Aby vSak destimia
management splnil svoji Glohu,&mby orientovat na
SirSi Uzemi, nez jen na Uravé&onkrétniho sidelniho
celku. Proto v gkterych turistickych oblastectieské



marketingu také do regionalni Ur@nFenoménem
souwasné doby je zakladanitzanych destinénich
agentur, marketingovych organizaci atd., a to \&e z
Ucelem zaji&ni spol€éné spoluprace v oblasti
propagace cestovniho ruchu dané oblasti.

2 Destina €ni management jako
kli €ovy nastroj marketingu

Ceska republika stoji dnes zhruba na prahu Il. etapy
charakteristické vznikem regionalnich organizaci
cestovniho ruchu. Je takéepmé, Ze management
destinaci vtomto Uzkém pojeti je aplikovatelny
pouze v turisticky exponovanych oblastech, ve
kterych paiti cestovni ruch k pitim ekonomické
zakladny a kde p®t navSvnikia prekrauje
.Kritickou“ hranici pro budovani vysfiych forem
destingnihoftizeni.

Tento fakt ma dlezité implikace pro pochopeni
zpisobu fizeni cestovniho ruchu Geské republice,
ktery je s ukitym zjednoduSenim ve fazi, kterou si
procklaly vyspElé destinace typu Rakouska nebo
Svycarska fed 20-30 lety. Budovaniagiéry a hledani
forem spoluprace mezi konkrétnimi subjekty v Gzemi
je dlouhodobou zéalezitosti a navic je remsitelné.
Budovani destinmiho managementu @R tak neni
mozné zalozit na prosté aplikaci zahtanch moded,
které vznikaly v dlouhodobém procesu a natdsto
v rozdilnych institucionalnich podminkach. Zahtaui
zkuSenosti ale mohou byt minimalrinspiraci i
koncipovani podpory destitiaiho fizeni vCR.
Jednou ze slabin turistickych destinaciCaské
republice je absence produktovorientovaného
piistupu k cestovnimu ruchufipemz se vynakladaji
ponmerné velké finarkni prostedky na propagaci st
a kraji na nejtiznéjSich veletrzich. Bez kvalitniho
systému propagace cestovniho ruchu sjasn
vymezenymi vazbami na kvalitni management a
vefejnou spravu, jsou tyto prastky vynakladany
neefektivig.

Pro rozvoj cestovniho ruchu v regionu — destinaci
v CR je tedy prvotni a neoddiskutovatelnouipbbu
vytvoreni destingniho managementus ustavenim
funkce profesionalniho manazera regiondestinace.
Hlavnimi aktéry v fizeni museji byt manazer -
starostové rst a obci — podnikatelé — vlastnici
nejvyznamijSich pamatek — krajsky fad, ktei
spol&né zajisti financovani z wejnych i privatnich
zdroji.

Podminkami rozvoje cestovniho ruchu je
existence vhodného potencialu, ktery je vazan
zejména na krajinny raz, existenci historickych
pamatek, moznosti sportovniho a kulturniho vyziti,
spolehlivou a kvalitni infrastrukturou atd. Tyto
aktivity jsou vSak vcelém Uzemi naSi vlasti
rozmisény nerovnomirné, a proto je nutné zaveést
kategorii destinaci cestovniho ruchu. Destinace
cestovniho ruchu je pak cilova oblast regionu, &ter
nabizi specifické sluzby, atraktivity a produkty.
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Obecrt by tato oblast ®#la byt slozena ze Sesti
zékladnich komponeint

- pritazlivost — primarni nabidka cestovniho
ruchu (FFirodng, kulturre-historicky
potencial), kter& mnozstvim, kvalitou a
atraktivitou vyvolava navévnost,

- pristupnost sluzeb vSeobecna infrastruktura,
ktera umo#uje pistup do regionu, pohyb
mezi jednotlivymi aktivitami v destinaci,
sluzby vyuZzivané nejen turisty, ale i mistnimi
obyvateli (existence komunikaci,
zdravotnictvi, post, bank apod.),

- komfort — infrastruktura umatiljici pohyb
vregionu a vyuziti atraktivit regionu
(zatizeni slouzici pro ubytovani, stravovani,
sport kulturu atd.),

- turistické produkty —
umoziujici efektivni vyuziti  ¢asu
navstvniki destinace, usnadjici jejich
orientaci v nabidce destinace {podci,
propagéni materialy, prezentace, infocentra ,
incomingové agentury atd.),

- aktivity — jednotlivé aktivity nabizené
destinaci.

nabidky destinaci

Klicovym principem fizeni cestovniho ruchu
v destinacich je kooperace akiéze soukromého i
veiejného sektoru. Jednotlivé subjekty v systému
jednaji na béazi partnér nikoliv konkurent.
Partnerstvi zainteresovanych subjekt cestovnim
ruchu a destinmiho managementu je zakladem dobré
a kvalitni spoluprace vedouci k dosazeni spoleh
zajmi a cili. Partnerstvi a spoluprdce byélm
fungovat na principu PPP projéktJedna se tedy o
spolupraci mezi J@jnopravnim a soukromym
sektorem. Kazdy z partnerpak ma v destinaci své
Ukoly a role. Véejny sektor ma vyti@t podminky
pro rozvoj privatniho sektoru. Privatni sektor palsi
mit zadjem na fungovani ¥&ného sektoru, ktery pro
néj nemize byt soupi@em, ale pra¥ taktéz partnerem.
Zakladem pro dobré fungovani destingno
managementu v regionu je vzajemna provazanost a
spoluprace vSech subjéiiviz. Obrazek. 1).

Destinace

Ochrana pfirodniho,
kulturniho a historického
potencidlu

ZlepSeni
vysledku
Pt podnikd,
Splgie(zgn max. zisku, I
obratu apod.

e . |
Obrazeke. 1 Schematické vyj&dni destinaniho
managementu a zainteresovanych subjekt



Turistickd oblast Ceskomoravské pomezi je
marketingo¥ ovliviiovana aktivitou #znych instituci
a organizaci, zejména pak nd&j rpasobi n&stsky
marketing vyznamnych sidelnich céliegionu - nist
Svitavy, Moravska Tebova, Litomysl a Palka.
Turisticka oblast jako celek ma v ramci organizace
marketingu cestovniho ruchu na celém Gzemi
turistické oblasti jako jeden z hlavnich GkdaajiS€ni
koordinace  marketingovych aktivit a tvorbu
spol&ného turistického produktu bez ohledu na
existujici partikularni zajmy jednotlivych &st. Pro
zajiseni tohoto Ukolu jsou jiz nyni vytweny dobré
zaklady vzajemné spoluprace z#gch nest
s roz8fenou misobnosti. Velmi pozitivnim jevem
v tomto sn&ru je jiZz existujici vzajemna spoluprace a
zapojeni kapacit #st Svitavy, Moravska fEebova,
LitomysSl a Poléka. Tyto nésta vytvdily jeSt pied
ustanovenim destidai organizace pracovni skupinu,
na jejiz mdé se formovala budouci podoba
integrovaného projektu. #sta dokonce sdruzili
finanéni prostedky na spokné financovani naklad
na spolénou propagaci.

V ramci turistické oblastCeskomoravské pomezi
je marketing roz&élen na marketing prové&dy
jednotlivymi aktéry cestovniho ruchu (obce nebo
podnikatele) psobicimi v turistické oblasti. Tyto
subjekty obvykle propaguji vZzdy pouze dil¢ast
atraktivit, atrakcici sluzeb v turistické oblasti. Kroin
toho je vyznamnacast marketingovych aktivit
soustedna v ramci dobrovolnych svaik obci
etablovanych v turistické oblasti.

3 Zaver

V sowasné dob probiha VCR, mj. v souvislosti

s piipravou cel&ady regionalnich strategii cestovniho
ruchu, velmi Ziva diskuse o épobech a moznostech
systémovéhotizeni turistickych destinaci. Jednim
z charakteristickych zna#k téchto diskusi je uita
bezradnost a koncépi nevyjastinost i néavrzich
forem destin&nihotizeni, coz jist souvisi nejenom se
slozitosti této problematiky, ale také se stavajici
nevyzralosti institucionalniho prestiCR.

Pro budovéani organizaich struktur cestovniho
ruchu na drovni regianje vSak rozhodujici aktivita a
spoluprace mistnich akfér Vysledkem faktické
neexistence systémové podpory ze strany centralnich
orgami je vicemén Zivelna snaha dkterych
turistickych regiof vCR o budovani organizaich
forem cestovniho ruchu, které jsou pong riznorodé
a to jak z hlediska forem tak i &gohi fungovani.

Koncept spoluprace soukromych firem a vyerd
podnikatelskych siti zacélem realizace spaleého
projektu nebo vyrny sluzeb a informaci, ktery
piinaSi vzajemny prosgh je uvadn v rekterych
regionalnich teoriich (ndp Teorie vyrobnich okrsk
Becattiny, 1978; Brusco, 1982) jako jeden
z nejvyznam#jSich  faktofi konkurenceschopnosti
regioni. Vtomto kontextu neni spoluprace subijekt
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cestovniho ruchu a vytigni siti jejich vazeb na
Urovni destinaci obe&nnovym principem. Specifika
desting&niho managementu vyplyvaji spise
z charakteru oddtvi, pro réhoz je typicka dopikovost
jednotlivych sluzeb a jejich specifické postaveni
z hlediska marketingu nebo vyznam spoluprace mezi
veiejnym a soukromych sektorem.

Turisticka oblastCeskomoravské pomezi &da
v letni sez6d 2009 nabizet nové produkty v ramci
uplatiovani nastraj marketingového mixu. Jedna se
0 produktové batky zan®iené na konkrétni
navstvniky oblasti (nap inspirativni programy
zanefené na kulturu, historii a vyvoj fmyslu
v oblasti). Jednou ze zakladnich podminek pro
UspEsSny rozvoj cestovniho ruchu v turistické oblasti je
vzajemna komunikace a koordinace aktivit mezi
jednotlivymi subjekty cestovniho ruchu &sta a obce,
statni  spréva, turistické informiai  centra,
podnikatelské subjekty, profesni sdruzentippdré
now koncipovana destigai agentura atd.). Je
nezbytné dalSi pokéavani trendu zapojeni orgén
verejné spravy (tj. msta a obce, Pardubicky kraj,
dobrovolné svazky obci atd.) do procesu realizace
marketingu. \étSina atraktivit (turistickych il
v turistické oblasti pait obcim nebo statu. Regenerace
pamatek, turistické zgeani, ochranaifrodnich lokalit
nebo oficidlni propagace cestovniho ruchu spadaji
vyhradré do jejich pravomoci.
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Zemédélstvi a krajina jizni Moravy. Sou €asny stav

a tendence.
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Abstrakt

In the awareness of people, the agriculture is
associated with rural and rural with agriculture.
Agriculture has affected the formation of ruralrfro
the ancient history. Extension of agricultural
activity in each region is given by particular
geographical conditions and it has an importarg rol
in the development of other economic activities.
South Moravian region, due to the favorable
climatic and soil conditions, retains an important
position in agricultural production of the Czech
Republic. It became known through the tradition of
horticulture and viticulture. Besides production
functions, agriculture performs also non-production
function, such as landscaping. The rural landscape
is generally understood as a counterpart of
urbanized landscape. Traditionally it is used mainl
for primary industries, mainly such as agriculture.

Keywords: agriculture, rural, South Moravian
region, primary industries, viticulture, horticuleu

1 UVOD

Zemedélstvi je nedilnou satasti narodniho
hospod#stvi CR. Jeho dleZitost nesp&iva pouze
ve vyrol# potravin a ostatnich zewelskych
produkfi, ale méa také velky vyznam pro zachovani
kulturni krajiny a v rdmci ekologickéhotiptupu
k Zivotnimu prostedi. Celkova vyréra
zemedglského midniho fonduCeské republiky je 4
269 tis. ha (54,1% celkové rozlohy statu). Jeji
nejwtsi ¢ast gipada na pdu ornou, i kdyz jeji
rozloha klesa. Na druhé stéase z¢tSuje plocha
trvalych travnich poroét (déle jen TTP). Tento
posun Ize ozndt za pozitivni v oblastech, které
maji mér piiznivé podminky pro intenzivni
vyuzivani midy. Zengdélska cinnost je nedilnou,
ne-li esencialni slozkou venkovského prostoru,
ktery si zaslouzi p# a podporu. Zerdélstvi dnes
jiz neslouzi pouze k vyrabpotravin, ale febira na
sebe i dlezité spoléenské a ekologické funkce.
Ekologické zersdélstvi je perspektivni zisob
hospodé&eni, ktery vytvéi novy trh s produkty
ekologického  zewdélstvi, Wetn®  novych
pracovnich flezitosti, a pispiva k rozvoji a udrzb
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venkovské krajiny a k ochranvsech slozek
Zivotniho prostedi?

Zemedélska vyroba ma mezi ostatnimi sektory
ekonomiky své specifické postaveni. Na celkové
zamestnanosti se podili jen zhruba 3 %, coz je dnes
jiz srovnatelné se zapadoevropskyiieny EU
(vroce 1990 bylo u nas zhruba 6 % ekonomicky
aktivnich zanistnanych v zeguglstvi), na druhé
straré vSak zenidélci obhospodtuji priblizné 60 %
rozlohy naseho statu. Velmi vyznamnymigpbem
tak spoluutvéeji rdz a charakter krajiny. Proto ma
zen®délstvi velmi vyznamnou a nezastupitelnou
krajinotvornou funkci. V sotasnosti, v obdobi
vysoké pebytkovosti zersdélskych produki
v Evrops, tak klesa vyznam proddki funkce
zenedélské vyroby a zarove roste vyznam
ostatnich (mimoprodukich) funkci zersdélskych
farem. [6]

Termin krajina (landscape) se sklada ze slov

Jand* = zenm® a pivodre starogermanského
,scapjan“ = pracovat, o tvait. Krajinu jako
takovou lze definovat tznymi zpisoby: jako
sférickou ¢ast povrchu zemského, soubor

ekosystén, prostor, ktery Ize obsahnout pohledem,
otisk historie, ekosystém, domov atd. Krajinu Ize
vymezit a definovat v prostoru &se. Krajina je
utvéena fisobenim firodnich faktodl a v posledni
doke stale vyrazd§i i ¢innosticloveka. V takovém
piipact mluvime o krajig kulturni. Clovék
ovliviiuje  vyvoj krajiny mnoha  Zjsoby.

K nejstarSim, tzv. krajinotvornyndinnostem pat
zen®délstvi, vodni hospodatvi a stavitelstvi.
Pojem ,krajina“ — landscape nebo landschaft se
zrodil v Uzké souvislosti se z&dglstvim. [5]

Uvalové ¢asti Jihomoravského kraje a pdfh
Jihomoravskych a Btdomoravskych Karpat maji
pady s nejvy3sim prodwkim potencidlem ¢R,
ale jsou zaroue vystaveny silné antropogenni
vétrné erozi. Ta je &Sinou kombinovana se
zrychlenou antropogenni vodni erozi v malych
povodich. NejasgjSi nastroje v boji proti erozi
pidy jsou zalesovani a zatrawovani ohrozené
orné pidy. O uplatiovani tohoto zfisobu boje proti
erozi s\¥déi i narist ploch lesni fidy a TTP.

Pada Jihomoravského kraje nalezi z vetiésti
k bonitrs nejcen®jSim pidam 1. a Il. tidy ochrany.
Tyto pidy se ve velké mé vyskytuji gedevsSim
v okresech Beclav a Znojmo. Tato ffhranini
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oblast je sotasrt vystavovana velkému tlaku ze
strany investar na obrovské zaborytdy pro iizné
Ucely. V Jihomoravském kraji dochazi v porovnani
s predchazejicimi roky k Ubytku zexuglské pidy.
Tradiéné ubyva orna pda a naopak v isledku
zatrawiovani doSlo k mirnému navySeni TTP.
Snizovani ploch zekdélské pidy se dje
predevSim na Ukor ostatnich ploch (zastgeh),
ale také na ukor lesniagdy. Zalesiovanim se
zvysila plocha lesnichidl o cca 140 ha.

Prace je satasti projektu DERREG ,Rozvoj
evropskych  venkovskych regibn v obdobi
globalizace* na jehoZeSeni spolupracuje Ustav
aplikované a krajinné ekologie (MZLU Brno).
Projekt je sovasti 7. ramcového programu EU.
Projekt zahrnuje sedm pracovnich balik toho
MZLU pracuje na pracovnim baliku jedn#,a Sest
(WP1- Globélni zapojeni a lokdlni zalozeni
venkovskych podnik WP3 - Environmentalni
kapitdl a udrzitelny venkovsky rozvoj,WP6 -
Diseminace vysledy. Déale se zapojila
do pracovniho baliku & (WP5 - Syntéza a
kontextualizace vyzkumu a vyvoje, tvorba
interpretativniho modelu) v rdmci dodani podkiad
o Jihomoravském kraji pro srovnavaci analyzu
jednotlivych regiod. Cilem toho pispivku je
zmapovat satasny stav krajiny a zetdélstvi na
jizni Moraw. Analyza bude slouzit k porovnani
jednotlivych regiofi, které se podileji na projektu
DERREG v dsledku globalizénich vlivi na
venkovskeé regiony.

2 Krajina jizni Moravy

Prirodni vlastnosti krajiny maji vliv na #pob
jejiho  vyuzZivdni a na Zgob Zivota v ni.
Vyznamnou nmnirou tedy bd piimo, nebo
zprostedkovag maze ovliviiovat i rozvojové Sance
daného UGzemi. Vhodné klimatické podminky
s dostatkem Urodnéigdy, zejména v jiznickiastech
kraje, umoznily roz$éni gstovani hospodakych
plodin. Kraj je rozdlen na sedm delovych zén,
které maji odliSnéifrodni podminky a potencialy a
tim i odliSné zpsoby vyuziti. Vyjimku tvdi pouze
z6na “Aglomerace Brna”, kde urbanira procesy
pievladaji natolik, Ze jsou ffsodni potencialy
potlateny az séeny.

Ucelové zo6ny jsou:JeviSovicka pahorkatina
Zemedelsky jih, Pomoravsky koridgrBilé Karpaty
a PodBlokarpatj Zdanicky les a Ciiby, Drahanska
vrchoving Aglomerace Brna. [4]

3 Struktura vyuziti zemi

V jizni ¢asti kraje je rozvinuto vinohradnictvi a
ovocnd&stvi. V navaznosti na tradici vifgvi
v kraji vznikl projekt Moravské virigké stezky,

2 www.kr-jihomoravsky.cz
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jehoz cilem je rozvoj viratvi a udrZitelna
venkovska turistika na jizni Morayv[7]

Na druhé strah maji v kraji oproti paméru
v CR daleko niz&i zastoupeni trvalé travni porosty
(4,0 % v kraji, VCR 12,2 %). Rda pobliZ dalnic a
rychlostnich silnic je stale velmi atraktivni pro
investory,éasto dochéazi i k zabm pid v I. fideé
ochrany. Sotasré dochéazi ke zvySovani podilu
pozemk zengdélsky neobhospodavanych, u
kterych se vlastnici snazi dosahnouttmgnvyuziti
pozemki zen¥délskych na pozemky stavebni.
Snizovani rozlohy ze#dglské pidy a zngny
v prostorovém  usgadani  fidniho  pokry-
vu/piadniho fondu je dopad neregulovaného, resp.
Spat regulovaného prostorovéhoustu sidel,
piedevsim rast, ale lokals i malych sidel (urban
sprawl, ribbon development). Sfjed to casto
v piekotném #stu hypermarkét i produkénich
ploch — ptimyslovych i smiSenych zén na Grodnych
zentdélskych pidach. Dochéazi zde k nadmé
koncentraci automobilového provozu jak osobnich,
tak nakladnich aut, naruSeni krajinného razu.

V Jihomoravském kraji obhospdd&ana
zenedélska pida gedstavovala vymru 363 tisic
hektan, z toho orna fida tvaila 89,6 %. NejetSi
dil z celku obhospodavané fidy, a to 86 %, si
zenedélci najimaji, zbyvajici¢ast je vyuZivana
vlastniky pozemi. V dokg Seteni lezelo ladem
325 hektait plochy. Téndi 80 % celkové vyrry
obhospodiované fdy je vyuzivano podniky
pravnickych osob, z toho té&th44,7 % spravuji
akciové spolenosti. Podle strukturalnino $ehi se
Jihomoravsky krajfadi v krajském srovnani na
Stvrté misto v rozsahu obhospddeané
zenedélské pidy celkem, a to za krajei®tiaiesky,
Jihatesky a Vys¢inu, a na druhé misto v rozsahu
obhospodigvané orné ydy celkem za kraj
Stredatesky. Od roku 2003 zaznamenala rozloha
obhospodivané zerddélské pidy jen mirné
shizeni, zvySuje se vSak vyuziti vlastniidp
majitelem pozemk a naopak klesd zajem o
pronajem gdy.

Plocha TTP se v Jihomoravském kraji
v pribéhu sledovanych let postupnrozristala.
Z devadesati procent ji t¥o louky a pastviny
a2,4% vymry pripada na extenzivni pastviny.
Zbyvajici ¢ast edstavuji trvalé louky a pastviny
nevyuzivané k produkci. Vice jaketina plochy
s trvalymi travnimi porosty celkem pato okresu
Blansko, ¢tvrtina do okresu Hodonin a 16 % do
okresu Brno-venkov. [2]



Tab.¢.1 Bilance fdy v JIMK (ha)

1991 1994| 1996| 1997 1998 1999| 2001| 2002| 2003| 2005| 2006 2007
706 706 706 706 706 706 706 706 706 719 719
Celkova vymeéra 509 627 651 634 225 5 570 545 562 633 630 719 555
428 427 427 427 427 427 427 426 426 431 430
Zemédélska pida 310 786 438 385 696 580 059 612 294 563 858 429 851
v_tom:
359 359 359 359 360 360 359 359 358 359 358
orna pida 342 226 166 455 450 262 439 019 062 498 469 357 309
zahrady 15175| 15237 15305 15446| 15472| 15573| 15616| 15654| 15985/ 16 010 16 090
ovocné sady 10 486] 10394| 10276] 10093| 10000/ 9920 9596 9198| 9315 9292 9 252
trvalé travni porosty 28 844| 28 633| 28464| 27815 27 957| 28127| 28118| 28 325| 29844| 29 931 29 837
chmelnice
vinice 14 055| 14010 13884| 13892| 13889| 14000 14 263| 15055| 16 920| 17 156 17 362
278 278 279 279 278 278 279 279 280 288 288
Nezenédélska pida 199 841 214 250 529 975 511 933 268 070 772 289 703
v_tom:
195 195 195 195 195 196 196 196 196 201 201
lesni plochy 703 742 943 896 945 102 173 182 099 169 311 201 418
vodni plochy 14 534 14 653| 14618| 14 743| 14 840| 14837| 14874 15115 15221 15 345
zastawné plochy a
nadvori 13982| 14022 14042| 14045| 13964| 13979| 13974| 13959| 14122| 14149 14 147
ostatni plochy? 69 117| 54 713| 54659| 53921| 54 166| 54 519| 54 940| 55336| 57 665| 58 090 58 93

1

v roce 1994 ¥etns vodnich plochPramen:Cesky statisticky d

Mapacé. 1 Podil zersdélské pady na katastralnim Gzemi obci Jihomoravského Ke&e. 12. 2008
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Grafé. 1 Struktura pdy v JMK v roce 2007
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3.1 Ekologické zem édélstvi

V Jihomoravském kraji bylo k 31.7 2008 evidovano
130 podniki, ve kterych je provozovano ekologické
zentdélstvi. Protoze pozadavky ze strany
odkératei tohoto druhu potravin nastaji,
vyvstava pirozeny zajem i ze strany podnikatel
piizpasobit se vzniklym pdebam. Soéasré
dochazi ke zvySovani podilu pozeimkenedélsky
neobhospodavanych, u kterych se vlastnici snazi
doséhnout ziny vyuziti pozemk zengdélskych
na pozemky stavebni. V poslednich letech je patrny
narist orientace podnikna tento typ hospoteni.
Pozitivni trend lze zaznamenat v égtu rozlohy
ploch i pa@tu farem v produknich oblastech jako je

i Jihomoravsky kraj.

Vyméra zenddélské pidy registrovanych
ekologickych farem fedstavovala rozlohu 9 056,1
ha (k31.7 2008). Ne#sSi rozlohy evidovanych
ploch pro ekologické ze#délstvi zaujima v kraji
ornda mda, TTP a plochy kgstovani zeleniny a
bylin. Jihomoravsky kraj ma nejvice ekologickych
vinic v ramciCR (v roce 2007 to bylo 227 ha). [1]

4 Situace zem édélstvi na jizni
Morav é

V souwlasné dob v zengdélstvi pracuije jiz jen mala
¢ast obyvatel (cca desetina @étina ekonomicky
aktivnich v jednotlivych venkovskych obcich).
Znany podil ekonomicky aktivnich obyvatel na
venkow¥ pracuje ve sluzbach, {myslovych
provozech a vemeslnych dilnach. Pro obyvatele na
venko¥ je typickad dojif’ka za praci do wst.
Hlavnim sektorem za#stnanosti ve venkovskych
obcich je pimysl s 36,3 % pracujiciho
obyvatelstva. Sektor sluzeb z&mava 32 %
pracujicich venkova. Rostouci velikost a zlepSujici
se dopravni poloha obce souvisi srostoucim
podilem zardstnanych ve sluzbach a sasré

s poklesem zadstnanych v zewtélstvi.
Nezangstnanost ve venkovském prostoru je &iln
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ovlivnéna dopravni polohou obce, tedy obtiznosti
dojizd’ky.

Zemedélstvi se podili na celkové hrubégané
hodnot kraje 2,9 %. Zerudélstvi a lesnictvi,
v porovnani s ostatnimi segmenty ekonomiky, je
vSak specifické fedevSim svoji &snou vazbou
k biologickym procesm. Pro pozici zemdélstvi
nejen v ekonomice kraje ma mg vyznam
skute&nost, ze kraj ma zi&ay podil zenidglské
pidy na celkové vyre Uzemi, ktery fekratuje 60
%. Také podil orné tmy 50,9 % vyndry Gzemi
v Jihomoravském kraji (R 39,0%) méa zasadni
vyznam pro zrény krajiny. Vedle standardni
zenedélské prvovyroby se kraj v porovnani
s ostatnimi regiony’R vyznauje dilezitymi obory
specialni produkce, fpdevSim ovocrigtvi a
vinarstvi. Pameérna lesnatost kraje dosahovala
vroce 2007 pouze 27,4 %, coz je ménez
celostatni pimér (33,4 %). V sotiasné dob se
znateld méni zejména pozice zemkIstvi a
lesnictvi ve vztahu k ochrana tvork zivotniho
prostedi. Zdroje vody, fedevSim pitné, jejichz
strategicky vyznam pro rozvoj civilizace ma stejnou
vahu jako energetické zdroje, které jsou v kigjin
Tu svoji¢innosti dominanth ovliviiuje zengdélstvi
a lesnictvi. Také rostouci poptavka zejména
meéstského obyvatelstva po prostoru k odipku a
rekreaci ve venkovské krafinje do zn&né miry
véci zentdglci a lesnik. Z mnoha dvodi je tudiz
nevyhnutelné vnimat pozici zeédglstvi a lesnictvi
v Jihomoravském kraji podsta&tikomplexrgji nez
je dosud obvyklé. Perspektivu jihomoravského
zentdélstvi a lesnictvi bude utvat také
transformovana spalea zenddélska politika EU
realizujici trend integrovaného rozvoje zefistvi
a venkova.

Jihomoravsky kraj p&t mezi nejproduktivysi
zemsdilské  oblasti CR.  Témt  polovina
zenedélské pidy (47,2 %) lezi v kukiicné vyrobni
oblasti. V pdadi druhou nejvyznamdjsi vyrobni
oblasti kraje je oblastepdska (36,7 %). Ve
vyrobni oblasti bramboréké lezi 12,3 %,
brambor#ésko-ovesné 3,4 % a horské 0,4 %
zenedelské pdy.

Specializaci zewuélské vyroby kraje je
orientace na ovocigtvi a vinohradnictvi. Té#i
90 % vynery vSech vinic vCR piipada prag na
Jihomoravsky kraj (48 % fipdstavuje okres
Breclav). Vinohradnictvi je rozvinuto v okresech
Bieclav, Hodonin a Znojmo. V kraji se nachazi také
vice nez ptina ovocnych sadcelé republiky.

| na jizni Mora¥ se projevuji globalni vlivy,
které znamenaji Ustup od prodok funkce
zenedélstvi. Ale vzhledem k vybornymifrodnim
podminkdm nejsou tyto zfny tak vyznamné jako
v jinych oblastech. ##msna orné pdy na TTP se
realizuje gedevsim také v méndrodnychc¢astech
kraje na Blanensku. DalSi variantou &m je
ekologické hospodani. Ani to neni
v Jihomoravském kraji iiliS rozvinuto, nebt se



rozviji predevSim v regionech s horSinfiinpdnimi
podminkami. Celkem se vkraji upiatvalo
ekologické zerddélstvi na 9 tisicich ha (2008).
V roce 2007 lezelo v kraji ladem celkem 708 ha
zenedélské pidy.

4.1 Hospoda rska situace JMK

V Jihomoravském kraji k 30. #a2007 misobilo
v zenedélstvi 8 165 hospodé&ich subjeki. Ve
srovnani kraj registruje Jihomoravsky kraj n&péi
pocet podniki zabyvajicich se zexdslstvim (CR
20,7 %).

Paty podniki se zemdélskou cinnosti se
postup® snizuji. Jihomoravsky kraj jako kraj
vyznamné zegudélské produkce ztratil nefSi
objem tradinich zpracovatelskych kapacit masa,
mléka, ovoce a zeleniny ze v3ech Wr&gR. U
zbyvajicich kapacit hrozi dalSi redukce vzhledem
k jejich nizké konkurenceschopnosti v ramci EU.

Patet pracovnik v zengdélstvi v Jiho-
moravském kraji se v roce 2007 protiedchozim
rokam zvysSil. Podle Sé¢ni se wijnu 2006 az za
2007 toutocinnosti zabyvalo tési 34 tisic osob,
COZ je v porovnani s ostatnimi kraji n&li paet.
Z vékové struktury pracovnik je patrné, ze
uplatréni vtomto od¥tvi nachazi z&Si casti
osoby stedniho a vySSiho&ku, protoZze neéetrejsi
skupinou jsou osoby vesku 45 az 54 let (26,8 %)
a dale paktvrtina osob je ve stA55 az 64 let.

5 Zména vyuziti p ady
Alternativou zemidélské funkce je lesnictvi. Pozice
lesnictvi v Jihomoravském  kraji a vztah
zentdélstvi a lesnictvi je vymezen f@devSim
dinnosti ve spokném prostoru venkovské krajiny.
Oba tyto hlavni oboryisobeniclovéka na zivotni
prostedi je nutno nazyvat filosofii trvalé
udrzitelnosti rozvoje. Lesni hospdd&vi se na
rozdil od zemdélstvi vyznauje dlouhodobosti
svého hospodani. Postupny igchod zergdélstvi
v Jihomoravském kraji k nepotraviis&é produkci
a nevyhnutelné snizovani podilu ornédp jsou
faktory posilujici pozici lesnictvi. Ustup od
produkéni formy  zenddglstvi podporuje
zalesiovani, ale ten neni v kraji ¥{iS silny.
Pramérna lesnatost krajetini pouhych 27,4 %.
Presto se vSak na Uzemi kraje nachazeji jedny
z nejcengjSich lesnich ekosysté&muzniho lesa na
soutoku Moravy a Dyje. Lesni porosty se
v Jihomoravském kraji v roce 2007 rozkladaly na
ploSe 197 tis. ha, 66,4 % v¢ny lesi tvorily lesy
hospodéské, 31,6 % vyrry spadalo do kategorie
lesi zvlastniho uteni a 2,0 % do kategorie tes
ochrannych.  Rozmi&ti lesi je  krajrg
nerovnordrné s ¥tSi  koncentraci na severu,
zejména na Uzemi vojenského UjezdaZna.

Velmi zna&né znEny v krajing vyvolaly
suburbanizéni projevy. Jde o suburbanizaci
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resideni, vyrobni a skladovou i komari.
Souwasti tchto znén jsou dopravni stavbycetns
dalninich KiZovatek. Tyto zrény jsou o0 to
vyrazrejsi, ze nevabné stavby suburbii vznikly na
zenmedélské pidé nejvySSi kvality. Na druhé stran
se i ve venkovské kragnnachazeji brownfieldy, i
kdyZz ne plosé rozsahlé. Jde o byvalé objekty
zentdélské  velkovyroby, vojenské  objekty
(zejména na statni hranici), ruSené Zekgznirat a
nadrazi i drobné gmyslové podniky. Tyto objekty,
jejichz paet v kraji se odhaduje az na 1 300,
souwasnou krajinu spiSe hyzdi a jejich vyuziti byva
nekdy problematické, zvla8t v piipack
nevyjasignych vlastnickych vztah [10]

V souvislosti s hledanim alternativnich zdroj
energie pipada v kraji v Gvahu vystavba solarnich a
vétrnych elektraren. ¥rné parky BoSovice,
Klobouky, Nasedlovice, Nenkovice, Vrbice a
StawSice jsou situovany ve specifickém typu
panonské venkovské polni krajiny, jejiz &asny
krajinny raz vznikl tisiciletou ze&délskou
kultivaci. [12] Oblast jizni Moravy je diky
nejvysSimu slunmimu svitu nejvhod¥si pro
vystavbu solarnich elektraren v zemi, slunce zde
sviti asi o deset procent vic nez v se¥dioh
¢astech Ceské republiky. Energeticky regutd
Urad registroval 11 sludaich elektraren (2008) na
jizni Moraw. [8] Dalsi velky boom poslednich
dvou let je ve vystavb fotovoltaickych systéiin
které gemstiuji energii slunéniho z&eni na energii
elektrickou. Je ieba varovat fed pekotnou
vystavbou velkych solarnich aétmych park
v jihomoravské venkovské krafin Vystavbu
vétrnych elektraren jef¢ba zcela vylotit tam, kde
je chragna biodiverzita a specificky krajinny raz,
tedy na Uzemich spadajicich do kategorie z¥last
chrartnych Gzemi, NATURY 2000, mdadi
mezinarodniho vyznamu podle Ramsarské Umluvy
a skladebnych prukizemnich systéinekologické
stability krajiny. [12]

Mapagé. 3 Pamérny raeni thrn globéalniho Zéni
[MJ/m?]

3401 - 3500

Pramen: www.atlaspodnebi.cz [11]



6 Ochrana krajiny v JMK

Jihomoravsky kraj p#t v ramci CR k regioriim

s velmi vysokym zastoupenim cennychradnich
hodnot. Nachéazeji se zde veskeré isgby
legislativni ochrany Gzemi, od narodniho parku az
po maloploSna a zvlaSthrarna Gzemi. V kraji se

z velkoplosnych chrémych UGzemi nachazi
1 narodni park (NP) - Podyji a 3 chéagé krajinné
oblasti (CHKO) - Moravsky Kras, Palava a Bilé
Karpaty (menstast). | kdyz jihomoravska krajina
je ve svych nejcerBich partiich chr&ma jiz

dlouhou dobu, zaznamenava jeji ochrana i
v sowasnosti pod patronaci Evropské unie
vyznamné zrny. Na Uzemi byly izeny

2 biosférické rezervace UNESCO (Pélava, Dolni
Morava). Na jizni Mora¥ se nachazi i uié

krajina, ktera je saiésti s¢tového ddictvi
UNESCO: Lednicko-valticky areal. Bylo zde
vymezeno mimiadre vysoké mnozstvi

maloploSnych chrémych Gzemi (224). Na uzemi
kraje bylo vyhlaSenol92 evropsky vyznamnych

lokalit (EVL) a 8 ptd&ich oblasti soustavy

NATURA 2000. Roviz zde bylo vyhlaseno 20

prirodnich park. Velké mnozstvi jiz vyhlaSenych

vyznamnych krajinnych prikze zdkona (VKP) je

nedilnou sodasti pomdrné hustého UGzemniho

systému ekologické stability (USES) jak na
regiondlni, tak lokalni Grovni. [4] [9]

Mapag. 2 Chragna tzemi JIMK

I
- CHKO

NPP, NFR
| Prrodni parky

Pramen: www.kr-jihomoravsky.cz

7 Zaveér
Cilem gispgvku byla analyza ze&délstvi a krajiny
jizni Moravy. Jedna se o studii, kter4 byla
vypracovana pro srovnani s ostatnimi staty, které s
podileji na projektu DERREG. Vysledkem bude
posouzeni  jednotlivych  regién v disledku
globalizanich vliva.

Krajina jizni Moravy ma vyznamnou Ulohu
produkniho potencionalu proCR, proto se
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nep'edpoklada vyrazné snizeni v§yimorné pdy.
Souwasré dochazi ke zvySovani podilu pozemk
zenedélsky neobhospodavanych, u kterych se
vlastnici snazi dosadhnout Zny vyuziti pozemk
zengdélskych na pozemky stavebni. Velmi zné
zmeny v krajirg vyvolaly suburbanizani projevy,
které ¢asto vznikaji na ze&délské pidé nejvyssi
kvality. Ve venkovské krajin se dale nachazeji
brownfieldy, jako nafiklad opu&né zenddélské
arealy, které krajinu spiSe hyzdi a jejich vyuziti
byvéa rekdy problematické.

Zemgdélstvi na jizni Mora¢ je zangieno
pievazi na rostlinnou produkci. V poslednich
letech doslo k velkému poklesu zéigné vyroby,
zejména chovu skotu a prasat. To jeisgbeno
piedevsim v dsledku levijSiho importu z ostat-
nich ¢lenskych stdt EU. Neopomenutelnd je
specializace ze#&délské vyroby kraje na
ovocnd&stvi a vinohradnictvi. Plochy vinic se
v poslednich letech zvySily widledku dotani
politky EU. V sowasné dob je tlak z EU na
likvidaci neproduktivnich vinic.

V dnedni dob v zentdélstvi pracuje jiz jen
mala c¢ast obyvatel (cca desetina aZetina
ekonomicky aktivnich v jednotlivych venkovskych
obcich). Znany podil ekonomicky aktivnich
obyvatel na venkay pracuje ve sluzbach,
pramyslovych provozech a #emesinych dilnach.
V zemedélském od¥tvi pracuji v kraji z ¥tSi ¢asti
osoby stedniho a vysSihogku.

Vyznamné jsou zimy zengdélského vyuziti
pady. Dochazi kUstupu od tradi produkce
potravin k TTP, energetickym plodinam, ale také
vinaistvi. S vindistvim souvisi i rozvoj cestovniho
ruchu, jako je budovani viiskych stezek, které do
uréité miry ovliviwji krajinu a zivot na venkav
V poslednich letech dochazi k velkému budovani
energetickych staveb &né, solarni elektrarny a
fotovoltaické systémy), které émi krajinny raz a
vzhled typické venkovské polni krajiny.

V poslednich letech je patrny ri&t orientace
podniki na ekologicky typ hospotieni. Pozitivni
trend Ize zaznamenat v iétu rozlohy ploch i
poctu farem v produbnich oblastech jako je i
Jihomoravsky kraj. Ekologické zedlstvi neni
v kraji prili§ rozvinuto, nebt se rozviji pedevsim
v regionech s horSimifgodnimi podminkami.

Postupny  pechod zerddélstvi v Jiho-
moravském kraji k nepotravifgké produkci a
nevyhnutelné snizovani podilu ornéidy jsou

faktory posilujici pozici lesnictvi. Ustup od
produkni formy zenddélstvi podporuje
zalesiovani, ale ten neni v kraji ¥{iS silny.

V souwasné dob se znatelth méni zejména pozice
zentdélstvi a lesnictvi ve vztahu k ochraa tvorke
Zivotniho prostedi. V okrajovychéastech regionu
jsou cenné lokality z hlediska biodiverzity a
kulturnich hodnot. Krajina je zkvatibvana v ramci
husté skt Uzemnich systéinekologické stability.



Tato krajina ma sama o sblelky potencional pro
turisticky ruch.
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Abstract

Ecotones are predominantly liner transitional zones
between ecosystems that can be very difficult taitoo
especially for their size. Remote sensing toolsrsée

be proper for monitoring ecotons and automatic
classification of aerial images. However, the peotblof
the ecotons definition arises not only in naturé dso

for automatic recognition. Each pixel on an imags to

be several times less than the minimum width of
ecotone so we prescribed the image resolution ynstl
the order of centimeters.

Keywords. ecoton, remote sensing, image resolution,
spectral curves

1 Uvod

Jiz sama definice ekotonu j&of pongrné obtiznou a v
odbornych kruzich zria¢ debatovanou. Je tedy vhodné
hned na p&étku ugit, Ze ekoton v tomto fflspivku je
chapan tak, jak jej definuje nepéi ¢ast odbornik
(nap. Jakrlova, Pelikan, 1999; Odum, 1977; Zdlyomi,
1987; Hansen et al.,, 1988; Jenik, 1995), tedy jako
prechodnd zon&i okrajové spoléenstvo mezi déma
nebo vice ekosystémy, visledku prolinanéasto s ¥tSi
biodiverzitou a vyhod§jSimi  podminkami pro
organismy nez kazda z hranich bioceno6z, proto tam
byvéa &tSi pestrost druhrostlin i Zivatichu.

Z definice vyplyva, Ze ekoton je spdémstvo
hrantni, tedy liniové, kde délka ékolikanasobn
presahuje $ku, coz je dlezitd charakteristika pro
metody dalkového fizkumu.

2 Dalkovy pr izkum Zem é a
identifikace ekoton U

2.1 Typy dat
Zemé

dalkového pr Gzkumu

Dalkovy piizkum Zeng (DPZ) je jednou z moZnosti jak
mapovat ekotony a dale je charakterizovat. Data DPZ
mohou byt ,obygejné” fotky nebo specidnsnimané
obrazy. VZdy se vSak jedna o data povahy rastrové.
Vyhodou fotek, které jsou foceny z pdmeé nizké
vySky z letadel je jejich igsnost, nehbd fotky jsou
schopny  zachytit detail i lidskym  okem
nezaznamenatelny [1]. Pozit&nlze také hodnotit
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lidskému oku blizkou reprezentaci, tj. fotka uka&zuj
v pfirozenych barvach focenou realitu. AvSak @man
nedostatkem je limitovana informace, ve fotce
obsazend. Hlavni operaci pro¢adu nad fotkou rize
byt pouze identifikace ekotonu a jeho razfn pog.
nejjednodussi analyzy sousedstvi.

Naproti tomu druhy typ dat obsahuje informaci
mnohem ¥tSi mnozstvi. Spektralni snimky byvaji
pofizovany jak z letadel, tak i z druzic. Velkou vylod
je moznost snimat zemsky povrchiemych spektrech.
NejnowjSim a nejkomplex#Sim typem dat jsou data
hyperspektralni, ktera vznikaji skenovanim zemského
povrchu vmnoha (az é¢kolika stech) Uzkych
spektralnich pasech. Nasleédie mozné tato spektra
skladat, nebo snimi pracovat jednaitlivAvSak je
uchovavan kontinualni zaznam odrazovych vlastnosti
povrchi (na rozdil od multispektralnihofigtupu, ve
kterém se uchovavaji odrazové vlastnosti vzdy pouze
pro ukité uzké péasy vinovych délek, které jsotegem
definovany). [4]

2.2 ldentifikace ekoton U

Prvnim krokem § zpracovani snimk (jak
fotografickych, tak hyperspektralnich) je identifde
ekotoni. Jak jiz byloteceno, ekotony jsou prvkem
krajiny, ktery ma vyrazaliniovy charakter a jehoziia
nabyva centimetrovych az metrovych hodnot. Jak tedy
ekotony identifikovat? Samégimé je zde moZnost
vizualni interpretace, kdy je prochazenim fotky
(snimku) ohodnoceno celé Uzemi. Tato metoda je
piesna, avsak velntaso¥ narana.

2.2.1 Automaticka klasifikace

DalSi moznosti je tedy klasifikace automaticka,zjej
vyhodnost prudce stoupd s fistem velikosti Uzemi.
AvSak je nutné siiedem ugdomit, Ze Zzadnou metodou
nelze zartit 100% identifikaci vSech ekotdn
Vhodnou a porérné jednoduchou metodou je skupina
algoritmi fizené klasifikace.

Prvnim krokem je weni spojitych ploch, které
reprezentuji ufity typ povrchu - nap pole, les nebo
vodni plochy. Touto identifikaci vzniknou tzv. tamani
plochy. Prag vybér trénovacich ploch musi je
nejdilezitjSi ¢asti klasifikace, nehb na spravné
identifikaci fidy zavisi budouci klasifikace celého
obrazu. Je tedy nutnédy volit co nejvice homogenni,
ucklat ractji vice druhi téid i pro stejny povrch, nez jich



nékolik spojit, ovSem zaiedpokladu zvySeni variability
textury na snimku.

Po spudmi algoritmu jsou automaticky pro kazdou
tiidu ploch vygenerovany statistické charakteristiky.
Nasled® algoritmus porovnavé kazdy obrazovy prvek
s Bmito charakteristikami affadi jej do jedné Zid.
Nelze-li pixel do zadnéftidy jednozn&né zaradit,
ziistava ozné&eny jako nezéaditelny, neoklasifikovany.
A vychazime-li z pedpokladu, Ze ekotony jsou drutiov
velmi pestré, tedyredi positate ,nemaji spojitou
texturu“, pak pra¥ nezaazené obrazové prvky s velkou
pravcépodobnosti budou nalezet do ekaton

Logickym naslednym krokem po klasifikaci je &p
vizudlni interpretace, kterd se vSakzma zandfit jen na
uzemi, které bylo neklasifikovano algoritmem.

Tento postup je vSak aplikovatelny pouze u sriimk
s vysokou rozliSovaci schopnosti. Pokud rozliSesriin
takové, aby na &e nejuzSiho ekotonu bylo¢kolik
obrazovych prvi, nema klasifikace smysl, nebse
ekoton bude zdat pamé homogenni. Rkladem ntize
byt obrazek 1, ktery ukazuje, Zeti pmaximalnim
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2.3 Spektralni chovani

2.3.1 Spektralni k Fivka

Jsme-li schopni ekotony identifikovat, nastava dals
faze, pro kterou jsou nejvhogjai praw hyperspektralni
data. Diky specifické fortnparizeni gchto dat, je
jednou z nejdlezitéjSich vlastnosti moZnost tvorby
spektralnich kivek. Z piibehu kivky odrazivosti listu
Ize vy¢ist mnoho Gddj o fyziologickém a zdravotnim
stavu rostlin, naip mnozstvi chlorofylu i dalSich
listovych barviv, strukturu a stav belolistu, mnozstvi
biomasy a také obsah vody v listovi. Ukazkoiwmbyt
obrazek 2, ktery ukazujézny piibéh kiivky pro
zdravou a poskozenou jehlici.

faktory oviviujici odrazivost list
barviva Bunacnd ohsah
Fistn struktura vody
50 = ’I‘ | T — —
| zdravé |
I jehlice | ligmin
i ' a tanimy

nez 20 pixely. Ekotony v3ak existuji ve vSeckriteich E , : :
[3], je tedy na posuzovateli, zadat limitni razy g -l E;T?* i . G
v ramci kterych budou ekotony hledany a za ekotonyy f | I » vody
povazovany. it -\ \ cltona
|
. y I ;
10 |
|
|
o T T T T
400 200 1400 1900 2400
vinowa délka (nm)
i > % >
widitalna bz krtkavinn
spekirum  intraderyeni IniraCarvena oblast
(400-T700 mmp 0bFast {1000-2500 nmj
{700-1000 nm)
Obr.2 Spektralniitvka dvou list
2.3.2 Detekce vlastnosti vr tznych €astech
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Obr. 1: snimek lesa v nepravych barvach (@ho
maximalni giblizeni snimku, az po obrazové prvky
(dole) (upraveno, zdroj neznamy )
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spektra

Jak z obrazku vyplyva, Ize zkoumané spektrum #litzd
na 3 zakladni pasma. V prvnim pasmu mezi 400 -700
nm je z&eni pohlcovano chlorofylem. Jedna se tedy o
viditelné spektrum, které odrazi barvuiist

Na okraji druhého pasma, tedy kolem vinové délky
700-800 nm, spektralnifikka prudce stoupa, nista
tedy odrazivost. Kili své poloze se tento pas nazyva
c¢ervenym okrajem. Odrazi hla¥ynjemné zminy ve
fyziologii rostlin. Zde je mozné detekovat poSkozen
diive, nez je patrné pouhym okem.

Druhym pasmem je blizka inffarvena oblast (700 -
1000 nm), kde je odrazivost listu podrria podmigna
strukturalnim uspi@danim buék.

Ttetim pasmem mezi 1000 a 2500 nm je kratkovinna
infracervena oblast, kde se projevujiinky vody.

S vysSim obsahem vody klesa odrazivost.

DalSi lokaIni maxima a minima odrazivosti

odpovidaji obsahu chemickych latek v listech. Héavn



latky, které se alms pisobenim stresovych fakfor
hromadi v listech (fenolické latky - lignin a tag)nize
pomerné dolre detekovat.

2.3.3 Vyuziti

NejvhodrgjSi pouziti hyperspektralnich datfi pstudiu
ekotorii:

- identifikace malych struktur v krajin- ekotori

- rozliSeni jednotlivych druhrostlin

- mnozstvi chlorofylu i dalSich listovych barviv

- struktura a stav béh listu

- mnozstvi biomasy

- obsah vody v listovi

- stupéi poskozeni rostlin

VySe uvedené charakteristiky Ize pouZit studiu,
resp. charakteristice ekotion SpiSe jen teoretickou
moznosti je i fi dostaténém rozliSeni snimku a velké
piesnosti spektralnich fikek odliSeni jednotlivych
zastoupenych druhv ekotonu. Narénost na vypoet,
odzkouSeni a ziskani takovychto charakteristik
pievazuje nad ziskanymi daty. Pro rozliSeni
jednotlivych druti na stanovistich neni DPZ v naSich
podminkdch a na prostorbvomezenych lokalitdch
vhodnym nastrojem.

3 Zaver

Délkovy pizkum Zen¥ ma mnohé prostdky, které
nejsou v sotasné dob u nas dostateé vyuzivany &
jiz z hlediska ekonomick& vypoctové nargnosti nebo
nedostatku informaci. Jak tvrdi Eagleson [2], ekgto
jako okrajova spolenstva, sila vazana na specifické
podminky, mohou byt dobrym ukazatelengnitich se
klimatickych podminek. Diky DPZ jsme schopni
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ekotony jak identifikovat, tak monitorovatieba i
opakovas, jejich zdravotni stav a druhovou pestrost,
coz by nendlo byt opomijeno.

Clanek nastinil pouze moznosti vyuziti DPZ. Neirujé
a ani nijak neupozadije dilezitost jinych forem
mapovani ekotoly zvl4S€¢ pak terénniho vyzkumu,
ktery je v praxi nedilnou s@asti zpracovani i pomoci
DPZ.
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Abstract

Cenozoic development of neovolcanic range of the
Ceské stiedohdi Middle Mts. was conditioned by the
existence of large fault zone under the Ore Moustai
The presence of tectonic features with prevailingly
NEE-SWW and perpendicular orientation was
documented with many geological studies.
Nevertheless, the detailed reconstruction of tecton
field including orientation of faults, periods arelative
intensity of movements of individual fault blocks
remains in a focus of research. In this study, e the
results of geomorphologic mapping of bedrock
weathering forms, reconstruction of planation
(denudation) levels and river terraces, morphometri
analyses performed in GIS, relative dating using
Schmidt hammer NR, construction of longitudinal
profiles of water streams, and interpretation atmps
and profiles, to show the significant conditionalf
present day morphology by tectonic features thatewe
reactivated also during the Quaternary period. The
results indicate the presence of especially vdrtica
movements with intensity in tens of metres since th
late Tertiary (i.e. after the development of poktaaic
planation level). Our results are also important fo
understanding the Quaternary morphogenesis (imjisio
of antecedent Elbe valley in th€eské stdohdi
Middle Mts. and of its adjoining slopes, which are
subject to continuous rejuvenation that - besidiero
processes - causes frequent mass movements.

Keywords. tectonics, geomorphometry, structural
geomorphology, river profiles, GIS, relative dating
Ceské stedohdi Middle Mts.

1 Introduction

Understanding quaternary tectonic development @f an
territory is of high importance for geomorphologist

because it influences the landscape character and

environmental conditions in the area (Ollier, 1995;
Scheidegger, 2004), and may be predisposing for
different types of natural hazards as well (Alexand

! pavel.raska@ujep.cz
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and Formichi, 1993; Baknwitz et al., 2003). The
volcanic and neovolcanic ranges, and volcano-
sedimentary complexes have a special position among
the tectonically influenced areas, since the foiomaof
landforms themself is related to the existence of
tectonics (faults allowing the magma to rise anébton
magmatic rocks and volcano-related landforms). Many
of the volcanic areas are subject to subsequettriiec
activity building or rebuilding the structural plaf a
landscape.

The paper analyses the quaternary tectonic
development of central part of théeské sedohdi
Middle Mts., which is one of the largest neovolcani
ranges in Central Europe, forming the very peculiar
landscape being subject to legislative nature and
landscape protection, on one hand, and a signtfican
territory for landscape research in internatioraitext,
on the other. The main aim of the study was touatal
the presence of young tectonics with geomorphologic
evidence and indicate the directions and approximat
rates of the tectonic movements.

2 Methods

2.1 Study area

Located in Northern Bohemia, th€eské stedohdi
Middle Mts. is a SW-NE trending volcanic range of
Tertiary age, that evolved in the tectonically afés
area of Oke (Eger) rift zone (Cajz, 2003) that belongs
among significant intracontinental rifts. The voi@a
centre of the area was located in the so calleddgjka
caldera (Cajz, 2003) and the former volcanic afstiis
represented by the Lower Formation (lavas and
pyroclastics of basanitic character), Upper Foromati
(pyroclastics and thin subaerial lava sheets aodsfl
made by trachybasalts), probable Uppermost formatio
(basanite flows) and Late Miocene Intrusives, raggi
from 36 Ma to 13 Ma (Cajz et al., 1999). The basgme
of the volcanic complex is formed by Palaeozoic
crystalline complex of the Saxothuringian @dcth,
2002; 2003), and Cretaceous sediments which are
exposed by postvolcanic denudation mostly in the SW
part of the Ceské siedohdi Middle Mts. Starting



approximately in the Late Miocene or Pliocene, the
volcanic activity was substituted with long period
denudation that allowed the denudation level toetigyv
The level was recognized in the first half of the"2
century by J. Moschelesova (1920), and remainsofne
the principal focuses for geomorphologists, whotty
reconstruct the Quaternary development of the drea.
differences in altitude of this level in differeparts of
the area as well as results of studies dealing wixgr
terraces (Krél, 1966; Balatka, Kalvoda 1995) inthca
the Late Tertiary to Quaternary tectonic activity.

The study area itself is located in the centrehef t
volcanic range and is represented by deep erosive
(antecedent) valley of Elbe River and its surrongdi
(Fig. 1). The elevation ranges from ca 140 m a.s.l
(erosional base of Elbe River) to ca 650 m a.s.the
slightly undulating postvolcanic denudation level.

major peaks,
altitude in [m]

dataset for digital elevation
model - contours 1:10 000,
interval 2 [m]

Figure 1: Study area

2.2 Mapping

The geomorphologic mapping was performed in the
scale 1:10 000 using the basic map of the territory
Digital Elevation model (DEM) in the similar scdlsee
section 2.3), and aerial photographs with a 0,5ixalp
made in years 2004-2008. During the mapping, the
attention was paid to the presence and charactargd
morphological segments as well as to smaller lamao
with probable structural (lithological or tectonic)
predisposition, such as rock cliffs, depressioigdges
with rock outcrops. The mapping of weathering forms
of solid bedrock was carried out by Raska and Cajz
(2007) for eastern part of the study area and stdinet

the tributaries of the Elbe valley were probablynied

by backward erosion from the confluence with thieeEl

2.3 Morphometric analyses

The differences in altitude of postvolcanic deniafat
level and obvious asymmetry of the Elbe valley masle

to quantify the altitude-slope relation in the area
According to geological maps showing the proved or
probable fault lines and to the results of geomolgdic
mapping, the area was divided into three
morphostructural segments divided by Elbe River and
Pricelsky potok (brook). Using the DEM created in 3d
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Analyst extension of ESRI ArcView 3.2 from contour
theme 1:10 000 (ZABAGED databas€UZK) we
computed the slope inclination and altitude (rastep
with 10 m density). The specific value was assigteed
each pixel in each layer (30 categories of slope
inclination and 12 categories of altitude) and byams

of map calculator (extension Spatial Analyst) thealf
values representing the unique combination ofualé&t
slope relation have been obtained.

Much attention have been paid by several authors to
incised channels and their role in understandintptec
evolution of the area, and especially the quantgat
profile parametres proved to be an efficient tool i
detecting tectonic influences on the landscape. (e.g
Bledsoe et al., 2002; Cunha et al., 2005; Laru®8p0
Therefore, we constructed longitudinal profilesaaiter
streams and depressions with at least episodiepeces
of water using the Profile Extractor extension bmx in
ESRI ArcView 3.2. The three streams and ravines on
the left valley side (Vigov strz, Chvalovsky potok and
PodleSinsky potok), and three on the right sidenéBr
strz, Pficelsky potok with two tributaries and Rytin
potok) were analysed. Further, the Langbein Cahcav
Index (LCI) was computed (Langbein, 1964), the semi
logarithmic charts for stream profiles were constied
(Goldrick, Bishop, 1995; Bishop et al., 2005) amhe t
knick zones showing the anomalies in profile were
detected (Gardner, 1983) to reveal the lithological
tectonic influences in the territory.

2.4 Landform analyses

The scree slopes are frequent landform in (eské
sttedohdi Middle Mts. and in spite of they are
considered primarily depositional landforms, their
lithological predisposition has also been discusigd
several authors (cf. Kirchner et al., 2007; Ra%Eajz,
2007). Several types of scree slopes occur in the E
valley and valleys of its tributaries, includingee and
blocky fields, streams or frontal accumulations.eTh
location (altitude and distance from erosional hasel
character of these types may have important role in
supporting the above mentioned note that Elbe
tributaries evolved by backward erosion, and in
detecting the lithological or tectonic affection tife
valley slopes.

We used the FRAGSTATS software (McGarigal,
Marks, 1994) to compute the geometrical properies
106 scree slopes that were detected in the territnd
vectorised as separate thematic layer in GIS. @éver
class indices (Mean Shape Index, Edge Density, Mean
Perimeter Area Ratio and Mean Patch Fractal
Dimension) were computed for morphological types of
the accumulation showing the complexity or simpjici
of their geometrical properties in both Euclideard a
fractal geometry.



2.5 Relative dating

Directions and relative rates of tectonic movemeats

be detected by means of different dating techniglres
the present study we used the Schmidt hammer (NR
type) measurement of scree slopes located in differ
positions and geomorphic setting within the tergito
The review of geomorphologic application of Schmidt
hammer was presented by Goudie (2006). We have
analysed two sets of sampling sites, all of theimde
built by basaltic rocks. The first one was the afefive
boulder stream accumulations with low concentratibn
clasts. Due to their extent and geomorphic characte

levels on valley sides actually represent the tesa
This fact, together with presence of young land®rm
with linear character and controlled by geologic
structures lead us to the assumption of furthevugi
not so intense) tectonic activity.

3.1 Structural landforms
and morphometry of the area

The results of geomorphologic mapping show many
types of landforms that have linear-like characed
may be considered lithologically or tectonically
controlled. The structural ridges with rock outcspp

these accumulations were considered probably most rock cliffs and frost-riven cliffs, ravines, watels,

recent and therefore reference sample for measateme
of the second set of sampling sites. These accuionta
have various origins such as landslides and débrvis.

The measurement of 15 hits has been performed on 10

clasts (located in different parts) of each of thes

sequences of rock pillars, needles are the mosimmom
examples of these, exhibiting most frequently WNW-
ESE and approximately N-S orientation.

As noted in the previous paragraph, the denudation
level is preserved differently on individual valleides

accumulations. The five lowest values were excluded and the valley itself is asymmetric. The Fig. 2 w80

while the rest values have bee.n used _for statistica geologic cross section through the Elbe valley with
assessment. The second sampling set included threeindication of geologic composition. The lower eltoa

scree slopes, two on the right slope of the Eld&eya
located in altitudes of approximately 300 m a.arid
460 respectively, and one on the left slope intualg
250 m a.s.l. Each accumulation was tested withitb h
on each of 15 sampling clasts. Similarly to thestfir
sampling set, the 5 lowest values that might be
conditioned with fissures or roughness of a clastase
were excluded from the analyses. The rest valugs we
statistically analysed to obtain the box plot déagrand
other statistical parametres for each sampling site

Shallow bores and natural profiles in slope
depressions (ravines) were carried out as an adédlti
relative dating technique. The two representatitess
one of each site of the Elbe valley - are integutein
this study.

3 Results

According to former research, the denudation lelvat
has evolved after the end of volcanism in the dras
the inclination of mostly 3-10° and often levelseth
rocks of different types (Krél, 1966). We used GikS

to delimit the area of this level and the input nvegs
rectified according to aerial photos and terrairppiag.
The denudation level is preserved well on theveftey
side, whilst being destructed on the right sideEtife
River. This is the basic presumption for presente o
guaternary tectonics in the area. The end of ttihé
activity was supposed to occur before the Mindel
glacial, because the Mindel 1 represents the first
continual river terrace preserved in theské siedohdi
Middle Mts (Kral, 1966; Balatka, Kalvoda, 1995).€rh
river terraces, however, are not well
developed/preserved in the central part of the nann
range and reconstruction of their longitudinal pesf
encounters several problems. This resulted in fnieba
overestimating of their extent, since not all oé that
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of denudation level on the left side of the vallsy
apparent from the figure as well as step-like pesfiof
slopes conditioned by more resistant basaltic rocks
(Cajz ed., 1996; Burda et al., 1998).

WNW ESE

m 550
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300
250
200
150
100

Elbe

1000 500 0 500 1000 1500 m

l:l Olivine basaltic rocks
Altered olivine basalts

Fluvial sediments (terraces)

- River channel

‘ Volcanoclastics
Basement (no data)

= Deluvial sediments

_ Change in direction
of cross-section

Figure 2: Geologic cross section across the Ell@ ri
valley

The morphometric analyses of altitude-slope refatio
in three morphostructural segments of the area show
significant differences (Fig. 3). The maximal numbé
possible combinations of altitude and slope intlora
was 360. The first - west segment SEG 1 include@l 28
combinations (150592 pixels), the second - northeas
segment SEG 2 344 combinations (170385 pixels) and
the third - southeast segment SEG 3 totally 320
combinations (130245 pixels). The graphs of fregyen
(Fig. 3) indicate the highest frequency for slightl
undulating surface of denudation level. The lewel i
more continuous and has lower altitude (the diffeee
of ca 100 m in comparison with SEG 3) in SEG 1. The
steps in valley slope profile are apparent in SE@s1
well, located in altitudes of 125-225, 275-300, &3@)-
400 m a.s.l.,, while the steepest parts of slopethén



latter two segments have rather continuous characte
The discontinuities of denudation level in SEG 2 &n
are apparent, too. The overall comparison of theeth
analysed segments indicates significant differerices
morphometry of the area and support the divisiothef
area into morphostructural segments divided by wate
streams that partially follow the fault lines pravey
geological mapping.
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Figure 3: Frequency diagrams for the slope-altitude
relation in morphostructural segments

3.2 Tectonic and lithologic influence
on stream profiles

Basic parametres of longitudinal stream profiles ar
summarized in table 1, which shows length of the
profile, height difference (total fall), height/lgih ratio,
Langbein concavity index (LCI) without and with
differentiation of concave and convex streams.

Water stream L [m] H diff. [m] HIL LCl LClI (ex, cv)

Brna strz 2321 332 0,14 0,1024 0,1024
Prucelsky potok (Néméi) 3209 475 0,15 0,1895 0,1895
> Ostry (tributary) 950 268 0,28  0,1940 -0,1940
> Sovi skaly (tributary) 988 289 0,29 0,4014 -0,4014
Rytin potok 4652 395 0,08 0,3747 -0,3747
Variov strz 682 182 0,27 0,5385 0,5385
Chvalovsky potok 1348 228 0,17 0,3772 -0,3772
PodlesSinsky potok 1743 272 0,16 0,3676 -0,3676

Table 1: Morphometric parametres of water streams
Most streams have profiles with steps (knick zones)

that - according to interpretation of geologicalpma
seem to be lithologically influenced and developed
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locations, where the stream reaches the resistesattic
rocks. The LC index varies from ca 0,10 to 0,54eTh
lower values are typical of streams on the righteEl
valley side, whilst the higher values (more tha87),
for the left side with an exception of Rytin potok
(brook), which has the LCI 0,37 and is located @& t
right river bank. The knick zones were identifiaceiach
stream as a difference betwegH/AL ratio for 100 m
(running) segments and total averageA&f/AL ratio
among segments of all streams.

The position of knick zones differs across the
streams with a relative coincidence among streams o
the right side. On the left side, PodleSinsky pcaokl
Chvalovsky potok have the similar-like position of
knick zones, very different results were obtained f
Vanov strz. Nevertheless, this may be due to different
geomorphic origin of these profiles (the first twaoe
brooks, the third one ravine). The highest value in
AH/AL was obtained for PodleSinsky brook and equals
to 0,85 at the first km of the stream, where the
Vanovsky waterfall (the highest one in théeské
sttedohdi Middle Mts.; height 12 m) evolved. The
relative presence of knick zones is expressed as a
percentage of profile length identified as a knadoe
(i.e. above theAH/AL average). The values are as
follow: Vanov strz (82,72 %), PodleSinsky potok (42,11
%), Chvalovsky potok (58,38 %), ielsky potok
(52,57 %), Brna (62,21 %), and Rytin potok (11,36 %

The semi-logarithmic chart supports the previous
results of a relative coincidence of knick zoneakin
in case of left side streams (with an exceptioWafov
strz) and in case of right side ones except skgtatter
position of knick zones on the Rytin potok brook.

3.3 Landform
slopes

analyses of scree

The assessment of geometrical properties of scree
slopes and their geomorphologic type was perfortoed
support the evidence of consecutive widening of the
river Elbe and backward erosion of its tributari€be
hypothesis states the presence of younger (more
dynamic) types of scree slopes higher above the
erosional base. Figure 4 depicts the relation betwe
altitude and MPFD (Mean Patch Fractal Dimension) fo
different types of scree slopes. The simple dondaaf
scree slope types in different altitudes is noagparent
from the graphs and the results are not significant
enough to prove that the scree accumulations (slope
with clasts of varying size and presence of clast)

are concentrated in higher altitudes and boulder
accumulations in lower positions.

The MPFD may theoretically vary from 1 to 2
indicating Euclidean shapes (value 1) or complex
shapes (value 2). While the linear regressionkerfitst
graph do not denote any significant divergence amon
the scree slope types, the regressions in the decon
graph are more informative. They demonstrate steepe
increase of shape complexity in case of scree



accumulation. This result points to the morpholabic
diversity of scree accumulations and diversity loé t
edge zones that may be conditioned with recent
dynamics (rock fall, sliding, debris flows) and are
therefore younger. On the other hand, this resuitat

in agreement with statement that the dynamics dinhie
expansion of forest stands into the accumulatiod an
maintains the narrow borders.
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Figure 4: Relation of scree slope type to altitadd
MPFD class indice

3.4 Indication of tectonic movements

with relative dating

The average R values obtained from statistical
assessment of Schmidt hammer tests varies frono 61 t
65 in case of low concentration accumulation (debri
flows and landslides) and exhibit high correlatidime
average R values for scree slopes are 63,21 for
accumulation in 460 m a.s.l. {(Relska rokle), 52,62 for
the accumulation with altitude of 300 m a.s(eftova
jizba) and 63,19 for the third one with altitude2%0 m
a.s.l. (Panenska skala). The first and third valaes
near to the reference set of young accumulatiausthie
second one differs significantly. The approximately
similar altitude (as well as distance from Elbeerjvof

the second and third accumulation on the oppogless

of the valley, where different R values were obgdin
point to the asynchronous evolution of these scree
slopes. This may be interpreted by manifold infltes)
including vertical movements of morphostructural
segments. As the oldest accumulation is locatethen
right valley side in low altitude, the vertical meament
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might have had a character of subsidence of the
morphostructural segment on the left valley side.

The interpretation of natural outcrops and pits in
ravines indicates higher age of those located emitft
side of the Elbe valley. The ca 1 m deep pit indkis
bench of a ravine in Brna (see above) has a distinc
stratification showing episodic changes in sedinzert
discharge regime. Contrarily, over 2 m high outcrop
near to the Viov strZ located is built by homogeneous
not stratified slope deposits (clayey soil with logus)
denoting evolution of ravine in the most recent
geological history after the deposition.

4 Discussion and Conclusions

The above mentioned results demonstrate the stalctu
control of geomorphic evolution if the study ar&de
tectonic influence is apparent from reconstructam
denudation level and from morphometric analyses of
altitude-slope ratio. Since the denudation level is
developed in the similar lithologic setting (distanof
level edge on the left and right valley side doe$ n
overreach 3 km), the difference in the positioneskls

is not affected by different rock types, but rattogr
tectonics. The total tectonic shift between lefdl aight
side of the Elbe valley as interpreted from
reconstruction of denudation level may reach 100 m.
Also the orientation of structural landforms and
presence of some linear landforms in the area (rock
walls, incised streams) allows us to suppose at e
partial tectonic influence. The asymmetry in
morphometric properties of morphostructural segment
indicates that tectonic features had conditioned
especially the erosional base of the area (ElberRiv
Contrarily, the tectonic influence of water streawith
frequent knick zones and high concavity index is
problematic to prove, since the knick zones cowadp
primarily with lithological variations.

The question that arises concerns the periods of
tectonic activity in the area. The asymmetry oflesal
slopes is developed also in lower altitudes below t
level of Quaternary terraces. The steep slopes with
discontinual profiles (steps) are typical of leftlley
side, where they are located from the upper edgbeof
denudation level to the lowest altitudes. Furtheemno
the Schmidt hammer measurements have different
results for scree slopes in same altitudes, buattéatcon
opposite sites of the valley. The interpretation of
Schmidt hammer measurement is, however,
problematic, because scree accumulation with same
altitude on the opposite as well as on the simidiey
side might have evolved asynchronously. On therothe
hand, the landform analysis of scree slopes (MPFD)
implies that the scree (younger) accumulations are
frequently developed in higher altitudes in comgami
with the boulder ones. Further radiometric methoftls
absolute dating should therefore be used to cldhéy
real age of different accumulations. As regards the
variances in evolution of left and right valley sjdhe



pits and outcrops show younger age of left vallelg.s
These findings support - with obvious limits - the
hypothesis that the tectonic movement with a chiarac
of subsidence on the left valley side occurredrduthe
Quaternary.
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Concept of cultural landscape in physical and human

geography: origin, differences and misunderstanding
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Abstract

Recently, we can see a dominance of physical
geography in Czech landscape study. This artiabevsh
possible directions for understanding of emphagizin
guantitative methodology and positivism. Towardis th
goal, this paper is focused on the origins of eioglr
and descriptive approach to geographical landscape
research; we take a retrospective look at soméref t
most influential authors. We also discuss somentece
difference between evolution of Cultural landscape
concept in human and physical geography from thie en
of 1970s.

Keywords. Cultural landscape, Physical geography,
Human geography, Cultural geography, Positivism,
Poststructuralism

1 Introduction

Problem of conceptualization of Cultural landscape
concept occurred nearly hundred years ago andsttllis
relevant problem not only in Geography. We can
indicate a development from the role separation of
natural environment and human agency to interlink
material and mental, proximity and distance,
observation and inhabitation, real end imaginative,
objective and subjective, scientific and art anst laut

not least, natural and cultural [47] in culturahdacape

as “complex interaction among human ideas, social
structures and the physical features of the human
environment, in which natural forces and human agen
are inextricably entwined” [cit 25, 39].

This article explores some of the philosophical and
methodological issues relating to difference uséd an
understanding of cultural landscape concept in
geographical disciplines. We emphasize Anglo-
American landscape studies because of their leading
role and Czech/Czechoslovakian concern in the
(cultural) landscape which has key context for us.

The article is split into three parts. It startsthwi
historical reconnoitre focused on the major figuofs
landscape study. Then it discusses critical reaciad
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significance of cultural turn. This part is alsefised on

the nature of recent trends in landscape rese&uh.

aim is not to evaluate which discourse is moreabist
Nevertheless, the final part discusses reasons and
consequences of differences and non confidence
between natural and humanity discourses, where
geography is one of the most significant examples

2 Origins, up to the 1970s

Jones [cit. 25, 33] identifies the first academse wof
term ,Kulturlandschaft* in Ratzel's texts (end 0€.1
century). Ratzel defined it as “an area modified by
human activity, as opposed to the primeval natural
landscape”. Ratzel emphasized natural determinigin a
Lebensraum concept, thanks to Semple [43] also well
accepted in American geography [39]. Krebs [in 25]
linked ,Kulturlandschaft to settled region (Okunedn
transformed by human. As Antrop [1] notes, already
von Humbolt alluded to aesthetical qualities in his
writings about the human and cultural aspects & th
landscape, nevertheless he was primary concern only
with description of condition and characteristiB&ache
recognized the influence of local community
organizing the landscape and his specific regipays)
are based on settlement patterns and other cultural
values as well.

in

2.1 From Sauer to Johnson

In English-speaking world the definition tfe cultural
landscape was written by Sauer [e.g. 24; 25; 45]. He
described the formation of cultural landscape from
natural landscape (which is considered to be aumadi
Thus, human is an agent going towards the cultural
landscape as the product. Cosgrove [7] emphasized
Sauer’s influence of historical, cultural and plogsi
geography. For Sauer and his fellows (so called The
Berkeley School) are key neutral empirical obseéowest

in the field. Through the accumulation of factual
evidence they go towards the synthesis. Landsaape i
this point of view is far from contemporary urban
civilisation, it is external and independent matkfield.

For Sauer ,landscape is geography... ... Landscape is
cultural landscape”. Closely to Sauer, historicgdexts



are emphasized by Hoskins [in 47], who was strongly notion of geography as spatial science, while asith
influenced by geological and archaeological appgnoac  becomes the base of new approaches [6]. Fxeo

Hoskins identified localities with obvious hintsoin Marxian perspective is emphasized by neglecting
many historical levels. Thus intense sense of economical, social and political processes. Critics
temporality is emergenced [6; 47]. based on the conflict between “true reality” and it

The Berkeley school approach was criticized by representation through symbols and theirs meanings
Hartshorn from the view of descriptive regional with ideological function [35]. Strong reaction awst
geography, which examines specific combination of the positivism idHumanistic geography, which resurrect
patterns and process of areas/regions [39]. Harisho the cultural landscape concept as a major vehwmle f
found a division of the separate natural and caltur analysing interface between culture and environment

landscape illogical, as it is integral part of wid@total) Rowntree [in 25] identifies two ways of landscape
landscape. Antrop [1] found Hartshorn’s rejectioh o  studies in humanistic geography:

landscape as a fundamental object of study geogriaph = Examination of the visual and material details of
be considered as beginning of geographers turn from tangible elements

landscape research. This trend continued rapiaiyn fr = Examination of cultural perception and visual
the end of the ¥ world war until 1970s. Geography preferences, understanding of people’s cognitiah an

needed to become more scientific in its method and reaction response to their environment
seeking the underlying general laws that explained
spatial patterns and processes and allow prediftion Tuan, who was focused on understanding relations
Deductive quantitative approach dominated (geograph among places (forming sense of place), belong$eo t
as nomothetic spatial science) and focus of gebgrap main actors. Relph initiates subjective term ,senfe
upon landscape was generally lost at this time. place” [6; 46], which was particularly applied thgh
Exception of this development is represented by the Landscape Character methodological guidelines [32;
third basic author: Jackson and his “Vernacular 44]. According to Daniels” critics [in 47] humarsst
landscape [47]. Unlike Sauer and Hoskins (tradlish create ideology by dividing personal and generdhwi
and nostalgic point of view) Jackson accepted emphasising the aesthetic point. By this they dabe
contemporary features of the post-war landscapthdy view to real socioeconomic relations.

concept of ,Vernacular landscape” (indigenous, Morin [35] emphasise$eminist landscape critics
ordinary everyday landscape produced through reutin challenging his masculine gaze who dominates in the
practises). Jackson emphasis not only materiablsat landscape studies and perceptions (roles of actier

symbolic role of landscape — as the source of myth, and passive women) and focuses on how landscapes
imagination and meanings raised from societies in construct, legitimate, reproduce and contest gember
particular geographical areas. As Cosgrove [7],said and sexualized identities. Key concept here is gend
Jackson was the first who liberate external specsat [Rose in 35; 9]. Humanistic and Feminist approaches
and internal participant’'s perspective. This tum t contribute to acceptance of qualitative methodology
symbolic and cultural meanings signals decisivealkbre  geographical research.

from an empiristic understanding of geography which

was distinctive for humanistic and phenomenological 3.1 Cultural turn as a crossroad for

approaches (see below). landscape studies

‘o . In 1980s and 1990s the new cultural geographyiisgbe
3 C_I’Itlca| _reactlons and . created. It discovers especially socio-cultural and
bifurcation of geographles political processes and their impact to landscajes
cultural turn emphasizes “culture” as a primary focal
point of study not only in cultural geography betany

in the whole human geography. Culture is understood
be constituted not only through time but also tigtou
space and as a space [6; 34]. Cosgrove [7] defines
landscape as ,a way of seeing“. He refers to the
historical implications of perspective and focusgsn
visualisation and its influence on identificatiomda
patterns of perception of western civilization tmgh
their expression of symbols and construction ofrthe
meanings. Morin [35] shows an idea that landscagg m
be understood via the metaphor of text [42; 14liera
interoperate in different discourses. Interpretatis
restricted by limits of language — both metaphand
linguistic, and specific of human perception [28gxt
composed here consists of both material landscage a

According to Spedding [45], quantitative approadth d
not work for landscape as diverse assemblage aisfor
and attendant processes. This storage determinates
discussed geographical turn from study (cultural)
landscape. Revival of landscape studies was atimndpu
by Spedding to three major developments:
= Rethinking the philosophical and methodological
base (less strict definitions)
= Using of new techniques for processing spatial
information
» Prominence of environmentalism and conservation
as research agendas, interdisciplinary approaches

Key prerequisite of landscape comeback as main
topic of geographical sciences is critical reactgainst
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its representation. ,Reader” could try to underecahe
codes and hidden meanings or stay on the surfate an
accept “order” of landscape, respectively its idgatal
meaning [14]. Authors led by Cosgrove, Daniels,
Jackson (Duncan, Lewis, Lowenthal, Rose and others)
turn to feminism, identity, language, discourseues,
ethic, power, resistance, representation [6]. Thku€al

turn brings turnaround from material environment to
.mages”, from description to interpretation.

Physical geography also adopts more flexible and
more realistic study standards [45], for example by
usage of interpretative and narrative methods in
geomorphology [16]. Holden [17] mentions tendernzy t
bring together the idea of general laws (and grand
theories) with local events and contexts in reialist
approach.

3.2 Czech and Czechoslovakian in

Landscape research

In the Middle European area geographers came lmack t
the landscape topics as key research factors atithef
1970s with comprehensive physical geography [33] by
analysis and synthesis [11], application of systema

3.3 Poststructuralism in landscape,
landscape in poststructuralism

If we focus on recent landscape research in Anglo-
American (human) geography, we would find
dominating poststructuralism, a term used to reder
philosophical currents developed especially by
Foucault, Derida and Deleuze. Foucault focusethen
role of power and its cohesion with knowledge. Powe
is the determinate factor for selection of legitime
discourse. Thus legitime discourse produce landscap
through believes, attitudes and meanings. Power is
connected to theme dominance and oppression which i
applied by Hynek and Hynek [20] in ESPECT/TODS
framework based on 6 pillars of the environmental
sustainability/security from the perspective of tigey

and emergence of poweE(conomy) - S(ociety) -
P(olitics) - E(cology) - C(ulture) - T(echnology). Inner
rhombus (of  described hexagon) explores
simultaneously the effects ofS(patiality) and
T(emporality) of the power/knowledge nexus:
D(ominance) and O(ppression). ESPECT/TODS
framework is useful for understanding to
physical/material, social and also imaginative itgal

approach in landscape research [8] and research in Mitchell [34] is focused on question of authority,

interaction between human and nature in cultural
landscape [22]. Landscape research became adraditi
subject of physical geography [12; 30], and thésd is
still evident [29] and discussed [2; 19; 26].

Development of landscape evaluation approaches as

a part of landscape ecology was elaborated in #gve n
method of LANDEP with strong emphasis of applied
research and planning [41]. In 1982 the Internation
Association of Landscape Ecology was created aed th
new transdisciplinary ecological approach was foumd
this time [1]. Lipsky [30] notes that geographicaid
landscape ecological approaches converge gradually

In 90s the new environmental approaches and more
practical applications were emphasized — such asala
risks and hazards [10], landscape potential andgicar
capacity [23]. Question of landscape stability and
sustainability [23] is an example of current apgiicn
of geographical approaches in practise; e.g.
biogeography through Territorial System of Ecoladjic
Stability [5] or environmental impact assessmeithb
included in Czech legislation and nature protection
practise. In the last decades many geographersddcu
on changes of land use [3] and/or land cover aayaof/
documenting and evaluating the intensity and stinect
of human influence of landscape. We can see incrgas
application of Geographical Information Systemsaas
support of decision making and planning [27] oraas
crucial component of research practise, mainly in
material approach to landscape studies [40].
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objectivity and aesthetic in representing non-Easop
scenes. Certain European landscape forms
authoritative ideal) have been often used to chearise,
appropriate and judge non-European scenes.

Derida shows an idea of deconstruction as a method
of ‘“reading”, suitable for detection of covered
meanings. Words possessing meaning via being caught
up within series of differential relations. Meanig
something is not inside; instead it is constitutgdvhat
it is not [47]. Our culture is littered with binagouples
(e.g. nature/culture). They are produced by medns o
current thinking and they are generally understand
communicate with difficulties [28].

Poststructuralist methods (including deconstrugtion
above are all critical. Typical is suspicion of #rigg
that tries to be “natural true” or “obvious”. Fobgi-
structural approaches nothing is fundamental, ptura
and complexity is emphasized [47]. Example of fkis
Actor-Network Theory (ANT) concern of networks of
actors and actants and relationships between the
humans, non-humans, material and discursive. ANT is
most associated with Latour [in 4] who evolved & a
sociological theory based on uncovering and tratieg
way how scientifically knowledge is produced thrbug
the construction of social networks. Example of
application is Whatmore’s hybrid geography [in 13]
with  movement from geometries (topographical
Euclidean space, Cartesians coordinates) to tojgsdog
as spatial register where moving and relations are
stressed [21]. Taking up of the phenomenological
approaches occurs through the advent of the non-
representational theory [36] which doesn’t work hwit
representation as mask, veil or ideologies — asda ¢to
be broken: here representation is understood asdvar

(as



notions of performance, practice, materiality and external backdrop to human activities (for physical

embodied agency. geographers) and human geographers view that
landscape is only a particular cognitive or symboli
4 Contexts of landscape in ordering of space.
(Czech) geographical research 4.2 Methodological movements: from
We can see that most of the critical development to Descartes to Phenomenology

poststructuralism occurred in human geography.ddde
this non-quantitative or even anti-quantitative ns&a
makes worse the intellectual gap among geographical
disciplines. Despite this, Positivism still havepiontant

role to play both human and physical geography. But
there are some differences: human geographers take
account of people’s perception to their environmard
human geographers are more concerned with stochasti
modelling (less predictable subject) [15].

In Cultural turn and critical reactions we can see
redefinition and transformation of the inbred apgfion
of classical subject-object epistemological modas; [
37], the essence of being for Descartes is thinking
“Cogito ergo sum*“ (“I am thinking, therefore | ekis
However he remains "separated“ and distant observer
standing out of his own ,landscape”. Observation is
usually connected with exact, reliable and objectiv
knowledge — we define ourselves, the fact of eriste
. through the eyes of the visual, distance of an mks®r
4.1 PhyS_'CaI geography as even bird's eye view. This fact was later accepiec
dominator? basal principle of phenomenological critique (see
below). The Cultural turn move us from material

Hynek [19] emphasizes material conception for X § oo
environment to ,images“, from description to

continual domination of physical geography in | i
Czech/Czechoslovak landscape research, which was 'Nterpretation. _ o

constituted under Soviet, German and Nederland’s ~ fom the phenomenological positions rooted
school. Kiera [29] stresses the positivistic approach of Separation of observer as independent perceivingahu

physical-geographical research as whole. Both reaso SuPiect and objective world as external pre-givestity
enable and advocate division of natural and cuitura POSitioned beyond and outside are attacked. Therefo
landscape. empirical but also discursive approaches are ocgtiq

According to Demek's [8] work about parting and/or Vis_ual_ observation is like production of detachmanq
spliting of natural and cultural landscape, and °bjective knowledge. For Descartes there are sefies
according to facts adduced above, the natural s significant dualisms — separatl(_)n of body and mind,
only forms a base for the cultural landscape agbeidh thought and sense, res cogitans and res exensa.
supersystem of natural and socioeconomic geosystems Certainty of geometrical world (Cartesians coortisa

where the management of its key functions lies in is useful for calibration of confused perceptiorv][3

human hands. Demek divides the landscape by the Phenomenology disputes this system of thought by
amount of human/anthropic influence on the natural €veryday lived experience”. Scenery is replacedaby
landscape into three grades: sp_ecn‘lc mode of being, Carte3|an_ spectatorial
= The indigenous cultural landscape (very close o th  €PiStémology move to a phenomenological ontology.
harmonic relationships of natural landscape) Spectator (way of seeing) turns into participarge(s
= The damaged cultural landscape (the autoregulation With landscape) via bodily practices of landscape
is preserved, restoration is possible) [Ingold in 47]. Crlthu_es of Iandsc_ape phe_no_m_enylc_)g
« The devastated cultural landscape (the restoration &€ Often based on its emphasising the individumlis
requires a huge investment of material and energy) absence of critical point of view and neglecting th
guestion of power [6].
Zigrai [48] notes that cultural landscape is formed _
by rational powers of mostly economic character and 5 Conclusion
irrational powers of mostly socio-psychologic natur
with autochthonous and allochthonous origin, which
both together shape the landscape as materiadistic
spiritual tools.
If we advert to hegemony of material approaches in
physical geography, in 90s human geography was

criticized because of its tend to elide the maliéyiaf understanding. Document analyses focused on single
landscape itself [38]. Ingold [cit in 47, 154-155]  eanings and uses of cultural landscape can bignd
understood fundamental distinction bet\{vegn theagde in Jjohnes [25], universal development of geography
of culture a_m.d_ matter of nature as it is based on gymmarized by Livingstone [31]. Hynek [18] preseats
academic division of labour between the natural and review of meanings of the term ,landscape®.

social sciences. It si distinct for anthropologydan

geography, where natural landscape is view as aleutr

From the overview above it is clearly apparent;t tha
nowadays geography offers various interpretatiom$ a
definitions of cultural landscape, often based asab

principles of continental science with marks of
particular disciplines. This ambiguous could beeass
because of its fluidity and ability to diverse
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Recently it is clear that human influenced the
landscape to such a high degree and over larges area
that the “untouched nature” does not exist as @alar
category, opposite of cultural landscape. Typicd of
the concept of cultural landscape in natural s@&enc
(e.g. physical geography) is to “describe the rofe
humans in changing the physical surface of theheart
[cit. 25, 45]. But human beings tend to be regarded
interrupting influences with negative relation tatural
process.

In this article we discus two main revaluations of
philosophical bases in landscape research: mova fro

Descartes thinking through cultural turn to
phenomenological approaches, from independent
spectator through a way of seeing to interested

participant. Czech geographical practise is stiibg$t of

all) in the first step of this development [19, 29)
contrast to development in Anglo-Saxon geographies.
We hope these perspectives on the differing
conceptualization of landscape and cultural langsca
could contribute to better understanding of differe
interpretations of one of the crucial geographical
concept: the cultural landscape.
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The Biogeographic Foundations for Developing of

Ecological Network of the Brtnice

Libuse Vodovd

! Department of Geography, Masaryk Univeristy

Abstract

The Landscape is the most important source andespac
for human. Using of the landscape means chandesrin
structure and quality too. The area of natural taébiis
being decreased and habitats are more fragmeraated
isolated. The ecological connectivity and the bjidal
diversity of natural gene pool can be maintainedhsy
ecological networks.

The Czech ecological network is called ‘Teribr
Systems of Ecological Stability (USES)'. It is bdsan
the ecosystem approach. The potential natural sfate
geobiocenosis and the actual state of geobiocenosis
the main biogeographic foundations for delimitatargl
designing of TSES

The model area for developing of ecological retw
is “ Brtnice Region”. It is situated in the Bohemia
Moravian Highlands, about 12 km southeast of
the Town of Jihlava on the areas of Villages dfZ8l,
Ptimélkov, Panska Lhota, Malé, Svatoslav, Luka nad
Jihlavou, Bito¥ice, Vrzanov and Horni Simé.

The potential natural state of geobiocenosis was
clasified by the geobiocenologic typology. The most
common Groups of geobiocoene types (STG) are 3 AB
— B 1 — 2 Querci fageta humilia, dwarft beechwodthw
oak,, 4 AB — B (BC) 3 Fageta paupera superiora,

Region

forests, L 3.1 Hercynian oak-hornbeam forests, 1 5.
Herb-rich neech forests, L 5.4 Acidophilous beech
forests.

The results of various scientific researches ban
used like other biogeographic foundations
developing of ecological network.

by

Keywords: Ecological Network, Teritorial Systems of
Ecological Stability, The Brtnice Region, Groups of
Geobiocoene Types, Habitats

1 Introduction

Human activities caused changes in the landscape. T
natural ecosystems were changed too: their natural
habitats area are being decreased and fragmeritate
urbanized areas, roads and railways. It is much
complicated to communicate and exchange genetic
information for many natural native taxa. And tlés
the main reason why scientists have invented ailid st
are developing a concept od Ecological network.

2 Ecological Network

2.1 History of Ecological Network

depauperate beechwood of high degree, 4 B 3 FagetaThe Idea of ecological network as a tool for

typica, typical beechwood, 4 BC — C (4) 5 Fraximieta
supriora, alder forests with ashes of high degrek &
AB — B 3 Abieti - piceta equseti inf., beechwoautith

fir.

The actual state of geobiocenosis is representated
habitats. The typology of habitats was based on the
Habitat Catalogue of the Czech Republic with some
complementated habitats. There are three Habitats
strongly influenced or created by man dominating in
research area: X2 Intensively managed fields, X5
Intensively managed meadows and X9 Forest
plantations of allochtonous trees. The naturahtanal
friendly geobiocenosis are existing only like small
fragments of these habitats: M 1.5 Reed vegetaifon
brooks, S1.2 Chasmophytic vegetation of silicedififs c
and boulder screes, T 1.4 Aluvidlopecurusmeadows,

T 1.6 WetFilipendula grasslands, T 5.5 Acidophilous
grasslands on shallow soils, L 2.2 Ash-alder a#luvi

libavodova@centrum.cz
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conservation of valuable habitats and speciesattiral
gene pool of a country was born in 187The pressure
upon landscape increased continuouslly and this fac
was the main impulse to create this network afré
areas, corridors and buffer zones, which provittes
physical conditions necessary for ecosystems and
species populations to survive in a human-dominated
landscape“(JONGMAN & PUNGETTI2004)

Estonia with its "Network of Ecologically
Compensating Areas” is usually consideres a pioater
the concept of ecological networks HENETT &
MULONGOY 2006). But the ecologicla network of
former Czechoslovakia - Territorial Systems of
Ecological Stability (USES), was developed at thme
time.

The concept of ecological network was based on
MacArthur and Wilson’s Equilibrium Theory of
Island Biogeography (BENNETT & MULONGOY 2006,



BUCEK 2009), which is based on the context between
the size of an island, its distance (separatedriess)a
continent (degree of isolation), and the number of
species which inhabit the island. The biodiversityhe
island is the result of species” immigration and
extinciton, which are in balance. To give an anglog
this theory proposed in the landscape: the norablest
areas (for example intensively used agriculturad)
are compared to ,oceans" and the ecologically more
stable ones to “islands” or — if they are larger —
“continents”. The “oceans” create barriers to miigma

of organisms between the “islands” and “continents”
(BUCEK 2009).

In 1980°s, other European countries began to
develop ecological networks. They were based on
similar theoretical foundations. In addition to eth
Equilibrium Theory of Island Biogeography, they wer
based on theTheory of Metapopulations and
Pulliam’s ,Source — Sink “ Theory. The Baltic states
— Lithuania and Estonia together with the Russian
Federation usedhe Theory of Polarised Landscape
formulated by Russian geographer Boris Rodoman in
their national programs of ecological network
(BENNETT & MULONGOY 2006,BONNIN et al.2007).

In 1990°s the popularity of ecological networks
significantly increased. Networks of connected srea
(often protected areas) were developed in Australia
Latin America and Asia under different names. IrrtNo
America originated ,greenways" -ngtworks of land
planned, designed and manged for various purposes,
but anyway compatible with sustainable land use*
(AHERN In JONGMAN & PUNGETTI 2004). Another
North American project comparable with European
ecological networks is the ,Wildlands" projects foal
is to create petwork of wildlands, which can protect
and restore natural heritage of North Amerio@Noss
In BENNETT & MULONGOY 2006).

2.2 Components of Ecological
Network

The Ecological network, as mentioned above, coidits

» core areas (usually protected by) buffer zones and
(connested through) ecological corridoréBISCHOFF&
JONGMAN In JONGMAN & PUNGETTI 2004). Names of
components and their definitions differ from coyntio
country. The following general definitions are daln

all of them (BENNETT & MULONGOY 2006):

Core areasare areas in which is the protection of
biodiversity has the highest priority.

Corridors connect core areas, they play an
important role in preservation of environmental and
ecological connectednee.

Buffer zones should eliminate negative influences
of surrounding on core areas.

In some cases, there is fourth component -
sustainable-use area$BENNETT & MULONGOY 2006).
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3 Territorial Systems of
Ecological Stability (TSES)

3.1 History of the Creation of TSES

The main inducement for creatio of the TSES was
necessity to cope with consequences of unsuitable
interventions in the landscape, which mostly
accompanied the effort to increase agricultural
production. The trend established in the period of
colectivization in 1950°s continued, and areas of
continuous tracts of arable land and use of legaldea
areas for agriculture increased. Balks and grovesew
destroyed, wetlands and wet grasslands were
meliorated. These changes of landscape’s strulgdre

to the disruption of outflow a to the increasedl soi
erosion. The changes also reflected in living oigjas:
numbers of species dependent on small landscape
elements within fields decreased (for example nusbe
of the partridgePerdix perdi}. Biodiversity as well as
ecological stability of ecosystems decreased.

The Territorial Systems of Ecological Stability
(TSES), defined by Biek as thetworks in
the landscape that is constituted by all existingd a
proposed relatively ecologically stable segmentsciv
contribute or will contribute to conservation of
biological diversity in the landscapéBUCEK 2003),
offered a way to reverse this undesirable trend and
return ecological stability to landscape. TSES were
developed in three levels local, regional and
supraregional. This stlected framework of internally
ecologically stable segments of landscape, whigh ar
functionally allocated in the landscape on the basi
functional and spatial criterion§LOW 1984)" aimed
from the beginning to: ensure positive influenaeshe
surrounding, less stable landscape; preserve lapdsc
gene pool and support the possibility of multifuocal
land use.

In 1992, TSES were accepted as a part of the Act n.
114/1992 Sh. about nature and landscape consarvatio
Executive regulation to this Act — n. 395/1992 Sbh.
clearly delimited what TSES consist of. Specified
methodology for designing TSES is from 1995 and is
called ‘The Handbook of Designer of Local TSES’
(LOW et al. 1995)The most detailed elaboration of the
concept of TSES is offered inThe metodology
processes of designing of local TSESMAD ERA &
ZIMOVA 2005), which was designed as a multimedia
textbook.



3.2 The Theory of Biogeographic
Differenciation of Landscape in
the Geobiocenological Conception

The Theory of Biogeographic Differenciation of
Landscape in the Geobiocenological Conception
(BUCEK & LACINA 2007) summarises the steps for the
determination and design of TSES. The theory igdas
on the geobiocenological researchpodf. A. Zlatnik
(ZLATNiK  1975). This methodological procedure
consists of the following stages: differentiatiod o
potential state of geobiocenosis, differentiatibmctual
state of geobiocenosis, differentiation of geobimsis
on the basis of intensity of human impact,
differentiation of geobiocenosis on the basis ekleof
ecological stability and differentiation of areas the
basis of natural conservation, which includes digim

of ecologically significant segments of landscape
(BUCEK & LACINA 2007, MADERA & ZIMOVA 2005).
The ecologically stable segments which alreadyt éxis
landscape fornthe frame of ecological stability of the
landscape Its selected part is thexisting TSES To
form an optimally functioning TSES it is necessaoy
supplement the existing TSES with additional eletsien
- designed TSES in the functional and spatial way.

3.3 The Components of TSES

TSES similarly as the ecological networks of other
European countries consists dfiree components
centre of biotic diversity (biocentre), biological
corridors (biocorridor) and interactional elements.

4 Model Area

4.1 Delimitating of Area

The model area -Brtnice region - was chosen from
several reasons. Thanks to the geographic location
physical-geographic conditions, the character of
settlement, the way and the history of changeben t
= R S kV: Sy T o 0
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Figure 1: Delimitating of Model Area
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land—use can be considered a common cultural
landscape of Czech Republic”.

The Brtnice region is situated in the central prt
Czech Republic in  Bohemian-Moravian Highlands,
about 12 km southeast of the Town of Jihlava (see
Fig.1), in the Area of $izov, Rimélkov, Komérovice,
Panskd Lhota, Dolni Sgmé, Svatoslav, Bitaice,

Luka nad Jihlavou a Vrzanov.

4.2 Characterization of Area

4.2.1 History of Settlement

In prehisotric period the model area was situatethé
boundary forest between Bohemia and Moravia. The
prehistoric people moved across the landscape in
important pathway connecting lowlands of Labe river
with Vindobona. Later, in the Middle Ages, this
pathway was called ,Haberskd“. The first continual
settlement originated in turn of 12th and 13th agnt

the settlements arised belong the pathway and felon
the stream of Jihlava river. The colonisation oréged
from the cloisters (cloister of benedictines in tawvn

of Tiebk) and aristocracy (MRiNSKY 1988). History

and character of settlement are reflecting in hystaf
land use and in actual state of vegetation. Thet mos
valuable parts od model area are located in badly
accessible places, like hillsides, rock outcrops or
ravines.

4.2.2 Physical — Geographic Characterisation

The geological subsoil is formed by the rocks afeol
part of Czech Republic Fhe Czech massit- and his
part -moldanubic region (CHLUPAC & STORCH1992).
These precambric strongly metamorphic rocks -
migmatite and para - gneiss are penetrated bygeu
paleozoic rocks. The plutonic Massif of Jihlava gat
from the Earth’s surface in the northwestern pdrt o
model area, is formed by granite and monzonite. The
wider Massif of TFebi is located easterly from the
model area. The youngest rocks are sediments of
Quaternary age, which are located around thersgea

The model area is situated in the moderately warm
climatic region and subregion moderately warm 3 and
moderately warm 5 (QTT 1972). The subregion -
moderately warm 5 is situated around the Jihlavd an
Brtnice river. The subregion moderately warm 5 has
higher number of spring days (140-160) and higher
number of days with average temerature 10°C a highe
(30-40). The average year temperature is 7°C. The
coldest months is january (average temperature’G®,9
and the warmest month is july  with average
temperature 16,9°C. These data are from the
meteorologic station in Jihlava. Average of quigmnif
precipitation in the year is 655 mm (data from
precipitation station in Brtnice).

The Region of Brtnice belongs to the Hercynic
biogeographical subprovince, to the biogeographic



region1.50 The Bioregion of Velké Me4ii¢i (CULEK
1996). This bioregion takes 2525 kand it is typic by
depauperate biota of the 4th beech vegetation degre
with the transitions to the 5th fir — beech vedgetat
degree. There argeven“ Types of Bichora$ in the
model area: 4BP Dissected platforms on neutral
plutonic rocks of # vegetation degree (v.d.), 4BS
Dissected platforms on acid metamorphic rocks 'Bf 4
v.d., 4PP Hilly areas on neutral plutonic rocksA8f.

d., 4 PS Hilly areas on acid metamorphic rockstBf.

d., -4UP Distinct valleys on neutral plutonic rociks
dry area of & v. d., -4US Distinct valleys on acid
metamorphic rocks in dry area of' 4. d. and 4 VS
Highlands on acid metamorphic rocks of' 4. d.
(CuULEK a kol. 2005)

Figure 2: Rock outcrop with pines are changed GTG
3 AB — B 1-3 Querci fageta humilia
5 The Biogeographic
i Sometimes there is a GTGEAB — B 1 — 2 Fageta
Foundations humilia, dwarft beechwood in their surrounding. The
most common GTG ard AB — B (BC) 3 Fageta
5.1 Potential Natural State of paupera superiora, depauperate beechwood of high
Geobiocenosis degree or 4 B 3 Fageta typica, typical beechwood.

) The areas surrounding to streams are more tropfic a
There are three ways to characterise natural state e can found here GT@ BC — C (4) 5a Fraxini

geobiocenosis. The first is botanic ways - theepoial alneta superiora, alder forests with ashes of high
natural state of vegetation aftéhe map of potential degree(see Fig.3). There are small fragments of GG
natural  vegetation of the Czech republic BC 3 Fageta aceris, beechwoods with map&nd4 C

(NEUHAUSLOVA a kol. 1998). There are four types of 3 Tili acereta fagi, maple forests with linden and
potencial natural vegetation in the model area: peechon the slide rocks. There are transitions to 5th

beechwood with toothwort Dlentario - enneaphyHi fir — beech vegetation degree in the highest pafts

Fagetun), woodrushes beechwootugzulo—Fagetury modeal area. The fir trees are preserved on thitats.

woodrushes or fir oak forestsLuzulo albidae— There are GTG5 AB — B 4 Abieti - piceta equseti inf

Quercetum petraeae, Abieti Querceturiihe most spruce groves with fir and horsetal A — AB 3 Fagi

common is the type — beechwood with toothwort. abietina 5, beechwoods with fir5 B 3 Abieti — fageta
The second way is to use thgologic system of typica, typical beechwoods with fir.

Forest Management Institute (UHUL). There are
perhaps 20 groups of forests types in model arba. T
most common are: 4S9 Fresh beechwood on the
hillsides, 5S3 The fresh beechwood with fir @®alium
scrabrum 5S9 The fresh beechwood with fir
depauperate on the | hillsides and plateaus
(www.uhul.c).

The third way isggeobiocenologic typologyBUCEK
& LACINA 2007).This clasification system is simillar to
previous.

There are 200 Groups of geobiocoene types
(GTG), they are formulated by three positions code.
The first postition is vegetation degree, the secon
position trophic rank a and the third is hydrickan

The model area, the Region of Brtnice, is located i
4th beech vegetation degreebut smaller areas of two
nearby vegetation degrees the 3rd oak—beech
\ézg?éigfg s?tigizzatﬂgréhtiit_h fir-beech vegetation 5.2 Actual State of Geobiocenosis

The groups of geobiocoene types of 3rd vegetation The habitats are representing actual state of
degree are situated on the hillsides and rock opgcr geobiocenosis. The typology of habitats was made in
There is group of geobiocoene typ@sAB — B 1 — 2 according to Habitat Catalogue of the Czech Republi
Querci fageta humilia, dwarft beechwood with oak (CHYTRY, KUCERA & Koci 2001) There were
(see Fig.2) deliminated thesehabitats strongly influenced or

Figure 3: GTG 4 BC — C (4)5a Fraxini alneta
superiora, alder forests with ashes of high degree
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created by man X1 Urbanized areas, X2 intensively
managed fields, X3 Extensively managed fields, X5
Instensively managed meadows, X9 Forest plantations
of allochtonous trees.The natural and natural
friendly geobiocenosisare existing only like small
fragments of habitats: M 1.5 Reed vegetation of
brooks, S1.2 Chasmophytic vegetation of silicedififs ¢
and boulder screes, T 1.4 Aluvidlopecurusmeadows,

T 1.6 WetFilipendula grasslands, T 3.5 Acidophilous
dry graslands, T 5.5 Acidophilous grasslands otisa
soils, L 2.2 Ash-alder alluvial forests, L 3.1 Hgm@an
oak-hornbeam forests, L 5.1 Herb-rich beech fordsts
5.4 Acidophilous beech forests and K 3 Tall mesid a
xeric scrub in model area too

5.2.1 Examples of Habitats

T 1.4 Aluvial Alopecurus meadows

These habitats (see Fig. 4) are situated in nutrieh
valley bottoms. The quantity of water in soil fluates

in year. The spring flood is caused by melting srama

ice, meadows are wet and that is why, they can be
managed only in summer and autumn period. These
plant taxa are growing there: meadow fox-tail
(Alopecurus pratensjsCommon Velvet GrasHplcus
lanatug, common rush (Juncus effusys Creeping
Jennie (Lysimachia nummularja wild mint (Mentha
arvensi$, silverweed cinquefoil Rotentilla ansering
Queen Of The Meadow{lipendula ulmarig, Creeping
Buttercup Ranunculus repehs hairy sedge Carex
hirta), Buckhorn Plantain(Plantago lanceolath red
fescue Festuca rubry Meadow GeraniungGeranium
pratens¢ and Brown Knapweed Centaurea jacen
(VoDOoVA 2004).The ecological stability is quite high —

4,

Figure 4: T 1.4. AluviaRlopercurusmeadows in the
Valley of Brtnice

L 5.1 Herb-rich beech foress

This habitat exists only in small fragments in thedel
area (see Fig.6), but previously it was one of nfuest
common type of forest. The herb — rich forests are
situated in the nutrient richer places. There asmyn
herbs in bloom in the spring, for example: Eurgpea
Wild Ginger @Asarum europaeumpaneberry Actaea
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spicatg, dog's mercury (Mrcurialus perennis spring -
vetch (athyrus vernus and may lily (Maianthemum
bifolium). The shrubby floor is rich too. There are
growing these taxa: Black-berried Honeysuckle
(Lonicera nigrg, Dwarf Honeysuckle Lonicera
xylosteur), Paradise PlantD@phne mezeredm The
ecological stability is high — 4 or 5.

5.3 Ecological Stability (ES)

The habitats are evaluated antensity of human
impactes and on level of ecological stability (EEhe
ecological stability in the model area is the higth@-5)

on the habitats in Valleys of rivers Jihlava andnize,

but low on the agricultural land on the plateamsere
habitats strongly influenced or created by man pccu
almost exclusively. The lowest ecological stabil(ity2)
have habitats X1 Urbanized areas and X2 Intensively
managed fields (see Fig.5).

Figure 5: X2 Intensively managed fields (ES 1) and
X5 Intensively managed meadows (ES 2) in the afea o
Panské& Lhota

5.3.1 Ecologically Significant Segments of
Landscape

The ecologically significant segments of landscape
resulted from comparing of potential and actuatesta
All ecologically significant segments of landscape,
which are in landscape existing forithe frame of
ecological stability of landscape which will be
completed by designed part of TSES to form ecohdgic
network (LOw 1984,BUCEK & LACINA 2007,MADERA

& zIMOVA 2005).

The most of ecologically significant segments of
landscape in the model area is located in the Yaife
Brtnice river (see Fig.6), in the Valley of Jihlaviger
and highlands on left bank of Jihlava river. Thaseas
were badder accessible than surrounding plateaus fo
our ancestors, their using was limited. The intgnsf
human impactes is there the lowest and
geobiocenosis are natural or natural friendly.

But for developing of optimal ecological network
is necessary to design elemets of TSES which &ileh
possitive impacts on surrounding less stable gileas

their



1984). It is very important to design and realihes
ecologically stabilize areas on the pleataus inmloglel
area.

7

Figure 6: Ecologically significant segment of
landscape - the fragment of herb-rich beech forest

6 Complementing Data for
Developing of Ecological
Network

It is possible to use results of explorations segkarchs
for delimitating and designing of ecological networ
these results can informe about both the
biogeographically significant taxas and the noriveat
taxas, which can expande in model area in an ingasi
way. Particulary valuable are explorations of migm
pathways, stopovers and barriers, which keep from
migration.
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