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DEVELOPMENT OF ENVIRONMENTAL STRESS IN THE
NORTHWESTERN PART OF CZECHIA: NEW APPROACHES
AND METHODS
M . B a l e j , J . A n d Ï l , T . O r ö u l · k , P . R a ö k a : Development of
environmental stress in the northwestern part of Czechia: new approaches and methods. ñ
GeografieñSbornÌk »GS, 113, 3, pp. xxxxxx (2008). This article deals with the theoretical
background to environmental stress theory that includes a multivariables system of
indicators and the application of such theory. The environmental stress lies at the
intersection of the stressors in the subsystems of a landscape, that is: natural (e.g. relief
topography, air, water, soil, and biota) and/or social (e.g. demographic and economic
variables). The methodological concept used can be applied to other areas of study because
of its broader spatial and functional applications. In comparison to other methodologies
used to evaluate the anthropopressures on the landscape (those that monitor changes in
land use), the environmental stress assessment is directed at locating ëstressorsí beyond the
study areas that can significantly impact on future studies.
KEY WORDS: environmental ñ stress ñ cultural landscape ñ northwestern Czechia.

The work was supported by Ministry of Labour and Social Affairs (Czech
Republic) through grant Methodical procedure of social and ecological links
assessment with economic transformation: Theory and application, No. 1J
008/04-DP1 and by Grant Agency of the Czech Republic through grant project
Formation of Social Structures behind the Changing Cultural Landscape in
the Period of Transformation, No. GA403/06/0243.
Introduction
The term stress often is used to describe medical, psychological, biological
and physical conditions. It denotes a ësystem of powerí that causes strain or
even produces deformity that damages the ëhostí system. The factors
producing ëstressí are referred to as: a stressor. For MÌchal (1992) such ëouter
disturbing factorsí are the direct result of a stressor. Stress is the affect or
influence of a stressor on a particular system. In the case of a landscape, the
system consists of biotic, abiotic and human elements, and ëstressí represents
all the deformities that exist in a system. Every impulse that exceeds
standard levels of intensity within a system (whether physiological, natural,
generally social or economic) is called: stress (or pressure, strain, disturbing
force, trouble, and difficulty). It represents an extraordinarily powerful even
intensive phenomenon resulting in a series of deviations from common
fluctuations. Reactions to stress include resistance (effective) or the opposite
ñ inertia. The ability to react to ëstressí is related to the ability to compensate
(remove) the effects. The first phase of the reaction to stress stems from the
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principle of resilience. Resistance in this case is interpreted as successful.
However, in the final phase a system either collapses (changes its character)
or is neutralized by the stress and continues to function. The ëstressí can be
thus set off wholly, incompletely or if the ëstressí is not compensated for at all,
the system will collapse. Ingegnoli (2002) also argues that if the source of the
stress is constant (chronic) or even too strong, this will lead to what is termed:
endangering the ëhealthí of a landscape.
The theory of landscape ecological stressors was developed in Slovakia
(ä˙riov·, IzakoviËov· 1995; Atlas krajiny Slovenskej republiky 2002). Others,
Lipsk˝ (1998), Erickson (1999), Antrop (2000), or Ingegnoli (2002) also use the
terms environmental stressor, anthropopressure or landscape strain to
describe forms of degradation of the natural landscape, natural conditions
otherwise seen as: landscape pathology or anthropogenic disturbances.
The identification of such anthropogenic stressors and accounting for these
through the concept of ëstressí reveals humansí influences in/on the landscape.
The advantage of using terms like ëstressí and ëstressorí helps in identifying
the causes as well as the consequences of such environmental effects. Stress
is used to describe a meaning broader than its usual context. It covers both
ëstressí in the natural and the human landscape subsystems. We can talk
about it in connection with all landscape components (natural and human).
Stressors also include disturbances, but not only these. Included too are the
transformations of land use through anthropogenic activities or noise, odour
et cetera. Stress in the human subsystem (e.g. social pathological phenomena,
delinquency, unemployment, divorce rate, the rate of natives) and its
consequences on the landscape character, landscape structure, and landscape
ecological processes, very often remain unnoticed although it is a significant
force to ìlandscapeî a system (Hobbs 1997, Risser 1999). Efforts have been
made to also quantify the rate of anthropopressure through a ratio that
includes land use types (Skowronek et al. 2005). But these are partial views
that reflect only certain given environmental issue. The environmental stress
assessment can be one of the most suitable methodological concepts to
ascertain landscape development trajectories (cf. Conway, Lathrop 2005;
Pauleit, Ennos, Golding 2005).
In our research we asked the following questions:
ñ How will ecological and social stress evolve in different landscape types and
at various time periods?
ñ Is it possible to integrate social and ecological stress into a comprehensive
indicator to predict what the complex/negative effects of humans are on
landscape subsystems?
ñ Can the changes in ecological and human stresses be related to each other?
ñ If so, which has the greater dynamics?
ñ What are the reasons for the most striking way in which changes in the
intensity of stressors can be noted as well as in the subsequent occurrence
of stress?
ñ Where are we to look for the main driving forces?
ñ What connections are there between individual partial variables?
Case study: the northwestern part of Czechia
The research includes the three studies conducted alongside the
CzechñGerman borderland (the northwestern part of Czechia) where the
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Fig. 1 ñ Study areas BÌlina, Petrovice and T¯ebenice and their surroundings within the
northwestern part of Czechia.

areas are marked by partially different development, mainly induced by
different geographical conditions, and then these were analyze in terms of
land use and environmental stress changes from the mid 20th century
(Fig. 1).
The northwestern part of Czechia was in the past a ìbarometerî to measure
fundamental changes in the development of the Czech landscape. The
changes were mostly brought about by industrialization and urbanization
processes causing ecological problems as far back as the Saxon towns of the
mid 19th century. In the 1950s the environmental stresses increased and by
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the 1980s (30 years later) this former region known as Czechoslovakia was in
need of critical interventions. At this stage all the natural components of the
landscape system were damaged. This high environmental stress now also is
visible in the health and demographical variables of the population.
The study area where the environmental stress has the highest intensity is
represented by the BÌlina area. This study includes the town of BÌlina and
wider still, also the destroyed settlements. The second, slightly different type
of area is more hilly, the border area of Petrovice that lies northwest of the
city ⁄stÌ nad Labem. The Petrovice area is mountainous, the areas of the Ore
Mountains (KruönÈ hory) significant for its dynamic development until the
end of the 19th century. Its subsequent stagnation ñ both economic and
demographical development ñ further more after World War II resulted in
markedly regressive trends that have changed not only the function but the
character of the landscape. The third study area is T¯ebenice where the
indications are that this is an intensively agriculturally exploited landscape.
Here the landscape function remained stable during its whole development.
The BÌlina, Petrovice and T¯ebenice areas are different analogical landscape
types in the northwestern part of Czechia.
Environmental stress: methodological concept
The negative influence on the landscape, i. e. of the changes of the
environmental stressors that cause ecological or social stress in the
landscape, generally can be grouped according to different characteristic
periods of human history (Agnew, Livingstone, Rogers 1996). We can
distinguish three basic evolution phases in the development of societies
(Hampl 1998):
ñ The pre-industrial period characterized and determined by natural
subsystem, the distribution of settlement structures and economic
activities.
ñ The industrial society marked by the development of a secondary sector
that has distinct dynamics of change. Ecological determinations gradually
are overcome and the role of socio-geographical factors increase (Berry
1973; Broek, Webb 1978). In our case, this phase is represented by the socalled totalitarian period (the German occupation and the period of
communism) which actually represents the final phase of the industrial
society and a decline from the natural trajectory of Western Europe (here
certain features of a post-industrial society are already revealed). For the
northwestern part of Czechia this period means a break in the existing
continuity of development.
ñ The post-industrial society in the Czechia is characterized by an intensive
development of communication and information contacts (pressure on
transport and communication networks) and by developing tertiary
economic sectors such as services and tourism. In the settlement structure
there appears to be an integration of all systems. Also, trends focus on
depopulating developmental tendencies in large cores (ìgravity centers,
nodesî) in the place of areas in their background (Hampl et al. 2001).
We will focus on the last period of the industrial society in Czechia, i. e. on
the totalitarian period, and on the post-industrial phase, where the essential
changes of the ecological and social stress development in the study areas can
be documented.
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Fig. 2 ñ The general scheme of the stressor influences and stress occurrence in the
landscape system

Marsh, Grossa (2004) consider the presence of the excessive environmental
stress level in the landscape system to be the basic factor distinctively
determining the so-called environmental quality. The environmental quality,
as a fundamental attribute of the landscape system, is threatened by synergic
influences of environmental stressors on both natural and human subsystems
(Fig. 2).
In the methodical procedure of the ecological and social stress
accounting we divide the period of the second half of the 20th century
(totalitarian and post-industrial period) into five time horizons for which
there are valid databases available. Approximately in 1950 the final stage
of the industrial period begins. In the totalitarian period environmental
stressors start to intensify dramatically. The two following time horizons
(1970 and 1980) indicate dynamic changes in the totalitarian era. This
ends in the year 1990 when the post-industrial period arrives. The last
horizon ñ 2005 ñ documents the phase of inhibition of stressors in the postindustrial period.
The focus of the article is to obtain our own methodology to assess the
environmental stress and the latterís application in specific geographical
conditions. The methodology of evaluating the ecological and social
environmental load developed by The Research Institute of Constructing and
Architecture (V⁄VA) in Prague in 1991, becomes an accounting system for
ecological load evaluation as well as experimental and social load evaluation
(AndÏl 1993). The V⁄VA methodological concept was applied to the whole
territory of Czechia in 1991. Comparative studies in development after 1989
used identical parameters to measure conditions in eight study areas in the
⁄stÌ nad Labem region in 2001 (Balej 2004).
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Fig. 3 ñ The DPSIR scheme ìDriving forces ñ Pressures ñ State ñ Impact ñ Responseî.
Source: Jesinghaus (1999).

The environmental stress in the study area indicates the influence of the
stressors that are located both within the area and also in areas beyond its
borders. The effects of environmental stressors donít respect administrative
boundaries. From the terminological reference the stress follows internationally
recognized methodological schemes evolved on the basis of the EEA concept
(European Environmental Agency; Jesinghaus 1999). Environmental stress
accounting reflects the anthropogenic pressures in the DPSIR scheme (ìDriving
forces ñ Pressures ñ State ñ Impact ñ Responseî, Fig. 3).
A fundamental point of the methodological procedure is to choose the
indicators and then to represent these according to their particular features
in the natural and human subsystems (AndÏl 1993). The accounting process
is done in correspondence with similar methods that are based on a set of
rating points. The maximum interval of the chosen indicator for a monitored
area then is divided into quartiles. Values are assigned to each as follows: in
the range of low (quartiles Q1=0), below the average (Q2=1), above-average
(Q3=2) and high (Q4=3). These then are multiplied by relevant weights (e. g. 1
or 2). Naturally the hierarchy level is important. In the environmental stress
accounting, the variation interval for individual indicators with hierarchy
level increases and there can even be different scale of rating points. The
following environmental stress assessment is valid for any other territory.
For the purpose of the ecological stress accounting (EcoS) we first notice the
degree of degradation of the relief and soils (Tab. 1). For the northwestern part
of Czechia a distinctive anthropogenic topography transformation is typical
122
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Tab. 1 ñ Ecological stress indices

Group
Relief and soils
degradation

Index Indicator
A1
A2
A3

Air pollution

A4
A5
A6

Degree of anthropogenic
transformation
Potential aeolian and
water erosion
Dumping places
Air pollution SO2, NOx,
air dust
Local sources of air
pollution
Noise and emission

Specification

1

Degree

2
2

t.kmñ2

1

intensity and frequency
of traffic

2

quality factor

2

µg.m

A7

Surface water course
quality

Biota

A8

Forestal air pollution
prevailing category A ñ F
zones
Ecological stability index ratio of relatively stable
and unstable land
Barriers
length of artificial-

A10

2

ñ3

Water quality

A9

Weight*

Presence of anthropogenic
landforms in
Degree

1
1
2

Note: *according to the assessment made by team of international experts

(e. g. the surface mining of brown coal and quarries for building stone ñ
trachytes and phonolites). These have consequences not only the functional
disturbances of the natural subsystem but also in terms of the devaluation of
the total visual landscapeís quality (Balej 2004). The presence of illegal and
controlled dumping land-fills was evaluated by using a 0ñ3 rating scale. The
potential of water and wind soil erosion was calculated by means of the
Universal Soil Loss Equation (USLE) as defined by Wischmeier, Smith (1978).
Air quality was monitored on the basis of emission concentrations of solid
materials, SO2 and NOx and also by the indicator of the air pollution from
local sources (namely from houses heated by solid energy sources). The surface
water quality is represented by the indicator of the quality of the water in
streams. Ecological stress in the vegetation cover reflects of emission zones of
forest areas (the proportion of forest areas with deteriorated health state, that
is: the defoliation of treetops measured in %), and the ecological stability index
according to MÌchal (1992) (ratio of ecologically relatively stable and labile
land use types). With respect to the completeness of the information about the
stress in the natural subsystem the barrier effect calculation and the presence
of noise or odour cannot be omitted. The landscape fragmentation first of all by
transportation barriers (AndÏl et al 2005) was calculated as the density of
transportation lines (railway and roads) with individual stages being moreover
weighted by the intensity of traffic (by the number of vehicles or trains passing
on them within 24 hours). The ecological stress (EcoS) is given by
where w stands for the weight (1 or 2), n indicates the number of indicators 1
till 10 and An is the indicator of ecological stress.
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Tab. 2 ñ Social stress indices
Group

Indicator

Specification

Population change

Index
B1
B2
B3

Natality
Natural increase
Index of vitality

5 years average
5 years average
preproductive /
postproductive

Weight*
1
1
2

Family relation

B4
B5

Divorce rate
Incomplete families

5 years average
number

1
2

Economic relation

B6
B7

Index of education
Unemployment

university / elementary
5 years average

2
2

Spatial relation

B8
B9
B10

Natives
Migrational balance
Migrational change

in %
5 years average
5 years average

2
2
1

Note: *according to the assessment made by team of international experts

Social stress (SocS) reflects social aspects which we consider as having a
negative effect on o human beings. A set of evaluating indicators should
therefore indicate basic population features (Tab. 2). The population
movement is evaluated by three indicators ñ the vitality index (rate of preproductive and post-productive component), the level of the birth rate and the
natural growth. In the case of the municipality scale of the research it is
important to work with the last two mentioned indicators and a five-year of
averages to eliminate random phenomena. Family disturbance indicates the
rate of incomplete to complete families and we set the divorce rate as the
number of divorces per 1,000 inhabitants in the given five-year period. We
monitor the economic features with the help of the unemployment rate. As in
the totalitarian period it did not exist statistically and it is correct to work
with this indicator only in the last time horizon rather than to abstract from
it. In the environmental stress methodological concept it nevertheless acts as
an indicator which for the territories not having gone through the totalitarian
era is not substitutable. An important indicator is the educational structure
monitored via the index of education calculated as the proportion of
inhabitants with university/college to those with basic education. Indicators
monitoring the spatial movement of inhabitants form a distinctive group.
They testify implicitly about the relationship of the inhabitants to the
territory where they live. One of the indicators is the ratio of inhabitants born
in the living place, the second is the migration balance indicating
attractiveness or on the contrary unattractiveness of the study areas, and the
third is the migration turnover testifying about a labile or stable relation to
the living place. Both of the last indicators are, with respect to the possible
contingency, monitored in a five-year time horizon (Haggett 1975). The social
stress (SocS) is given by

where w is for the weight (1 or 2), n indicates the number of indicators 1 till
10 and Bn is the indicator of social stress.
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Fig. 4 ñ Average SO2 and PM10 (particles smaller than 10 µm) concentrations in the study
areas (µg.mñ3 per year). Source: data of CHMI.

Fig. 5 ñ The development of the ecological (EcoS), social (SocS) and environmental (EnviS)
stresses in the study areas in the period of 1950ñ2005
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Results
The ìstrongestî stressing factor, from the point of view of the influences
rate on other components of the natural subsystem, are stressors causing
ëstressí in the air and which consequently and synergistically have an effect
on the whole natural subsystem. Figure 4 shows the development of the A4
indicator, which was changed in the most dynamic way.
The ecological stress development confirms dynamic changes in the impact
of the most prominent stressors especially where power stations produce
multiplicative stressing effects on landscape components (Fig. 5). The high
increase of the ecological stress until 1990 is connected to both air pollution
and also the increasing deterioration of forest growth. Also affected are an
increase in anthropogenic soil and relief transformation and a decrease in the
quality of surface streams. On the other hand, there has been a markedly and
even dynamic decrease in ecological stress after 1990 in all the study areas
but this is compensated by stressing effects of increased traffic intensity.
There also has been the affects of intensified noise and transport emissions,
the expanding landscape fragmentation, the non-decreasing degree of the
anthropogenic relief and soil transformation and a non-improving state in
health of the forest growths. The amplitude of the ecological stress changes
has reached, in this second half of the 20th century, its maximum values in
T¯ebenice area (more than 300 %), in Petrovice area (almost 300 %) and in
BÌlina area (more than 200 %). Among these three study areas BÌlina is worse
hit in that this area exceeds others as a distinctively impaired natural
subsystem. It reaches the highest values in all monitored indicators of the
ecological stress.
Environmental stress (EnviS) is the sum of stress in two subsystems (social
and natural):

where w is the weight (1 or 2), n indicates the number of indicators from 1 till
10 and An and Bn are indicators of ecological and social stress respectively.
While some partial indicators may act in different ways and even include
opposite directions (such as registering positive immigration in the social
subsystem but negative in relation to the natural one), in general such
variability does not pose a significant problem.1
The totalitarian period (the German occupation and the period of
communism between1939ñ1990) is a final phase in the Czechia industrial
society. For the northwestern part of Czechia this means a break with
existing development practices and opening up to a dynamic growth of the
ecological and social stresses. This turning point then also is, besides the
intensive increase in anthropogenic stressors, connected to strong migration
movements. The latter refers to the transfer of Germans to ìnewî settlements
on the borderland. This relocation of the German population here and
movement of people from the Czech interior have resulted in changes both
quantitative and qualitative in character. The insufficient occupancy for
1

The relation of indicators in both subsystems has been analysed by correlation coefficients and will be further analysed in a future research.
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emigrating population between 1930 and 1950 had resulted in a population
deficit for Petrovice area of approx. 72 %, for BÌlina area 30 % and for
T¯ebenice area 25 %. Other significant indicators include nationality, age
categories and changes in economic development. This new settlement has
certain distinguishing albeit negative specifics: a higher ethnic heterogeneity,
an unfavorable educational structure and a distinctive social pathology (i. e.
delinquencies, drug addiction, steep divorce rates). On the one hand these
settlement gravity towns have grown dynamically but on the other there has
been a ìcollapseî of the structure in the smaller settlements. Also there have
been a number of settlements that have been abandoned in the post-war nonsettlement period, such as the territory of the Czech-German borderland. In
Petrovice area two-thirds of the settlements have disappeared. However,
because of the brown coal mining in the BÌlina area, the town of BÌlina still
remains as one out of eight settlements. Here new ëin-coming settlersí now
live and have lost their historical connections to their landscape. In 1990 the
proportion of natives in Petrovice area reached only 25 %. From the aspect of
view of migration there are strong labile tendencies (resulting in a high
migration turnover). In the totalitarian period a constant high negative
migration balance resulted in the younger generations moving into larger
towns. This had an effect on the life expectancy index with pronounced family
disturbances noted as well as a rise in the number of ëincompleteí families.
Throughout the totalitarian period the social stress factors continuously
increased to reach a peak towards the end of the period (with gross
accelerations in the 1980s).
In the post-industrial period social stress again decreased and regressed to
the levels noted at the beginning of totalitarianism (Fig. 5). These changes are
apparent from research in the development tendencies of study areas. Here
different geographic conditions, the population, social and natural features
are brought in. A crucial point in social stress development is then the year
1990. This was when the areas being studied here neared almost identical
levels (about 25 points). The social stress in T¯ebenice and BÌlina areas then
dramatically accelerated in this second half after a period of stagnation in the
first half of the totalitarian period. This was due to decreases in the vitality
index, a lowering of the natural growth index and a loss of migration through
unattractive migrating prospects. On the contrary, in the Petrovice area the
social stress remained very high from the beginning of the totalitarian period;
there was a distinctive increase in the first half of the totalitarian period (the
loss of the migration through factors of un-attractiveness) after which a phase
of stagnation followed. In the post-industrial period the social stress in the
areas studied develops in quite different ways. In the T¯ebenice area there is
a decreases due to a positive migration balance and an advancement in
natural growth and surprisingly too in the educational structures. In the
Petrovice area similar tendencies are evident. Here there is a dynamically
expanding rate of natives that guarantees/consolidates the wholes areaís
social stability. The situation in the BÌlina area however is different; here the
positive changes of indicators assert themselves with great difficulties.
Correlation analysis showed mutual cohesion of some indicators (e. g.
natives or migration balance). It also revealed the existence of negative
correlations in cases where groups of social stress were indicated nationwide
or within Central European tendencies (e. g. population decline, divorce rate,
increasing of the rate of single-parent families). Local specifics are not
reflected such as spatial movement or economical relations. This is
127
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Tab. 3 ñ The present-day typology of the study areas from the point of view of anthropogenic
stressors effects and the environmental, ecological and social stresses (1950ñ2005)
Indicator
Geolocation

Miningñurban
regionallyexposed

Recreational
semiperiphery

Agricultural
periphery

Location
(m above sea level)
The level of EcoS
The level of SocS
The level of EnviS

basin
(195ñ215)
high
high
EcoS>SocS
BÌlina

mountainous
(450ñ750)
low
relatively low
EcoS>SocS
Petrovice

lowland
(170ñ260)
relatively low
Low
EcoS=SocS
T¯ebenice

documented through correlation indexes between groups. Natality, for
example, has a high correlation with one-parent families (0.754) and a
negative one with the natives ratio (-0.654) and the index of education (0.717). Inside these groups more or less expected correlations can be found,
e.g. nativesí ratio and migration balances (0.735). In the frames of the
ecological stress it is shown that individual indicators of the ecological stress
intensify synergistically (a positive correlation index). Low values of
correlation indexes with the group of ìbiotaî indicators document a different
character of this component within the natural subsystem. The
developmental inertia of qualitative parameters is stronger in this case. Also,
dynamics and variability are less intensive.
On the basis of the ecological, social and environmental stresses
development, in the combination with the geographic-location factors a very
simplified typology can be drawn (Tab. 3): the first type ñ regionally exposed
areas with the prevailing mining and urban functions of the landscape are
characterized by a high ecological and social stress, whereas the ecological
stress exceeds the social stress significantly; the second type ñ the semiperiphery with the recreational function ñ has a low level of stress where
social stress dominates over ecological stress. This then can be differentiated
from the third type on the periphery that carries an agricultural function and
where the ecological and social stresses reach balanced values. The results
verify the occurrence of the given types as representatives of larger territorial
units of the northwestern part of Czechia. The first type represents
polycentric core basin areas under the Ore Mountains with the dominating
energy industry and mining function. The second type exemplifies the Ore
Mountains plateaus, from the greater part a marginal territory abandoned
and after the transfer of the German population permanently under-settled
with weakened historical relations to the landscape. The 3rd type is typical
for intensively agriculturally managed territory with fertile soils suitable for
plant production.
Discussion and conclusions
Prognoses suggest that by the year 2010 the emission concentrations will
decrease to 10 µg m-3. In the next years still a slight decrease can be expected
for the ecological stress and then rather stagnation. There may be even a
minor increase. In the connection with the presupposed escalation of the
electric power output or more precisely opening of heat power station blocks
in the next years there can arise possible changes in the concentrations of
sulphur dioxide or nitrogen oxides. The growing traffic intensity will
128
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Postindustrial period

Totalitarian period

Tab. 4 ñ Main driving forces in the northwestern part of Czechia
Year

Driving forces

EcoS

SocS

1945

transfer of Germans,
disruption of historical
relations, traditions and
customs, break off
across-the-border
cooperation

high landscape
permeability, finely
grained mosaic
of patches

loss of the relations
of man with the
landscape

1948

central planning, the end landscape unification high migration
of private property, 1st
ñ collective openfields turnover
collectivisation wave,
depletion of settlement
structure, new
colonisation

xxx

1970

chemical industry
development, 2nd
collectivisation wave,
development of quarry
coal and bulding stone
mining

growing air and river negative migration
pollution
balance

xxxx

1980

development of second
dwelling, power
engineering, construction
of prefab housing estates,
dynamical decrease of
surface water quality

culmination of air
and surface stream
pollution,
forestdecline,
monoculture planting

effort to steady
population ñ "death
grant", prefab
housing estates

xxxxx

1990

market economy,
improvement of air
privatization and
and surface streams
restitution, building of
quality
sewage processing plants,
gasification,
rehabilitation of
landscape

lowering of
migration turnover,
increase of natives

xxxxxx

2005

building of transport
infrastructure, tourism
develoment,
suburbanisation and
urbanisation trends,
reclaiming works,
damping of surface
mining

positive migration
balance,
strengthening of
identity of man with
a landscape

xxx

noise and traffic
emissions, damaged
forest growths,
anthropogenic
dagradation of soil
and relief, barriers

EnviS
(intensity)
xx

definitely contribute to increased toxic levels. The variability of emission
concentrations of solid polluting particles in the air, namely in rural areas
and during winter months, is dependent on the in which real use of
ecologically-more-friendly fuels in households. The air emissions of the
polluting agents possess many additional effects on the other components of
the natural subsystem. Also insulation intensity is decreased through the
higher degree dust particles present in the air (PM10). It has been noted that
in topoclimatic conditions the air circulation has declined. The influence of
the precipitations acidity on the chemical soil characteristics belongs among
the most prominent impacts on other landscape components. Due to the acid
rainfalls, the pH factor of soils in the northwestern Czechia has dropped by
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an approximate average of 0.5 degree during the 1971ñ1981. It is hard to
anticipate whether there will be improving tendencies within the indicators
that relate to anthropogenic soil and relief transformations. It is expected
that the health state of the forest growths will stagnate in direct relation to
the soil pollution. Also, the global climatic changes will affect the planted
spruce tree monocultures in lower locations and these will suffer from more
distinctive damage. Increasingly, however, there is a tendency to respond to
the intensity of the line stressors. Since the 1980s a twofold (in some cases
even more) increase in the carrying capacity of the communications by
vehicles has occurred. This increase has an unambiguous stress effect that
results in higher landscape fragmentation and also alongside intensified
communications and increased traffic. The noise and emissions from the
transport will thus increase.
Driving forces are a decisive factor in the environmental stress
development (Tab. 4). The determining driving forces in the first phase of the
totalitarian period were the transfer of the German population and the
following non-settlement. It caused a break of continuity in the landscape
trajectory and also the relationship between humans and the landscape. The
second phase (after 1948) was distinguished by the abolition of private
property, the collectivization and by negative developmental trends in the
settlement structure. The environmental stress was increased namely by
landscape ìunificationî, homogenization (both of the function and the
structure) and by a high migration turnover (lability of settlement). New
settlers from the Czech interior were often unsuccessful in ìgrowing togetherî
with their place of living. The question is: Is a landscape a scene we are
looking at, or a world we are living in? (Wylie 2007). The third phase of the
totalitarian era (after 1970) is distinguished by a high pressure on the natural
subsystem (the development of the quarry coal mining, energy and chemical
industries). As the ecological stress increases dynamically, this has a
consequent effect attached to the loss of the landscape attractiveness. Also,
this results in ìchanging the polarityî balance of the migration to a negative.
This tendency culminated in the threat of an ecological disaster in the 80s: the
culmination of air and water pollution and, forests in decline etc. The
disturbance of the natural subsystem shows itself negatively on the state of
health of the population. The emigration of the inhabitants is regulated
politically and in the form of so-called stability bonuses commonly known as:
ìdeath grantsî.
The predominant driving forces in the post-industrial period are connected
with the market economy and necessarily also with applying ecological
disposals. The air quality and water in surface-streams is markedly
improving, limits are being placed on coal mining and there is evidence of the
landscape being reclaimed. Improvement to the quality of the environment is
also attracting tourism which boosts the migration balance from a negative to
a positive orientation. Slowly the identity of humankind with the landscape
is strengthened.
Between the totalitarian and the post-industrial periods we can find
essential changes of the environmental stress development. While the
totalitarian era is characterized by the dynamic increase of the ecological
stress and by a certain shift (ìdelayî) of the social stress, in the post-industrial
period we identify a decrease of the ecological stress and again with a definite
shift also of the social stress. This fact together with the twofold higher
amplitude of changes in the ecological stress as compared to the social one
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thus undoubtedly testifies about a higher dynamic of the natural subsystem
and about a higher persistence of the social subsystem. Regarding the
indicators used in the research, those proposed by the authors and then
refined by the team of international experts, this conclusion indicates taht the
higher ìvulnerabilityî of the natural subsystem, the greater the complexity of
the social subsystem. Notwithstanding, it has to be mentioned that using
another set of indicators (according to data accessibility and relevancy), this
conclusion may not be valid generally. An important role is undoubtedly
played by a greater merging of social items and where certain negative trends
now can be neutralized by opposite tendencies. It is shown that for e.g. air or
water quality changes, heading toward a positive development, can be carried
out in a relatively shorter time horizon, whereas in the social subsystem
changes can be reached only in a relatively long time horizon. Differences
surface within individual components of the natural subsystem. It turns out
that abiotic elements likewise are subject to developmental changes more
quickly than biotic ones. The stress caused by polluted air decreases far more
dynamically than the stress induced for e.g. by the deterioration of forest
growths or soil acidification. Other argument is the unimproved health of
forests in the Ore Mountains even after a rapid decrease of emissions
concentrations.
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ShrnutÌ
V›VOJ ENVIRONMENT¡LNÕHO STRESU V SEVEROZ¡PADNÕ »¡STI »ESKA: NOV…
PÿÕSTUPY A METODY
»l·nek se vÏnuje metodice hodnocenÌ krajiny z pohledu environment·lnÌ geografie. Zab˝v· se teoretick˝m vstupem do problematiky, multikriteri·lnÌ soustavou reprezentativnÌch indik·tor˘, kterÈ odr·ûÌ kvalitu jednotliv˝ch sloûek p¯ÌrodnÌho a soci·lnÌho subsystÈmu. Evnironment·lnÌ stres (environmental stress) p¯edstavuje pr˘nik p˘sobenÌ stresor˘ na
systÈm kulturnÌ krajiny. Lze jej ch·pat jako reflexi negativnÌho antropogennÌho vlivu v ËasoprostorovÈ dimenzi. Samotn˝ proces hodnocenÌ environment·lnÌho stresu vych·zÌ z monitorov·nÌ negativnÌch vliv˘ na p¯ÌrodnÌ subsystÈm krajiny (reliÈf, ovzduöÌ, voda, p˘da, biota) a na hum·nnÌ (soci·lnÌ) subsystÈm krajiny (demografickÈ a ekonomickÈ parametry).
Metodiku lze aplikovat na libovolnÈ ˙zemÌ i v öiröÌch prostorov˝ch a funkËnÌch souvislostech. Oproti jin˝m metodik·m, kterÈ hodnotÌ antropogennÌ tlak na krajinu prost¯ednictvÌm
zastoupenÌ jednotliv˝ch kategoriÌ vyuûitÌ ˙zemÌ, navrhovan˝ postup umoûÚuje zachytit i
hybnÈ sÌly p¯ÌpadnÏ stresory, leûÌcÌ mimo studovanÈ ˙zemÌ, ovöem s v˝razn˝m vlivem na jeho charakter Ëi kvalitu.
Na t¯ech modelov˝ch ˙zemÌch, kterÈ se vyznaËujÌ zË·sti odliön˝m v˝vojem a zejmÈna
r˘zn˝mi geografick˝mi p¯edpoklady, dokumentujeme zmÏny ve vyuûitÌ ˙zemÌ v r˘zn˝ch typech krajin severoz·padnÌ Ë·sti Ëesko-nÏmeckÈho pohraniËÌ od poloviny 20. stoletÌ (obr. 1).
D˘vod˘ pro volbu zmÌnÏnÈ oblasti bylo nÏkolik. Severoz·padnÌ »echy byly v minulosti urËit˝m Ñbarometremì, kter˝ avizoval z·sadnÌ zmÏny ve v˝voji Ëesk˝ch zemÌ a vÏtöinou stanul na Ëele tÏchto zmÏn. Aù uû se jednalo o proces industrializace a urbanizace, kter· zde
probÌhala v tÏsnÈ vazbÏ na sask· mÏsta v polovinÏ 19. stoletÌ, Ëi ot·zky spojenÈ s ekologick˝mi problÈmy. Ekologick˝ stres zesÌlil v 50. letech minulÈho stoletÌ a o 30 let pozdÏji dos·hl jako v jedinÈm ˙zemÌ »eska aû kritick˝ch hodnot. Zasaûeny a poökozeny byly vöechny
p¯ÌrodnÌ sloûky prost¯edÌ. NegativnÌ dopad se projevoval a projevuje i dodnes na zdravÌ a
psychice obyvatelstva.
NegativnÌ p˘sobenÌ ËlovÏka na krajinu, tedy zmÏny v p˘sobenÌ antropogennÌch stresor˘
vyvol·vajÌcÌch ekologick˝ Ëi soci·lnÌ stres v krajinÏ, lze obecnÏ ËasovÏ seskupit do r˘zn˝ch
charakteristick˝ch obdobÌ lidsk˝ch dÏjin. M˘ûeme rozliöit t¯i z·kladnÌ v˝vojovÈ etapy ve v˝voji spoleËnosti: preindustri·lnÌ, industri·lnÌ (ukonËena totalitnÌ f·zÌ) a postindustri·lnÌ.
Ve v˝voji stresu sledujeme mezi totalitnÌm a postindustri·lnÌm obdobÌm kardin·lnÌ zmÏny ve v˝voji environment·lnÌho stresu. ZatÌmco totalitnÌ obdobÌ se vyznaËuje dynamick˝m
n·r˘stem ekologickÈho stresu a s urËit˝m posunem (ÑopoûdÏnÌmì) i stresu soci·lnÌho, v postindustri·lnÌm obdobÌ sledujeme pokles ˙rovnÏ ekologickÈho stresu a opÏt s urËit˝m posunem i stresu soci·lnÌho. Tato skuteËnost spolu s amplitudou zmÏn (ta je u ekologickÈho stresu v porovn·nÌm se soci·lnÌm stresem dvojn·sobn·) nepochybnÏ vypovÌd· o vyööÌ dynamice zmÏn ekologickÈho subsystÈm˘ a o vyööÌ setrvaËnosti v˝vojov˝ch trend˘ subsystÈmu
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soci·lnÌho. Tento fakt, uvaûujeme-li indik·tory vyuûitÈ v r·mci v˝zkumu, kterÈ byly navrûeny autory a zp¯esnÏny mezin·rodnÌ expertnÌ komisÌ, m˘ûe svÏdËit o vyööÌ Ñzranitelnostiì
ekologickÈho subsystÈmu a o vÏtöÌ komplexnosti a v˝vojovÈ sloûitosti subsytÈmu soci·lnÌho.
NepochybnÏ d˘leûitou roli hraje velk· propojenost soci·lnÌch prvk˘ navz·jem, kdy urËitÈ
negativnÌ trendy mohou b˝t negov·ny protich˘dn˝mi tendencemi. Ukazuje se, ûe nap¯. u
ovzduöÌ Ëi vod lze provÈst relativnÏ v kratöÌm ËasovÈm horizontu zmÏnu smÏ¯ujÌcÌ k pozitivnÌmu v˝voji, zatÌmco u soci·lnÌho subsystÈmu lze dos·hnout zmÏn aû v relativnÏ dlouhÈm ËasovÈm horizontu. Jist· diferenciace je i u jednotliv˝ch element˘ ekologickÈho subsystÈmu. Ukazuje se, ûe rovnÏû i abiotickÈ prvky podlÈhajÌ v˝vojov˝m zmÏn·m rychleji neû
biotickÈ. Stres zp˘soben˝ zneËiötÏn˝m ovzduöÌm kles· daleko dynamiËtÏji, neû stres ÑmÏ¯en˝ì nap¯. znehodnocenÌm lesnÌch porost˘ Ëi p˘dy. P¯Ìkladem je öpatn˝ stav les˘ v Kruön˝ch hor·ch i po razantnÌm poklesu imisnÌch koncentracÌ.
Obr. 1 ñ Geografick· poloha BÌlinska, Petrovicka a T¯ebenicka v severoz·padnÌ Ë·sti »eska
Obr. 2 ñ ObecnÈ schÈma p˘sobenÌ stresor˘ a v˝skytu stresu v krajinnÈm systÈmu. V obr·zku shora: hybnÈ sÌly, stresory, p¯ÌrodnÌ subsystÈm (reliÈf a p˘dy, ovzduöÌ, biota, vodstvo), soci·lnÌ subsystÈm (rodinnÈ vztahy, ekonomickÈ rysy, prostorov· mobilita, populaËnÌ zmÏna), krajinn˝ systÈm.
Obr. 3 ñ SchÈma DPSIR ÑHybnÈ sÌly ñ Tlak ñ Stav ñ Impakt ñ Odezvaî. V obr·zku shora:
hybnÈ sÌly (hlavnÌ odvÏtvovÈ trendy, nap¯. v dopravÏ, pr˘myslu, cestovnÌm ruchu
a st·tnÌ spr·vÏ), tlaky/stresory (lidskÈ aktivity p¯Ìmo ovlivÚujÌcÌ systÈm krajiny,
nap¯. zneËiötÏnÌ ovzduöÌ, odpady), stav/stres (zmÏny stresu v krajinÏ, nap¯. p¯ÌrodnÌ a soci·lnÌ stres), impakt (efekty zmÏnÏnÈho prost¯edÌ, nap¯. pokles biodiverziy a
environment·lnÌ kvality), odezva (spoleËnosti k ¯eöenÌ problÈm˘, nap¯. v˝zkum
krajinnÏ ekologickÈho pl·nov·nÌ).
Obr. 4 ñ Pr˘mÏrnÈ roËnÌ koncentrace SO2 and PM10 v modelov˝ch ˙zemÌch (µg.m-3).
Obr. 5 ñ V˝voj ekologickÈho (EcoS), soci·lnÌho (SocS) a environment·lnÌho (EnviS) stresu
v modelov˝ch ˙zemÌch v obdobÌ 1950ñ2005. V legendÏ shora: horsk· perifernÌ krajina, intenzivnÌ zemÏdÏlsk· krajina, tÏûebnÌ krajina.
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