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FLOODS IN THE MORAVA RIVER BASIN IN 1997 AND
THEIR CONSEQUENCES FOR THE SOCIAL SYSTEM "

Antonin VAISHAR, Jan LACINA, Stanislav ONDRACEK et al.

Abstract

The paper brings a basic characteristic of the Morava River basin which takes up a greater portion of
the southern and central Moravia, a depiction of the settlement in the area and its economic utilization,
‘conditions of environment which is impacted by anthropogenic activities, and it further deals with the
extreme floods in the Summer of 1997 and their consequences. The Brno Branch of the Institute of
Geonics, Academy of Sciences of the Czech Republic won a grant project from the Grant Agency of the
Academy of Sciences of the Czech Republic named “Floods, Landscape and People in the Morava River
Basin”. Suggested are principal solutions for the project.

Shrnuti

Povodné v povodi feky Moravy v roce 1997 a jejich disledky pro sociéalni systém

Prispévek ptinasi zékladni charakteristiku povodi feky Moravy, které zabira vétsi cast jizni a stfedni
Moravy. Zachycuje osidleni tohoto Gzemi, jeho ekonomické vyuZiti a stav Zivotniho prostfedi, ovlivneného
antropogepn/’mi aktivitami. Zabvyvé se extrémnimi povodnémi v 1été roku 1997 a jejich nasledky. Brnénska
pobocka Ustavu geoniky AV CR ziskala na léta 1999-2002 grant Grantové agentury AV CR s nézvem
Povodné, krajina a lidé v povodi feky Moravy. Jsou naznacena zékladni vychodiska pro feSeni uvedeného
grantového projektu.

Key words: Morava River Basin, floods 1997, long-term consequences, Czech Republic

The Morava River springs under Kralicky Snéznik

1. Characteristics of the basin

The Czech part of Morava River basin is a natural
spatial unit situated at the crossing point of the Bohe-
mian Highlands, the Carpathians and the Pannonia
Province. The Morava River and the Dyje River, its dex-
tral tributary, are the major watercourses of the Morava
River basin.

The Elbe
Catchment Area

Mt. in an altitude of 1,380 m above sea level, and flows
roughly in the north-south direction across the Mohel-
nice furrow through the Hornomoravsky a Dolno-
moravsky Grabens, and at the joint Czech-Austrian
border it takes the Dyje River, its most important tribu-
tary. The Beéva River which takes waters from the west-
ern part of the Beskydy Mountains is the most impor-
tant sinistral tributary of the Morava River.

The Odra
| Catchment Area

Fig. 1: Morava River Catchment Area within the territory of Czechia

' The paper was elaborated within the grant project of the CR AS Grant Agency Nr. A3086903/1999.
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D The Dyje River has two springs: the Moravska Dyje  Rivers draining the Bohemian-Moravian Highlands, the

River springing in the Brtnicka Highlands in an altitude  Brno Highlands and the northern part of the Dyjsko-
1) of 635 m above sea level, and the Austrian Dyje (Thaya)  Svratecky Graben are its important tributaries.

springing in Lower Austria. The Dyje River flows in the
west-east direction through the Dyjsko-Svratecky and
Dolnomoravsky Grabens. The Svratka and Jihlava

Some water-management figures characterizing
both partial catchment areas of the Morava River basin

area of the river basin km? 10691 13419 24110
of it on the territory of CR km? 9975 11144 21119
average annual discharge mi.s™ 65.0 43.8 108.8
total annual run-off mid m? 2.05 1.38 3.43
minimum annual run-off mid m? 0.86 0.50 1.36
number of water reservoirs, total N 14 20 34
total volume of water reservois mil m® 42.2 526.8 569.0
rate of storage % 2.2 37.9 18.1
e oagy ™| mam o
total BOD, poliution discharged toyr 2410 6510 8920
of it municipal waste water t.yr? 2115 5557 7672
area of put-up irrigation systems ha 2900 30000 32900

Atmospheric precipitation is the basic water re-
source for the whole area. Water reservoirs (man-made
lakes and ponds) have been largely constructed in the
part of the river basin formed by the Dyje River. In the
partial catchment area formed by the Morava River,
the rate of water storage is very low. Groundwater
occurs in limited amounts, and is concentrated in the
floodplains of the Morava, Dyje and Svratka Rivers and
in other watercourses. The whole water demand for
surface water abstraction is covered from water
reservoirs on the one hand and directly from water-
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Svratka River;
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Model areas
1 HanuSovice / Jindfichov

2 Bystfi¢ka / Mikulivka / Rizdka
3 Bochof / Troubky / ViIko$

4 Otrokovice

courses on the other hand. In consideration of the low
rate of water storage and the high rate of abstraction of
water, the water management balance in the Morava
River basin is considerably unfavourable even if, in
comparison to the year 1990, the abstraction of water
dropped by 5.69 m3.s, id. by 46 %. The total amount
of water abstracted in 1995 was 377 mil. m3, of it 310
mil.m® were redischarged, with 279 mil. m® being
polluted.

Water quality in the watercourses of the Morava
River basin is not good. Watercourses are polluted by

'v'v’!

L 3}
%_ Morava River,

Fig. 2: The Czech part of the Morava River Catchment area with the greater settlements.
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discharged wastewater, and in terms of purity, they
predominantly fall into Quality Ranges lil and IV, with
the purity decreasing to Quality Ranges IV and V down-
stream of big towns. Furthermore, also watercourses
with low ageousness, on which major sources of pol-
lution with insufficient water treatment are located, are
polluted to reach Quality Range V. These are: Trkman-
ka, Litava, Prusanka, Rokytka, Valova, Oi8ava and
Hana. In contrast, Quality Range | only occurs in short
sections in spring areas.

The average annual atmospheric precipitation is
about 635 mm, with its maximum on Lysa Hora in the

Beskydy Mountains (1,150 mm) and the minimum in

Breclav District (450 mm). Thus, the area involved may
be ranked among those with average precipitation oc-
currence, with its southern part belonging to subarid
areas. More than 34 % of the area is covered by forest
plantations. In contrast, 53 % of the area is made up
by agricultural land, with 45 % of it being arable land.

The length of watercourses important in terms of
water management is 3,747 km, with the length of
other watercourses being about 30,000 km. The most
important rivers include:

Morava 10690.9 284.0 715 5.60
Dyje 13418.7 200.3 867 8.12
Svratka 3998.8 174.0 440 217
Jinlava 2998.1 184.4 380 0.54
Bedva 1625.7 157.6 670 1.12
Svitava 1145.8 98.0 181 1.05

The largest man-made lakes in the Morava River basin include:

Nové Mlyny Dyje 1978-89 133.90 9.8
Vranov Dyje 1934 122.70 47.0
DaleSice Jihlava 1978 122.20 88.0
Vir | Svratka 1958 53.10 66.2
Brno Svratka 1940 18.40 23.5
Mohelno Jihlava 1977 17.00 38.7
Mostisté Oslava 1960 11.00 32.7
Letovice Kretinka 1976 10.58 28.5

N e eyttt W T Y O U T T U T I W D S A S T T O S T T T T U ST T ST TS S A0 U S e —

In the Morava River basin, there are 2,900 ponds,
with their total volume of water being 90 mil. m*. The
Nesyt pond embracing an area of 294.8 ha and having
a volume of water of 4.33 mil. m® is the largest one.

Significant groundwater resources are to be found
primarily in the quaternary fluvial sediments of the
Morava, Svratka, Jihlava and Bec¢va Rivers and in some
other areas. Their theoretically exploitable capacity is
8.48 m®.s". As a matter of fact, only 5.50 m®.s™! is made
use of.

The Morava River basin has a unique geographical
position since all three main bio-geographical units of
central Europe meet in it. The western Hercynian bio-
geographical sub-province meets here with the eas-
tern Carpathian subprovince of the biogeographical
province of central European broadleaved forests, with
the Panonnian province reaching the southern part of
the river basin. Characterized by a diversified relief and

‘and Crambe tataria, Orlaja gradifiora, Inula oculus-

a diversified geological parent rock, this unique geo-
graphical position results in a diverse mosaic of eco-
systems and a high biodiversity.

Within the range of altitudes of 148 m (the con-
fluence of the Dyje River with the Morava River) up to
1,491 m (the Pradéd Peak in Hruby Jesenik Mts.),
ecosystems of almost all central European altitudinal
vegetation zones are represented: 1. oak, 2.beech/oak
3. oak/beech 4. beech 5. fir/beech 6. spruceffir/beech
and, in the highest altitudes, to some small extent, also
7. spruce and 8.subalpine.

The occurrence some species of submediterra-
nean and pontic-panonnian geoelement on the abso-
fute northern border of the area, such as Fraxinus an-
gustifolia and Leucojum aestivum in floodplain forests,

christti etc. in warmer dry ecotypes, are among the
significant specific features of biodiversity. Also some
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perialpine species, such as Cyclamen purpurascend,
grow on the northern border of this enlargement. Of
the significant animals living in this area, at least the
residual populations of Otis tarda and Burhinus oedic-
nemus must be mentioned, both living in the southern
part of the river basin. Here, also Merops apiaster has
been spreading in recent years. Floodplain forests in
the broad river floodplains are important nesting pla-
ces of rare birds of prey (such as Milvus migrans and
Falco cherrug). Also the sea eagle Haliaeetus albicilla
hibernating here in large numbers tries to nest down in
this area. The ponds and water reservoirs are impor-
tant European winter habitats of birds, particularly of
various species of geese and ducks. In the last years,
the population of the "artificially” released beaver (Cas-
tor fiber) has been spontaneously spreading in the broad
river floodplain of the Morava River. From the point of
view of fauna, the mountainous, more continuously af-
forested parts of the river basin are also remarkable,
among other things for the occurrence of big beasts of
prey - lynx (Lynx lynx), wolf (Canis lupus) and brown
bear (Ursus arctus), which are coming here from the
Slovakian Carpathians. Of the game, the roebuck
(capreolus capreolus) and the wild boar (Sus scrofa)

occur here in large numbers. In the floodplain and”

mountain forests, also the European deer (Cervus elap-
hus) occurs.

In the Morava River basin, the most significant bio-
tops with a high diversity of species and with the oc-

currence of rare and endangered species of flora and’

fauna include primarily floodplain forests and wetlands
in the broad riverine floodplains. Furthermore, lime-
stone rock cliffs and underground karstic phenomena,
valley cuttings in the middle sections of rivers (primari-
ly the rivers Dyje, Jihlava, Svratka and Rokytna) with a
very diversified mosaic of ecosystems, nature-close
meadows with scattered trees in the Bilé Karpaty Mts.
characterized by an exceptionally high biodiversity (pri-
marily of the Orchidaceae family) and forests with a
natural composition of tree species ranging from oak
groves, beechwoods and fir beechwoods to mountain
climax clusters of spruce. Samples of these significant
biotops and ecosystems are preserved in a dense net-
work of specially protected areas. In terms of large pro-
tected areas, one national park (Podyji) and 7 protect-
ed landscape areas (The Jeseniky Mountains - part of
them, The Beskydy Mountains - part of them, The Bilé
Karpaty Mts., The Zd'ar Highlands - part of them, Litov-
elské Pomoravi, The Moravian Karst and Palava) may
be found in the Morava River basin. In addition, the
character of the harmonic cultural landscape is pro-
tected in natural parks so that large protected areas
make up more than 14 % of the area of the river basin.
Within these areas or outside them, 530 locations have
been declared to be small protected areas (national
nature preserves, national nature monuments, nature
preserves and nature monuments), with their total area
covering more than 17,000 ha. Two protected land-
scape areas - The Palava and The Bilé Karpaty Mts. -

have been included in the worldwide network of
biospherical preserves of the UNESCO.

The valley floodplain and the valley of the Morava
River and its tributaries are natural migration routes of
plants and animals. Some of them have been included
- as significant European bio-corridors with the appro-
priate bio-centres of European importance (there are
11 of them in the Morava River basin) - in the Euro-
pean Ecological Network of the UNESCO.

However, the prevailing part of the territory of the
Morava River basin is, to a various degree, subject to
anthropogenic influences and changes. The forests that
would have covered - without man’s interventions -
almost the whole area of the river basin take up only
one third of it at present. The flat parts of the river ba-
sin are almost forest-free, on the contrary, the moun-
tainous parts are almost continuously afforested, with
spruce being the prevailing tree species in higher alti-
tudes and pine prevailing in lower altitudes. Natural
broadleaved forests have been preserved predomi-
nantly in the Carpathian section of the river basin.

Agricultural field landscape prevails in the lowland
sections of the river basin, while meadows and pas-
tures prevail in the mountainous parts of the river ba-
sin. Numerous orchards may be found especially in
the southern half of the river basin, with extensive vine-
yards to be found in the southernmost part of the river
basin.

The main influences and phenomena having nega-
tive impacts on the ecosystems in the Morava River
basin include:

& continuous breaking of land connected with the
liquidation of meadows, pastures and scattered
vegetations of tree species and with an intensive
application of chemical substances,

¢ large-scale drainage of wet agricultural land,

+ large-scale transformation of originally broadleaved
and mixed forests to coniferous monocultures,

& impacts of phytotoxic air pollutants in the moun-
tainous sections of the river basin,

& technical regulations of watercourses,

¢ construction of water reservoirs in the ecologially
most valuable sections of the river basin.

At present, landscape management programmes
focus on reducing negative trends which still continue.
These programmes include; in particular, the revitali-
zation of water-courses, the establishment of spatial
systems of ecological stability, rural landscape revitali-
zation and a new approach to forest management based
on preferring natural aspects of forest management.

The landscape in the Morava River basin has been
exploited by man since prehistoric times. The lowlands,
id. the Dyjskosvratecky, Hornomoravsky and Dolno-
moravsky Grabens, represent, together with the Elbe
River area, the most fertile part of the Czech Republic.
Intensive agriculture exercised in these regions has
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The territory of the Morava River basin has also
numerous attractive places in terms of recreation and
tourist travel. Architectural and historical places of in-
terest, protected areas, cultural and sport events and
"undemanding” hiking are also of importance. Inten-
sive recreation has developed primarily at waterworks,
with the Vranov and Brno water reservoirs and the Nové
Mlyny waterwork being the most important of them.
Recreation at waterworks also serves as complementing
other recreation and tourist travel activities.

The area of the Morava River basin is among those
facing the least serious environmental problems. At the
end of the period of planned economy characterized
by major environmental problems, the vast majority of
Czech areas with strongly degraded environment could
be found on the territories of the basins of the Elbe
and Odra Rivers. In terms of the whole of the Czech
Republic, the only region with strongly degraded envi-
ronment included part of the Brno agglomeration,
namely the so called Posvitavska zone where old in-
dustries and residential neighbourhoods built in the
period of the industrial revolution were concentrated.
Besides air pollution, a high production of waste water
manifested itself negatively, with this production reach-
ing values of 4,000 t of BOD, annually.

The Lower and Middle Morava River Courses com-
prising the area from Hodonin to Kroméfiz and
Olomouc has been also declared an area with djsturbed
environment. In this area, adverse environmental im-
pacts combine with those produced by the pattern of
settlement, industries and intensive farming, the pat-
tern of settlement being characterized by a very high
density of municipalities, with numerous medium-sized

towns being its dominating element.

In contrast, many regions with relatively little dis-
turbed nature environment occur in the Morava River
basin. Many of these regions have large protected
areas (national parks, biospheric preserves and pro-
tected landscape areas). The Morava River basin is
also a region with a relative high level of social control,
the lowest incidence of socially pathological pheno-
mena and a high demographic stability.

390,000

105,000

83,000

52,000

51,000

50,000

40,000

37,000

31,000

31,000

After 1990, the importance of many industrial, agri-
cultural and municipal sources of pollution substantial-
ly decreased since production was reduced and natu-
ral resources started to be managed more economi-
cally. Problems associated with the rapid development
of (individual) car transport got bigger. Not the quantity
but the structure and the hazardous nature of harmful
substances are becoming an issue of common con-
cern as a result of new technologies being applied not
only in industries but also in municipal management
(packaging, washing and cleaning technologies etc.).

The major environmental problems faced by the re-
gion of the Morava River basin include particularly:

& complex impacts of large urban agglomerations, in
particular Brno, Olomouc, Zlin-Otrokovice and, to
some extent, also others, resting in the concentra-
tion of humans, their activities, industrial produc-
tion and transport,

& compleximpacts of large-scale farming operations,
with these impacts manifesting themselves more and
more in the most productive areas; these impacts
include, first of all, unfavourable large-scale land-
scape management, mass application of chemical
substances and the liquidation of significant seg-
ments of greenery,

& rapid development of individual transport, and the
shifting of traffic streams from ecologically more
favourable modes of transport onto roads.

As of 1 January 1996, Czech Republic had a po-
pulation of 10,321,344 and this number decreased to
10,309,137 as of 31 December 1996. The latest data
for villages are available as of 1 January 1996. As of
this date, the territory of the Morava River basin had a
population of 2,778,168 2, which makes up 26.9 per
cent of the total popuiation of the Czech Republic. The
average population density in the Morava River basin
is 131 inhabitants per square kilometre, which corre-
sponds with the national density average.

The following towns with a population of over 20,000
inhabitants in 1996 can be found on the territory of the
Morava River basin:

30,000
29,000
28,000
28,000
27,000
23,000
21,000
20,000
20,000

2 The actual calculation based on the data for villages; in consideration of the fact that the boundaries of villages are not always
identical with those of the river basin we shall continue to use the round data of 2.78 mil.
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Of the 2.78 mil. inhabitants of the Morava River
basin, 1,679,905 mil. of them, that is 60.47 per cent,
lived in urban municipalities ¥ in 1996. From the point
of view of water management, the difference between
central and marginal regions is very important since
the individual regions may differ not only in the stan-
dard of public utilities available in municipalities but
also in the provision of households with articles of long-
term consumption. However, the most significant dif-
ferences may be observed in municipalities with a po-
pulation of 500. Generally, itis stated that it is not effec-
tive to build public water supply systems, public se-
wage disposal systems and classical waste water
treatment plants in municipalities with less than 500
inhabitants.

In 19914, 391,756 citizens of the Morava River
basin lived in municipalities with less than 500 inhabi-
tants (14.3 % of the total population) and 113,858 citi-
zens lived in municipalities with less than 200 inhabi-
tants (4.2 % of the total population). Since then the
number of inhabitants in the smallest villages has been
decreasing, on the other hand, however, some settle-
ments tend to fall into this category. Therefore, the avail-
able figures may be, more or less, accepted as rele-
vant also for the present-day state.

2. Disastrous Floods in the Morava River
Basin in the Summer of 1997

As stated in our journal (Munzar,J. et al., 1997), in
the summer of 1997, the Morava River basin (together
with the Odra River basin and, to some smaller extent,
the Elbe River basin) in the Czech Republic was hit by
extreme floods. During 6 days in early July of 1997,
3.10°m? of precipitation fell on the territory of Moravia
and eastern Bohemia. The Morava River basin (ex-
cluding the Dyje River basin but including the Svratka
River, a tributary to the Morava River) was among the
most severely hit. These intensive rains caused an ex-
treme run-off. As a result of this run-off, the values of
centenary water were substantially exceeded in nu-
merous places. The flood came very quickly especial-
ly in small river basins while Bfeclav came under threat
by the flood wave only eight days after the rains had
setin.

According to the latest official estimations, the
damage totals CZK 62.6 bil. (about US 1.7 bil.), with
538 towns and villages having been affected and 49
people having lost their lives. 2,151 flats have been
completely destroyed, 5,652 flats have become unin-
habitable for a long period of time and 11,000 flats
have been damaged. About 10,000 people have
become homeless. Furthermore, 25 railway bridges,

13 railway stations, 946 km of railways, 51 road bridg-
es and 592 km of roads have been destroyed or se-
verely damaged. About 2,000 km of roads have be-
come non-passable. About 100,000 telephone stations
have been completely destroyed or put out of opera-
tion temporarily. About 100,000 ha of agricultural land
have been flooded, with the crop having been com-
pletely destroyed. 291 pieces of beef, 2,928 pigs, 20
horses, 200,000 pieces of poultry, 31,232 smali do-
mestic animals etc. have perished. Drinking water re-
sources have been damaged or destroyed and waste
water treatment plants flooded. The floods have also
resulted in numerous landslides destroying or damag-
ing other buildings and roads. Many damaged indus-
trial plants have lost their buildings, machinery, output
and raw materials. Many of their employees have lost
their jobs. As a result, the national revenue has been
much lower since fewer taxes have been paid to the
treasury. Losses of psychological nature can hardly
be calculated.

Anthropogenic interventions carried out in the land-
scape in the last centuries, particularly in the last 40
years, have undoubtedly contributed to the course of
the floods and their implications. These interventions
primarily include the following ones: intensification of
farming, some melioration measures, the damaging
of forests resulting in the decline in their water reten-
tion capacity, alignments and regulations of water-
courses, the disrespect for flood control in the con-
structing of buildings and roads and the like. There are
disagreements in terms of the importance of hydraulic
structures, in particular man-made lakes that objec-
tively retained flood waves in many places.

It may be assumed that the 1997 floods are not
likely to reoccur in the near future. Nevertheless, each
further hydraulic structure in the Morava River basin
will have to consider the issues of flood risks.

The summer floods in Moravia and Silesia in 1997
opened a question of the relation between extreme cli-
matic and hydrological situations on one part, and the
landscape on the other. What actually was the share
of contemporary landscape management methods in
the course and consequences of the floods? What was
the significance of big technical works on water cour-
ses? What landscape management measures should
be adopted in the future: should we rather rely on tech-
nical solutions, or should we return to natural proces-
ses, and to what extent this would be realistic at all?
The direct consequences of floods were summarized.
The counts of victims, financial losses, material loss-
es, counts of killed animals, value of destroyed crops
are known. However, what are the effects of floods,
their consequences and following measures on present

3) The statistical definition of the city (town) is not used in the Czech Republic since it has lost its sense. Municipalities that have
acquired the legal status of a city (town) are considered to be cities (towns).
4 In consideration of the fact that for parts of municipalities only data are available that have been collected for the census, some

older data have been used for the purposes of this analysis.
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assessed the flood situation and included sets of
corrective measures for the future. Nature protection
institutions of the Czech Ministry of Environment such
as the Agency for Nature and Landscape Protection,
Headquarters of protected landscape areas and na-
tional parks assessed the manifestation of high preci-
pitations and floods with regard to nature and land-
scape protection. District councils of afflicted areas
made inventories of basic changes to be able to figure
losses in the given district. A number of private com-
panies such as Hydroeko Brno, Fontes Brno took part
in the processing of hydrological consequences after
floods in floodplains, partial floods in Moravia (e.g. the
catchment area of RoZnovska Bec¢va). The assessment
of flood consequences was also contributed to by a
voluntary association Union for the Morava River Brno,
which processed the flood results in the catchments of
Morava and Odra from the viewpoint of claimed losses
and introduced alternative environmental measures to
be used in the case of future floods.

3. The Grant Project "Floods, Landscape
and People in the Morava River
Catchment Area"

We can state that there is a whole lot of partial knowl-
edge about the manifestations of extreme rainfall and
flood in 1997. Yet, the chain of events, their coherence
and links among individual physical and geographical
landscape components (relief, biota) have not been
studied so far. Relations between the landscape phys-
ico-geographical (natural) components and socio-ge-
ographical components (population, settlements, indus-
tries and traffic) which were impacted and disturbed
by the floods and slope movements have not been
studied either.

Unlike the Elbe River catchment area, there are no
documents available up to now, which would make it
possible to compare with floods and their effects be-
fore 1900. And this is exactly from where flood mea-
sures adopted in for example Germany, Switzerland or
Italy are derived: it is always the study of reconstruc-
ted catalogue of historical floods - dated a couple of
centuries back. According to the preliminary orienta-
tion survey, the very first records about floods in the
Morava catchment area originate in the 13th century;
more detailed entries date back to the 16th century.
This means that it should be feasible to attempt at
a documentation of historical floods for a time period
of 400 - 500 years, as it is common today in EU coun-
tries.

The Brno Branch of the Institute of Geonics, Czech
Academy of Sciences solves in the years 1999 -2002
the grant project No. A3086903 Floods, Landscape and
People in the Morava River Catchment Area in the
period of 1999 -2002. The project does not aim at the
study of flood-related technical and water management
problems. It aims at a complex expression of the rela-

tion between the extreme floods and the landscape.
The authors wish to contribute to the knowledge of func-

tions of the present landscape including settlements

and technical works at floods and at the liquidation of
their consequences. Another objective should be our
opinion to possibilities of future landscape manage-
ment with regard to the risk of floods as well as to the
human aspect of the issue. Yet another new aspect
should be flood losses which cannot be expressed in
money, economic or moral terms. The authors would
also like to try to test a hypothesis originating from the
research of other large-scale accidents and disasters
(such as Nuclear Power Station Chernobyl) which
claims the socio-psychological consequences to be in
long-term view much more serious than the immedi-
ate losses.

The authors consider the historical-geographical
aspect to be equally important. In terms of their extent,
the floods of 1997 were apparently the most extensive
floods in the historical times. However, they were not
the only extraordinary floods occurring in this country.
Unlike in the Elbe catchment area, this historical as-
pect has not yet been properly studied and assessed.
What was the manifestation of these events at times
when the landscape transformation has not yet reached
the present stage? This question can only be answered
by the historical geographical research.

From the viewpoint of natural systems, the floods
can primarily be considered hydrological or climatic
phenomena. And there are many exact data on these
aspects. Yet, the authors would like to focus on the
relation of floods to the landscape as a whole, a partial
objective being the processing of physical and geo-
graphical characteristics such as relief and biota in
valleys and floodplains afflicted by the floods as well
as that of slope deformation effects in the physical a
geographical sphere of the landscape. The studies are
going to be made to reveal correlations in the valley
bottom-valley slope system within reliefs and the as-
pects between dynamic effects of flood processes,
relief and biota on new formations. Another goal will be
to find out correlations with the socio-geographical
sphere of the flood-affected landscape on the basis of
physico-geographical characteristics.

Use will be made of the already existing information
from departmental institutions as well as from the dis-
trict and municipal councils on flood consequences in
the area of interest. This will be followed up by the field
research with methods of detailed geomorphological
and biogeographical mapping of delineated model ar-
eas. The model areas will be defined as follows:
Sumperk district (HanuSovice-Jindfichov) on the up-
per reach of Morava River, Vsetin district (Ruzdka,
Mikultivka, Bystficka - destruction of settlement by
slope deformations, Beéva floodplain, links between
new formations of relief and biota), the middle and lower
reach, catchment parts of Bochof, Troubky, Vikos
(Prerov district) and Otrokovice (Zlin district) - studying
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mutual relationships between some physico-geogra-
phical components and the socio-economic sphere.

An entirely unknown sphere are human aspects of
floods and post-flood situation. The authors will not con-
centrate on the direct consequences that have been
expressed numerically (although the figures are being
cast doubts upon today). They would rather focus on
the present situation in regions and seats most affect-
ed by floods. The time offset is very suitable. At the
time immediatelly following after the floods, some sur-
veys were made into a problem. However, the human
aspects seem to be coming to the surface only now
when the issue is not given prior attention any more.
The human aspects in the affected areas and seats
can be classified into several problem groups as
follows:

& The course of bringing new life to the most affected
villages; (does the jeopardy and impact lead to co-
operation or rather to the protection of individual
concerns; what is the role and behaviour of munici-
pality, individual associations, people, what are
stages of this process and the prospects for the
nearest future);

& The renovation of housing resources; (what are the
chances of people without shelter or with heavily
damaged houses, what motivation do they have to
build a new house in the same locality or elsewhere,
what should be done with old people for whom the
building of a new house is not realistic any more,
was the destruction of some parts in the village a
new impuls to find better solutions of housing prob-
lems);

& The renewal of infrastructure, manufacturing facili-
ties and agricultural land resources (what are so-
cial impacts of damaged facilities - unemployment,
availability, loss of earnings, what is the motivation
for the renewal of these facilities, etc.);

References

+ Socio-psychological aspects; (how the conse-
quences of the specific people's behaviour under
stress situations show with the time offset of se-
veral years, how the flood consequences reflect in
the citizen's attitudes, what are socio-pathological
phenomena, what is the weight of social losses in
the whole structure of flood losses);

& The opinion level as related to the future life in lo-
calities under the flood danger; (where the inhabit-
ants can see the causes of serious flood losses, do
they take the government assistance for sufficient,
how do they see their own financial and other par-
ticipation at the liquidation of losses, what meas-
ures would they prefer in order to prevent extreme
consequences of floods in the future, etc.).

The authors do not intend to express in figures the
flood consequences or flood control measures.
Neither they plan to map them in detail in all regions
and seats. They will rather focus the understanding of
mechanisms occurring in the flood-affected areas.
Several model regions or seats are going to be chosen
for the purpose, - usually those ranking with the most
affected in the Morava River catchment area and in
the partial catchment of Be¢va. Research methods will
correspond with the set objectives: field research and
observation, methods of behavioural geography, con-
trolled interview and public inquiry. Results of these
methods will be complemented with the analysis of
"hard" data available (investments, unemployment,
health aspects and the like). The sense of research is
a monitoring of flood consequences in the mentioned
spheres and its evaluation. This is why the authors ex-
pect a multi-fold implementation of the circle: designa-
tion of the issue - field research - evaluation - genera-
lization and designation of new problems. A conside-
rable part of the work is going to be the concise as-
sessment of natural and social aspects of floods and
their manifestations in actual landscape.
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GEOMORPHOLOGICAL ASPECTS OF THE LATE
SAXONIAN EPIPLATFORM OROGENY
OF THE BOHEMIAN MASSIF (PART 2) *

Antonin IVAN _

Geomorfologické aspekty mladosaxonské epiplatformni orogeneze a zdvihu

\ Sumava Mts.
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The position of the Bohemian Basin (grey) and its three parts situated in the Czech Republic (Ivan, 1999)

7. The macroregion of marginal elevations:
Main morphostructural features

7.1 Two types of marginal morphostructural
elevations

The rhomboid of marginal elevations embracing
the Bohemian Basin forms a wall which partly dou-
bles (Hromadka, 1956). The outer side of the wall
mainly opens into the subdued relief; it is only in the
South-West and South-East that the wall is accom-
panied by the narrow Alpine and Carpathian Fore-
deeps. The arrangement of elevations is a conse-
quence of the rejuvenation of faults running along the
maijor tectonic directions, ie. NW-SE (up to WNW-
ESE), which can be seen in the longer and higher

elevations of the Sumava Mts. and Sudeten Mts., and
NE-SW (up to ENE-WSW) which includes the lower
and shorter Krudné hory Mts. and Bohemian-Moravian
elevations. From the morphostructural point of view, how-
ever, a disctinction into the southern, Moldanubian,
Sumava and Bohemian-Moravian elevations which al-
together form the great South Bohemian System
(Hromadka, 1956) - see Table 1 (lvan, 1999 - Part I),
and the northern, Saxothuringian, Krusné hory and Su-
deten elevations would be more appropriate. The base-
ment of the southern elevations is more consolidated
and their topography in which the dome-like features
prevail over the block-faulted features lacks the Upper
Paleozoic and younger platform sediments at higher
altitudes. The less consolidated northern elevations have
a more complex dominating block-faulted topography

» Part 1 see Moravian Geographical Reports No 1/1999.
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with the Carboniferous, Permian and Mesozoic sedi-
ments occurring even in strongly uplifted parts. It is
only the eastern part of the Bohemian-Moravian ele-
vation that is beyond this framework.

The division of morphostructural elevations is in
principle identical with the regional geomorphological
regionalization of the Czech Republic (Czudek, ed.,
1972). The Zabfezska vrchovina (Highland) and the
Mohelnice Furrow (components of the Sudeten Sys-
tem in the quoted regionalization) call for a further dis-
cussion. In our opinion, the ZabfeZska vrchovina (High-
land) is closer to the Bohemian-Moravian elevation (the
Brno subsystem) from the morphostructural point of
view while the Mohelnice Furrow rather belongs to the
Hornomoravsky tival (Graben). The first mentioned unit
with its geological structure (Devonian and Lower Car-
boniferous in the Drahany development) and the block-
faulted topography with circular features is nearer to
the Drahanska vrchovina (Highland). A morphostruc-
tural boundary with the Sudeten elevation is the impor-
tant Busin Fault connecting the Mohelnice and Kraliky
Furrows. The Mohelnice Furrow in the NNW continua-
tion of the Hornomoravsky uval (Graben) appears a
mirror reflection of the Kraliky Furrow in the southern
end of the Ktodzko Basin. This concept suits better the
comprehension of the Hornomoravsky Uval (Graben)
as a double graben, which is further supported by new
geological data indicating that the furrow is filled with
Miocene and Pliocene sediments (Ruzicka, 1989) sug-
gesting a connection with the Carpathian Foredeep.

The topography on the contacts of rhomboid sides
is very complicated with depressions and elevations
on the crossing of weakened zones. Particularly on both
ends of the Sumava Mts. elevation, there are broad
depressions significant as transport routes leading into
the heart of the massif (the LuZnice and Ohfe Rivers ).
Corresponding orographical elevations to alter the di-
rection of important watershed lines are the Novohrad-
ské hory (Mts.) in the SE and the Smr&iny (Mts.) in the
NW. The complicated contact of the Krusné hory (Mts.)
and Sudeten Mts. elevations marks the crossing of the
Ohfe rift and Elbegraben with the Lusitanian faults along
which subsided the Upper Paleozoic and Upper Cre-
taceous deposits (comp. Mattern, 1996), drawn into
the uplift of the Krudné hory (Mts.). The fault crossing
gave rise to the large Zittauer Basin and to the lesser
pronounced orographical knot of the LuZicka pahorka-
tina (Hilly Land).

7.2 Morphostructural features of southern
marginal elevations

The angle of the longer axes of the Sumava and
Bohemian-Moravian elevations is nearly 90° with a
contact point being the orographical knot of the Novo-
hradské hory (Mts.) (partially in the SSW-NNE direc-
tion). The elevations are in contact with the both young
orogenes: the longer one of the Sumava Mts. with the
East Alps, the shorter Bohemian-Moravian elevation with

both the West Carpathians and the East Alps. With the
exception of the eastern part of the Bohemian-Mora-
vian elevation and the NW part of the Sumava eleva-
tion, the two elevations are built of the Moldanubicum,
the oldest, most consolidated and almost cratonized
part of the Bohemian Massif, for which the term of
“weak shield", originally used by Klein (1974) for the
Massif Armorican would be appropriate. The two ele-
vations are characteristic of their absence of the Up-
per Paleozoic and platform sediments and the com-
mon largest Variscan granitoid intrusion of the Bohe-
mian Massif, the Central Moldanubian Pluton with two
horseshoe-shaped branches - the western branch of
the Sumava Mts. elevation in the SE-NW direction, and
the eastern Bohemian-Moravian one in the SSW-NNE
direction in whose axial and at the same time summit
parts the Main European Divide of Danube and Elbe is
situated. The Pluton is mostly unroofed in the southern
parts of the area, on the orographical knot of the Novo-
hradské hory (Mts.) where the two branches join meet.

The south-western and south-eastern margins of the
Bohemian Massif were exposed to orogenic stresses
of the Alps and Carpathians from the Upper Creta-
ceous. The stresses gave rise to flexures and fore-
bulges complicated by cross and strike faults. The
young flexural uplift of the southern edge of the Suma-
va elevation is a probable cause to the isolation of the
South Bohemian Basins from the Alpine Foredeep. In
general, the southern systems are dominated by the
anticlinal uplifts of large radius, complicated by faults.
The north-eastern and north-western siopes of the
Sumava and Bohemian-Moravian elevations facing the
Bohemian Basin, respectively, are low and gentle, be-
ing determined by the young bend deformations of crys-
talline rocks.

7.2.1 The Sumava marginal morphostructural
elevation

The core of the elevation is formed by the Sumava
(Mts.) - in German Béhmerwald - and the Bavarian
Forest (Bayerischer Wald), which are accompanied by
the Novohradské hory (Mts.) - the Weinsberger Wald
in Austria - in the SE, and by the Cesky les and Ober-
falzer Wald in the NW. The Sumava elevation is the
most compact, strongly uplifted and domed part of the
Bohemian Massif. It is one of the less geomorpholo-
gically explored parts of the Bohemian Massif,

In the Sumava Mts. are strongly elevated remnants
of planation surfaces (1200-1400 m) whose very old
origin ( pre-Upper Cretaceous) cannot be excluded. In
the SW, the Sumava Mts. decline towards the Bayer-
ischer Wald with an up to 300 m high fault scarp along
the rejuvenated Bavarian Quartz Lode (Pfahl), which
again falls as a high piedmont with its tectonic scarp
on the Danube Fault (overthrust?) into the Alpine Fore-
deep. It was this position why the Bayerischer Wald
was originally called the "balcony of the Hercynian
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Europe” in the relation to the Alps (Désiré-Marchand
and Klein, 1987).

A young NE tilting of the Sumava Mts. is assumed
along the rejuvenated faults trending NW-SE (the Ba-
varian and Bohemian Quartz Lodes) that could have
been analogical to movements occurring in the final
stages of the Variscan orogeny. The tilt, suggested by
the diminishing of the Blanice Furrow in the SSW di-
rection, contributes to the gradual transition of the
Sumava Mts. into the Bohemian Basin. In the Sumava
elevation we can therefore judge on a repeated tilting
to the NE and a deeper denudation on its SW side.

The faults in the NW-SE and NE-SW directions
predetermined a rectangular drainage pattern in the
Bayerischer Wald, with erosion basins and hydrograph-
ical knots, which disabled any direct consequent drain-
age into the Danube River. In the NE, the Sumava Mts.
slowly and with sporadic fault scarps melt into the pied-
mont. With the exception of the upper Vitava River flow-
ing through the predetermined Vltavice Furrow (reverse
fault?), the Blanice River and the Kfemelna River whose
direction is parallel with the longer axis of the Sumava
Mts., the eastern part of the elevation has a dendritic
drainage pattern, suggesting an uplift of rather the
dome-type.

Interesting are the ring structures on granitoids
(Sedmihofi) and granulites (Blansky les Mts. in the SE
part of the Sumava Mts.). The latter are considered to
come into existence on the basement of a double (40
km thick) crust, and are interpreted as tectonic intru-
sions (Vrana and Stédra, eds., 1997). The ring struc-
tures are influenced by block tectonics and by margins
of the Ceské Budé&jovice Basin, Kaplice Furrow and
Lhenice Graben. Sramek and Mrlina (in Vrana and
Stédra, eds., 1997) mention the geophysically proven
vertical movements of the Prachatice Granulite Massif
to the depth of 8 km.

The NW continuation of the Sumava Mts. is the
Cesky les (1042 m) and the Oberpfilzer Wald, both
partially formed by the Saxothuringicum which is geo-
logically close to the Tepla-Barrandian area with the
Late Variscan granitoid massifs. Denudation of the Late
Variscan Falkenberg granite (age approx. 310 Ma)
whose original thickness was 9 km amounts to about
3 km. The SW edge of the Oberpfalzer Wald is on the
contact with the Mesozoic sediments of the South
German Block dominated by thrust faults of the Fran-
conian Lineament and by the Amberg and Luhe cross
faults. A superdeep KTB borehole (9101 m) in the Sax-
othuringicum revealed heavy intraplate deformations
with block dislocations and with repeating metamor-
phites on the large post-Variscan, probably Mesozoic
overthrusts which at the same time suggest a strong
post-Cretaceous uplift (ca. 3 km, younger than 100 Ma,
Zulauf and Duyster, 1997).

The Upper Cretaceous at the western edge of the
Cham-Furth Senke depression suggests a theoretical

possibility of the transversal connection of the Franco-
nian Cretaceous with the Bohemian Cretaceous Ba-
sin. In the East, the Cesky les Mts. gradually inclines
down to the Cheb-DomaZlice Graben, delineated by
the Bohemian Quartz Lode and the West Bohemian
Ductile Zone along which the Moldanubicum was ra-
pidly uplifted during the Upper Carboniferous (Zulauf,
1994). The Oberpfalzer Wald and Smr¢iny represent
a classical area for the development of piedmont
benchlands in the conception of W. Penck. Neither the
KTB borehole results nor the fission track dating
(Bischoff et al., 1993) did not corroborated the theory
and rejected any attempts at its rehabilitation (Désiré-
Marchand and Klein, 1987). A decisive role in the de-
velopment of the topography was played by block tec-
tonics.

7.2.2 The Bohemian-Moravian marginal elevation

It has a lesser absolute height than the Sumava
marginal elevation, a more complicated geological
structure, a more subdued topography which contrasts
also with other marginal elevations. The lesser height
results in the opening of the whole ring of marginal
elevations to the East. The structural complexity fol-
lows out of the influence of two orogenies, ie. the Vari-
scan orogeny and the Alpine orogeny with the oppo-
site vergencies (Stranik et al., 1993). The Variscan
nappe structure with tectonic windows is confirmed also
by the latest research (Jaros, 1991). The elevation has
the following two subregions: the south-western sub-
region formed by the Moldanubicum and Moravicum,
and the north-eastern subregion of the Brunovistuli-
cum. A boundary between the two subregions is the
Boskovice Furrow with the Diendorf Fault stretching in
the NNE-SSW direction, which is cut through by the
Dulkesteiner Wald on the southern bank of the
Danube River.

7.2.2.1 The subregion of the Bohemian-Moravian
Highland and Waldviertel

The relief combines the influence of the Late Varis-
can faults in the NNE-SSW direction on which the
asymmetrical furrows (Boskovice, Blanice and short
Jihlava Furrow ) came into existence with the disloca-
tions in the NW-SE to WNW-ESE directions that de-
lineate the course of the Danube River in the South
and the southern edge of the Bohemian Cretaceous
Basin between Kolin and Letovice in the North. Due to
the threshold block near Amstetten the subregion is in
a close contact with the East Alps in the South, while
having a much looser relation to the West Carpathians
in the South-East owing to the broad Carpathian
Foredeep.

Fundamental parts of the subregion are the Bohe-
mian-Moravian Highland and the Waldviertel. The di-
minishing Carboniferous and Permian fill of the furrows
towards the SSW (as a consequence of a larger uplift
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concerned it rather belongs to the Brno Highland
(see Chapter 7.1). It is formed by folded, weakly
metamorphed Lower Carboniferous sediments
(slates, greywackes). It is an anticline horst with
pronounced dome features, which separates the Bo-
hemian Cretaceous Basin from the Hornomoravsky
aval (Graben) that -as a part of the Carpathian
Foredeep- reaches far into the Bohemian Massif in
the NW. The N-S axis of the Zabfezska vrchovina
(Highland) is in the continuation of the Drahanska
vrchovina (Highland) axis. With the regard to this
axis, the direction of fold structures in the Bohe-
mian Cretaceous Basin (NNW-SSE) appears ob-
ligue. In the northern summit part (Maletin), there is
a denudation remnant of the Cretaceous sediments,
suggesting a possible connection of the Bohemian
Cretaceous Basin with the eastern foreland of the
Bohemian Massif. Features of the highland inter-
esting from the point of its morphostructure are the
transversal valley gaps in the W-E direction and the
ring structures also suggested by the valley pattern.

7.3 Main morphostructural features
of northern marginal elevations

The Krusné hory (Mts.) and the Sudeten (Mts.) ele-
vations whose axes contain the angle larger than 90°
do not have (with the exception of the eastern termina-
tion of the Sudeten Mts.) any direct contact with the
Alpine-Carpathian orogene. As compared with the
southern elevations, their basement is younger and
their topography more complex and heterogeneous.
The metamorphic Proterozoic and Paleozoic sediments
and granitoid rocks are accompanied with the folded
Variscan molasses, platform Mesozoic deposits and
neovolcanites. The Variscan nappe structure is today
resolved from the viewpoint of plate tectonics. A joint
orographical knot of the northern elevations is the
Luzicka pahorkatina (Hilly Land). Its low altitude prob-
ably relates to the crossing of the Elbe Lineament and
the Ohfe Rift.

7.3.1 The Krusné hory (Mts.) morphostructural
elevation

The elevation is one of geomorphologically well ex-
plored parts of the Bohemian Massif (Kral, 1968). Its
main SW-NE tectonic direction was determined by the
pre-Variscan tectonics characterized by a complicat-
ed dome uplift with the axis of the same direction, ac-
companied by a heavy denudation (according to Skvor,
1983, some 13 km). The prevailing part of the denuda-
tion must have occurred prior to the intrusion of the
Variscan Plutons. The elevation can be characterized
by gradual passes toward the neighbouring units - the
Bohemian Basin in the ESE, a large block known as
the Lower Saxony intraplate tectogene (lllies and Grain-
er, 1976) in the NW, separating the Bohemian Massif
from the Rhenish Massif. The originally large block with

asymmetrical doming disintegrated into the following
three parts due to the Tertiary block-faulting:

a) The NW highest part, formed in the Krudné hory
Mts. and the Smréiny Mts. mainly by crystalline
rocks and by Upper Cretaceous sandstones in the
Dédcinska vrchovina (Highland).

b) The central subsided block with the Ohfe Rift and
with several separate tectonic and/or erosional ba-
sins, partially filled with the Tertiary deposits com-
bined with brown coal and neovolcanic rocks.

c) The SE block, formed by both the crystalline rocks
of the Slavkovsky les (Mts.) and the Tepelska
vrchovina (Highland), and by the neovolcanites of
Doupovské hory (Mts.) and Ceské stfedohofi (Mts.).

7.3.1.1 The north-western block

The Krusné hory (Mts.) - an asymmetrical horst with
the gentle slope up to 40 km long stretching in the NW
direction and with the planation surfaces so far inter-
preted as Piedmonttreppen (see Bidel, 1977) and new-
ly rejected in the Smréiny Mts. (Désiré-Marchand and
Klein, 1987). Important are Carboniferous and Permi-
an deposits and Upper Cretaceous sediments both in
the summit parts and in the Elbegraben (Mattern, 1996).
The most marked form is a young fault scarp of the
Krusné hory (Mts.) facing the Ohfe Rift, studied in the
connexion with the intensive open mining of brown coal
at its foot (e.g. Rybar, 1998). In the Upper Paleozoic
the large Krusné hory Pluton with partial plutons of
Karlovy Vary and Smr€iny intruded (see Vrana and
Stedra, eds., 1997). According to Klominsky and Dudek
(1978), the Krudné hory Plutons represent an example
of shallow bodies intruding in the zone of fracture tec-
tonics. Some examples indicate that the pluton was
covered only by its own ejecta. The youngest part of
the pluton is formed by the Teplice porphyry connec-
ted with the Altenberg caldera. All these features sug-
gest a small depth of the post-Variscan denudation.
A problem of the younger development is the extent of
the Upper Cretaceous marine transgression and its
interconnection across the summit area of the Krudné
hory (Mts.) with the sea in Saxony.

7.3.1.2 The Ohfe Rift

The Ohfe Rift is the most pronounced young linear
morphostructure of the Bohemian Massif on whose rift
origin do not exist unequivocal opinions (see e.g. Misar
et al., 1983). The rift origin was documented mainly by
V. Kopecky (1978). The relatively narrow rift developed
on the system of three parallel faults and is discontin-
ued by the stratovolcano of the Doupovské hory (Mts.)
and by the Ceské stfedohofi (Mts.). The Rift is not
a uniform graben but a series of more or less inde-
pendent basins (Cheb, Sokolov and Most Basins)
interconnected by the Ohfe R. valley. An inseparable
part of the Ohfe rift issue is the SE fault scarp of the
Krudné hory (Mts.). The undulating course of its foot
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Fig.8: The Krkono$e Mts., Pec pod Snézkou. A view from the South into the glacial cirque Obfi dil with
the Studniéna hora Mt. to the left and the SnéZzka Mt.to the right. Postcard from the archives

of B.Balatka

and the very variable cross profile provide evidence of
the origin; however, no listric faults have been yet found
which are characteristic of the rifts (see Summerfield,
1991). The NE volcanic part of the rift has no fault
scarp on the eastern side.

The development of rift structures in the Variscan
Europe in response to the collision of Euroasia and
Africa plates in the foreland of the Alpine orogeny
showed a sporadic volcanic activity as early as in the
Uppermost Cretaceous (e.g. lllies and Greiner, 1978;
Jowett, 1991). Also, the considerable age of the pre-
rift volcanism in the Bohemian Massif suggests its rela-
tively early origin with the radiometric age of some neo-
volcanic rocks being 77 or 65 Ma (Vokurka and Bendl
in Vrana and Stédra, eds., 1997). Of several volcanic
stages in the Bohemian Massif the most important one
was that of the Oligomiocene (37-17 mil. years). The
rift origin is further supported by the crust thinning (al-
though lesser than in other West-European rifts) and
by the evidence of an extensive elevation of the sub-
lithospheric asthenosphere reaching here from the area
of the Rhenish Massif. According to Zeman (1978),
the elevation development could have been accompa-
nied by a regional downsinking of the crust, documen-
ted by the Upper-Cretaceous sediments. The issue of
active or passive rifting is still opened; it seems howe-
ver that the sedimentation in the basins of the Ohfe Rift
was simultaneous with the volcanic activity in the ma-

jority of cases. We assume that the Ohfe Rift most
probably came into existence rather through the pas-
sive rifting at which volcanism in the connexion with
the mantle doming and the thermal uplift played an
important role while the en bloc uplift of the whole ele-
vation most probably occurred later. The development
of rift basins was to the various extent influenced by
cross and strike faults and by the type of sedimenta-
tion. These were the reasons for a rather differentiated
development of the topography in the respective ba-
sins. The underlying rock of the largest Most Basin
contains partially the Carboniferous and Permian de-
posits and partially the Upper Cretaceous sediments
whose continuity with the Bohemian Cretaceous Ba-
sin was discontinued by the development of the Ceské
stfedohofi (Mts.). The sedimentation development of
the Most Basin is characterized by fluvio-limnic cones
with the beginning of the limnic sedimentation in the
basins being dated in the Eocene (42 Ma). A critical
survey of issues of the chronostratigraphical division
of the Tertiary basins in the western Bohemia was made
by Malkovsky (1995). The issue of the development of
the Ohfe River valley in the Most Basin was last dis-
cussed by Tyracek (1995) who mentions a total of 25
accumulation terraces (after Balatka and Sladek,
1976). According to their opinion, the represent the
most comprehensive terrestrial record concerning the
end of the Tertiary and older Quaternary in Central
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Europe. However, regarding the fact that the tectonic
zone is young, immediately called into question is the
general validity of the terrace height scheme in this
area and its significance from the viewpoint of the ge-
neral uplift of the Bohemian Massif. The development
of the Cheb Basin with the most conspicuous block
features, youngest sedimentary filling, volcanism and
seismic activity relates first of all to the reactivation of
the Marianské Lazné Fault (NNW-SSE) on the east-
ern side of the basin. The movements resulted in the
partition of the Ohie River and in the formation of a river
lake. The doming of the southern edge of the Ohfe Rift
is well seen from the asymmetrical position of the di-
vide between the Ohfe and MzZe Rivers, closely to the
SE edge of the basin (Kynzvart saddle, 604 m).

7.3.1.3 The Slavkovsky les (Mts.) and neovolcanic
mountains

The SW part of a very heterogeneous lower wing of
the Krudné hory (Mts.) elevation asymmetric anticline
which borders the Ohfe Rift in the South-West is formed
by the crystalline rocks of the Slavkovsky les (Mts.)
and Tepelska vrchovina (Highland), whilst the NE por-
tion is formed by the neovolcanites of the Doupovské
hory (Mts.) and Ceské stfedohofi (Mts.).

The Slavkovsky les (Mts.) is a mosaic of smaller
blocks uplifted into different levels. The most intensive
faulting occurs in the vicinity of the crossing between
the Ohfe Rift and the Cheb-Domazlice Graben. At some
places the rocks of the Karlovy Vary Pluton show a
typical granite relief with structurally conditioned insel-
bergs at different stages of development (Spi¢ak, 827
m; Chrudim, 838 m) and there are also sporadically
occurring inselbergs on serpentine (U ti kiiztl, 817 m)
and neovolcanites. The line of Podhorni vrch (847 m),
Hirka (817 m) and Uhelny vrch (772 m) probably de-
lineates the Litoméfice Deep Fault. The granite tec-
tonics also shows in the drainage pattern and in the
development of river valleys.

Above the step-like scarp of the Marianskeé Lazné
Fault high up to 300 m, there are the highest blocks of
the Slavkovsky les (Mts.). In the SW, the fault scarp
delineates the markedly asymmetrical Cheb-Domazlice
Graben with a negligible filling of young sediments (in
contrast to the Ohfe Rift). In geomorphological terms
the graben belongs in the Podceskoleska pahorkatina
(Hilty Land) which is a part of the Sumava system. The
floor of the Cheb-Domazlice Graben exhibits a pre-
vailingly subdued, erosion-denudation relief, partly on
younger granites of the Karlovy Vary Pluton (similarly
as the scarp on the Marianské Lazné Faulit). In the
valley of the Lipoltovsky brook, there are forms of gra-
nite weathering near the KynZvart Castle, suggesting
the development towards inselbergs.

The Slavkovsky les (Mts.) inclines very gently (flex-
ure?) towards the Teplicka vrchovina (Highland) which
geologically ranks with the Tepla-Barrandian area.

In the transition area there is a zone of the higher
relief in the approximately SW-NE direction on the rocks
of the Mariadnské Lazné metabasite complex. The Ma-
ridnské Lazné Fault passes into mica schists in the
Tepelska vrchovina (Highland), in which the fault scarp
is lower and spreads into several parallel branches used
by the asymmetrical tributary valleys of the Kosovy
Brook that further on to the SE cross the fault scarp
along an antecedent valley.

In the close NE vicinity of the Slavkovsky les (Mts.),
there is a relatively dissected stratovolcano of the
Doupovské hory (Mts.) (diameter ca. 30 km) that rea-
ches into the left bank of the very narrow Ohfe River
valley in the NW. Separate lava sheets cover the east-
ern slopes of the Krudné hory (Mts.). The Doupovské
hory (Mts.) have a radial drainage pattern dividing the
structural surfaces on the lava flows and nappes due
to erosion. The Doupovské hory (Mts.) stratovolcano
produced 122 km?® of volcanic rocks as compared to
52 km? of these products from the Ceské stredohofi
(Mts.) (Vokurka and Bendl in Vrana and Stédra eds.,
1997). A new piece of knowledge is the occurrence of
neovolcanite table-shaped bodies on the contact of crust
and mantle, which came into existence through the
process of underplatting.

A detailed analysis of Tertiary volcanic activity was
made by Hradecky (in Vrana and Stédra, eds., 1997)
who found out lahars and pyroclastic flows in radial
arrangement as an important component of the strato-
volcano and presumed the repeated explosive Plinian
type eruptions. The denudation remnants of lahars in
radial valleys are the manifestation of relief inversion.
In addition to the main eruption centre with the crater
near Doupov-Nivy, there were other smaller centres
with eruptions of Strombolian and Hawaiian types.

In the NE continuation of the Doupovské hory (Mts.),
there is the considerably larger Ceské stfedohofi (Mts.),
formed by a great number of separate neovolcanic re-
sidual hills of varying petrographical composition and
different stages of denudation, which in terms of mor-
phostructure form a tectono-volcanic horst. The horst
is separated from the Doupovské hory (Mts.) with a
low and flat Zatec Basin (the southern part of the Most
Basin) whose relief is partly on the Upper Cretaceous
sediments. The intensive denudation of volcanic rocks
in the Ceské stfedohofi (Mts.) was facilitated also by
the little resistant Upper Cretaceous and Miocene de-
posits. The geophysical research revealed that the
Doupovské hory (Mts.) developed on the faults of
WSW-ENE direction while the Ceské stfedohofi (Mts.)
on the dislocations of NW-SE direction (Malkovsky et
al., 1985) whose significance for their morphology is
rather secondary, however. The feature most probably
relates to the fault crossing of the Ohfe Rift and the
Elbe lineament. The SW-NE movements which gave
the Ceské stfedohofi (Mts.) their horst character were
also the cause to the rise of the antecedent Elbegraben
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valley (Kalvoda and Balatka, 1995). The valley deep-
ening in the Upper Pliocene and Quaternary is over
170 m.

7.3.2 The Sudeten marginal morphostructural
elevation

The geologically and geomorphologically most com-
plex elevation of the Bohemian Massif consists of three
vaguely separated parts. The higher West Sudeten with
the dominant Krkonode Mts. (and their highest point of
the Bohemian Massif - SnéZka Mt., 1602 m) and the
East Sudeten (Hruby Jesenik Mts. - Pradéd, 1490 m
and Kralicky Snéznik, 1423 m) are interposed with the
disputable lower Central Sudeten (the Orlické hory Mts.
with Destna, 1115 m in the SW and with the Goéry
Sowie Mts. and Wielka Sowa, 1014 m in the NE), origi-
nally representing a transversal Upper Paleozoic and
Cretaceous depression. A common characteristic of
the West and Central Sudeten is their sialic basement,
appurtenance to the Lugicum (metamorphed Lower
Paleozoic sediments, Cadomian and Variscan grani-
toids), and the morphologically conspicuous subsided
Fore-Sudetic block. The basement of the East Sude-
ten is simatic, belonging to the Brunovistulicum (meta-
morphed Upper Paleozoic). The Sudeten structure is
interpreted as a nappe structure. Recent interpreta-
tions follow out of the plate tectonics, oblique collision,
and distinguish several terranes (see e.g. Cymerman
and Piasecki, 1994). An extensional collapse occurred
towards the end of the Variscan orogeny (e.g. Mazur,
1998). The West and Central Sudeten decline to the
South into the Bohemian Basin while the transition to
the Central European Lowlands in the North is facili-
tated by a subsided Fore-Sudetic block. The northern
slopes of the East Sudeten fall directly to the Central
European Lowland (partly on the Opole Cretaceous)
the southern foreland being formed by the block of the
exposed basement of the Brnénska vrchovina (High-
land). The West and Central Sudeten are crossed by
the Elbe-Odra divide and the East Sudeten by the
Danube-Odra divide. A typical feature of the Sudeten
Mts. are numerous intramontane basins. The later de-
velopment is characterized by young volcanism. The
northern parts of the Sudeten were in the Pleistocene
modelled by continental glaciation which reached far
into the South in the Klodzko Basin.

7.3.2.1 The West and Central Sudeten

The morphologically important dislocations are of
the NW-SE to WNW-ESE direction with the Lusatian,
Inner-Sudetic and Marginal Sudetic Fault. A very
marked southern edge of the West Sudeten forms a fault
scarp on the Lusatian overthrust, delineating the anti-
clinal Jestédsko-Kozakovsky hrbet (Ridge) on the con-
tact with the Bohemian Basin. The block uplift on the
northern side of the KrkonoSe Mts. and Jizerské hory
(Mts.) bears upon the main Inner-Sudetic Fault. At the

northern foot of the Krkonose Mts., there is the Jelenia
Gdra Basin with a typical granite relief, deep weather-
ing products and inselbergs (Migon, 1997). The north-
ern foreland also includes the narrow North-Sudetic
Depression in the NW-SE direction where the thick-
ness of the Upper Cretaceous deposits amounts to
1300 m (Milewicz, 1997). A young overthrust was found
in the Orlické hory Mts. (comp. Cymerman, 1990).
During the Upper Cretaceous the area of the Central
Sudeten was flooded by a sea separating the West-
Sudetic and East-Sudetic islands. A great part of the
Central Sudeten is formed by the Carboniferous and
Permian deposits and Mesozoic sediments of the
Inner-Sudetic depression of the NW-SE direction,
ending in a brachysynclinal closure in the NW and by
smaller brachystructures in the SE. The synclinal atti-
tude led to the development of cuestas and relief inver-
sion. The core of the uplift structure is formed by the
crystalline rocks, the syncline wings are of Mesozoic,
Triassic and mainly Cretaceous sediments. In the post-
Cretaceous period a tectonic uplift of both Carbonifer-
ous and Permian, and Cretaceous rocks occurred,
whose height was nearly 1000 m. The Wielki Szce-
liniec (Mt.) built y Cretaceous deposits in the Polish
part in the Géry Stolowe (Mts.) reaches the height of
919 m and the HejSovina (Mt.) in the Czech part has
the height of 828 m. The Permian porphyry of the
Kralovecky Spigak (Mt.) in the Broumovska vrchovina
(Highland) was uplifted into the height of 881 m. The
northern edge of the Central Sudeten is formed by the
block of Sowie Gory (Mts.) with very old rocks close to
the Moldanubicum. The fault scarp situated on the Mar-
ginal Sudetic Fault is the highest in the Sowie Géry
(Mts.) with very young features (Migon, 1993).

An important dislocation is the Hronov-Pofic¢i Thrust
Fault. The southern margin of the Central Sudeten is
formed by the Orlické hory (Mts.) on the southern slopes
of which the Cretaceous sediments reach the height
of up to 600 m, whose removal led to the exhumation
of the pre-Upper Cretaceous planation surface. Another
important structure of this part of the Sudeten Mts. is
the Orlice-Ktodzko Dome, divided by the Ktodzko Ba-
sin filled with the Upper Cretaceous sediments. The
eastern part of the Dome belongs in the East Sudeten.
The denudation of the Cretaceous sediments in the
axial part of the uplift resulted in relief inversion. The
Cretaceous sediments crop out in the southern nar-
row part of Ktodzko Basin, Kraliky Graben. Malkovsky
(1979, Fig. 16) pointed out the resemblance of the ba-
sin with the rift structures (aulacogen?). The basin is
delineated by overthrust faults. The character of the
filling suggests synsedimentary uplift movements
(comp. Jerzykiewicz, 1971). Maximum thicknesses of
the Cretaceous sediments are to be found in the con-
stricted and blind-end southern portion of the basin
(Kraliky Graben). The southern part of the graben is
drained towards the South into the Morava River, the
central part towards the West into the Elbe River, and
the northern part towards the North into the Odra
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River. The Sowie Géry (Mts.) are partitioned from the
unique inselberg of Sleza (718 m) by a depression
filled with sediments whose thickness amounts to 600
m (Grocholski, 1977). The Paczkow graben (Dyjor,
1983) in the foreland of the Rychlebské hory (Mts.) is
of a similar structure. In the Zulovska pahorkatina (Hilly
Land), there is a inselbergs topography on Late Varis-
can granites (lvan, 1983), surprisingly with no traces
of the rock relief having been modelled by the conti-
nental glaciation. Morphologically important are neo-
volcanites both in the Czech Republic and in Poland
(e.g. Cwojdzinski and Jodtowski, 1982) and kaolinic
weathering products (Kuzvart, 1965). The Fore-Sudet-
ic block in the SE ends with the Zulovska pahorkatina
(Hilly Land), and further to the East, there is a flat relief
of the Middle Polish Lowland on the deeper subsided
Paleozoic rocks that is partly covered with the Opole
Cretaceous in the northern foreland of the Zlatohorska
vrchovina (Highland) and the Nizky Jesenik Mts. The
Cretaceous sediments are cut by deep paleovalleys
filled with Miocene sediments and stretch in the SE
direction into the Carpathian Foredeep (Kotanski and
Radwariski, 1977).

In Sudeten, Jahn (1980) and Walczak (1968) drew
up a concept of the mountain uplift proceeding in
stages with three levels of planation surfaces of
different ages.

7.3.2.2 The East Sudeten

The geological and geomorphological boundary
between the Central and East Sudeten Mts. is not

unambiguous and is usually located into the Ktodzko
Basin or into the Ramzova saddle. The boundary in the
Ktodzko Basin ranks with the East Sudeten the eastern
half of the Orlice-Klodzko Dome, i.e. inclusive the
Kralicky SnéZnik (Mt.) and the Rychlebské hory (Mts.).
However, the Klodzko Basin bends into the NW-SE
direction and does not disturb the continuity of the
southern margin of the Sudeten. This means that the
scarp on the Marginal Sudetic Fault continues undis-
turbed to the Rychlebské hory (Mts.). The scarp to-
pography changes only on the crossing with the Ram-
zova thrust (lvan, 1997), and across the Hruby Jesenik
(Mts.) and Nizky Jesenik (Mts.) the dislocation exhi-
bits features of a fault valley or those of a fault-line
valley. The transition character of the area between
the Ktlodzko Basin and the Ramzova Saddle calls for
a further morphostructural research and discussion.
The East Sudeten have a very tight contact with the
West Carpathians on their SE side. The block of Malenik
(479 m), partly covered with a flysh nappes in the Mi-
ocene and partitioned from the Nizky Jesenik Mts. by
a young graben of the Moravska brana (Czudek and
Dvoiék, 1989), is the only part of the Bohemian Massif
integrated into the structure of the West Carpathians.

The East Sudeten have a western and south-west-
ern higher crystalline part and a lower southern and
south-eastern part that mainly consists of the Lower
Carboniferous sediments and its character is rather
that of a piedmont. The East Sudeten begin in the West
with the orographical knot of the Kralicky Snéznik Mts.
(1423 m) on whose SW spur (Klepy Mt., 1119 m) the
watershed divides of Danube-Elbe, Danube-Odra and

Fig.9: The Elbe River canyon in the Upper Cretaceous sandstones of the Dé&inské vrchovina Highland.

Postcard from the archives of B.Balatka
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Elbe-Odra have their contact point. The block struc-
ture of Hruby Jesenik Mts. is well characterized by the
rectangular drainage pattern of the main water cours-
es with marginal tectonic slopes and dome-like fea-
tures. The young tectonic structure is interpreted as
a result of faulting the uniform planation surface
(Demek, 1971). Height differences of planation sur-
face remnants are considerably greater on high blocks
than on lower ones (e.g. in the Nizky Jesenik Mts.).
The size of intramontane basins is lesser than in the
West and Central Sudeten. The denudation reached
the lesser depth and granitoid bodies are only weak
unroofed (Sumperk Pluton) with exception of the Zulova
Pluton.

The topography is characterized by intensive fault-
ing along the young faults of NW-SE direction (trans-
versal to the main SSW-NNE direction of the Variscan
structure) and the older dislocations of the SW-NE di-
rection. With the exception of the Kralicky Snéznik
(1423 m), the high blocks form the Rychlebské hory
Mts. (1125 m), the Hruby Jesenik Mts. (1491 m), and
the Zlatohorska vrchovina Highland (974 m, in Polish
Gory Opawskie). The highest parts are formed by old
crystalline domes, the eastern wing of the Orlice-
Klodzko Dome in the Kralicky Snéznik Mts., and the
Keprnik and Desna Domes in the Hruby Jesenik Mts.
The postulated nappe structure is not unambiguous.
An important feature of the Variscan and younger block
movements was the tectonic inversion which manifests
in great differences of block denudation (Pouba and
Misaf, 1961). The movements of opposite tendencies
occurred also in younger periods and on the Marginal
Sudeten Fault in the Rychlebské hory Mits.(Oberc,
1967). Towards the East and South the crystalline ocks
pass into slightly metamorphic Lower Carboniferous
sediments which form the HanuSovicka vrchovina High-
land (1003 m) and the Nizky Jesenik Mts. (800 m) with
the topography in general gently sloping to the South
and East.

The southwestern piedmont of the Kralicky Snéznik
Mts. and Hruby Jesenik Mts. is broader than the north-
ern piedmont, and gently slopes to the South. Regard-
ing the absence of the Fore-Sudetic block, the Nizky
Jesenik Mts. can partly be considered an eastern and
southern piedmont of the Hruby Jesenik Mts., deve-
loped on the crossing of the Sudeten and Brno eleva-
tions. It partially concentrates the drainage into the
Hornomoravsky uval (Graben) and into the Carpathi-
an Foredeep. The cross faults exhibit unimportant oc-
currences of Pleistocene neovolcanites. The relief is
typical of intensive faulting, especially in the Hanuso-
vicka vrchovina (Highland) with the tendency of deve-
loping blocks into inselbergs.

8. Discussion on the issue of the Bohemian
Massif post-Upper Cretaceous uplift

a) The development of the very heterogeneous Bohe-
mian Basin in the central part of the Bohemian

Massif, which forms a so called "mountain basin"
structure, has been unjustly and neglected issue.
Another problem - the post-Cretaceous uplift of the
marginal elevations has to be resolved both as re-
lated to the orogeny in the East Alps and West
Carpathians (in the Moldanubian elevations), and
in the relation to the development of rift structures
and young volcanism (in the Saxothuringian eleva-
tions). These are multidisciplinal complex issues
whose final solution will call for a cooperation with
other experts, particularly in geophysics.

b) Some aspects of the genesis of the extraordinary
complex Bohemian Basin were mentioned in Chap-
ter 6. It is to be presumed that the development of
this large and unusually situated depression has
a relation to the late Variscan extensional collapse.
The related rock deformations were described from
various parts of the Bohemian Massif (Lobkowitz et
al., 1994; Schulmann et al., 1994; Mazur, 1997;
Zulauf et al., 1997). Most probably due to the col-
lapse, the denudation depth of the Bohemian Basin
was lesser at these places than in the marginal parts
of the massif, which could be evidenced by numer-
ous Carboniferous and Permian basins and by the
preservation of Paleozoic sediments as a roof pen-
dant of the Central Bohemian Pluton. A stable core
of the Bohemian Basin is the Tepla-Barrandian area
in which the Paleozoic sediments represent a record
of numerous transgressions and regressions, show-
ing a tendency to the repeated burial and exhuma-
tion of the relief (manifestation of conservative
isostasy?; Vrana and St&dra, eds., 1997). The young
uplift of the Bohemian Basin within the uplift of the
whole Bohemian Massif suggests a fact that the basin
floor on the contact with the marginal elevations is
apparently higher than the foot of these elevations
on the reverse side. The latest relief development is
characterized by the exhumation of the pre-Creta-
ceous planation surface that most probably induced
a mild isostatic uplift indicated by a occurrence of
river terraces (e.g. Balatka and Sladek, 1962;
Balatka, 1992). The vertical span of the Quaternary
terraces in the Bohemian Basin is 100-120 m. The
issue of terraces in river gaps is discussed in
Kalvoda and Balatka (1995). Nevertheless, the use
of the terraces to assess the uplift must be very
careful (Semmel, 1991). According to Machatschek
(1927), the hydrographical changes in the eastern
part of the Bohemian Basin suggest a relative sink-
ing of the basin floor. The changes in the direction
of the Vitava River in southern Bohemia (Balatka
and Sladek, 1962) most probably relate to the
orogeny in the East Alps.

c) The two types of marginal elevations have different
basements, a different relation to the area of the
Alpine-Carpathian orogeny, and the character of
their uplift is apparently also different. A greater
coherence between the uplift of the Bohemian Mas-
sif and the Alpine-Carpathian orogeny is assumed
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:.gressed on a denudated front of the flysh nappes.
+ The remnants of the buried etchplain on the Variscan
‘consolidated basement are dissected by up to 1500
xm deep paleovalleys filled with the Miocene
-sediments. The existence of the buried etchplain is
» suggested by red beds interpreted as the remnants
+of deep weathering products. Their thickness
+ amounts up to 230 m and they sporadically reach
- down to 600 m below the paleorelief surface (Dopita
< et al., 1997). Of the Sumava marginal elevation a
i~ direct contact with the Alpine foredeep can be seen
1" in the Bayerischer Wald with conspicuous scarps

- on the system of Danube faults. The foredeep gets
narrower towards the East. The greatest sediment
thicknesses are found closely before the front of
the Alps (Lemcke, 1984; Zwiegel, 1998). Between
the northern front of the Alps and the SW edge of
the Bohemian Massif, there is a buried horst eleva-
tion of Landshut-Neudttinger in the Alpine foredeep
(Lemcke, 1984), approximately parallel with the edge
of the Bohemian Massif, from which some 1000 m
. of Mesozoic rocks were denuded. The Alpine
- foredeep is narrowest on the elevation of Amstetten
- - on the right bank of the Danube R.

g) The causes to the Bohemian Massif uplift can be
~ only speculated on so far; it is advisable to search
for them in the upper mantle. Suk (1995) disclosed
that the centres of volcanic activity in the western
part of the Bohemian Massif were moving in the
SW direction in the Upper Proterozoic until the Ter-
tiary. The mantle origin of young volcanites was sug-
gested also by Kopecky (e.g. 1978). According to
Wilson (1997), the main areas of neovolcanic ac-
tivity relate to the basement dome uplifts of wave
length ranging from 200 to 500 km. Seismic tomog-
raphy indicates that finger diapirs in the upper mantle
of the French Massif Central are located in a depth
larger than 300 km. In the Bohemian Massif, it was
mainly the problem of the young uplift of the Krugné
hory (Mts.) that was particularly discussed. Skvor
(1983) explains it by a stage transformation of rocks
and by their reduced density in the upper mantle.
Zeman (1988) presumes under the Krudné hory
(Mts.) an elevation of sublithospheric astenosphere
and phase transformations of migmatites and
metagranites.

h) The block activation of the Bohemian Massif mar-
gins started in the Upper Jurassic. There are evi-
dence in the central parts of the massif of a cross
strait running in the NW-SE direction (see Elias in
Suk et al., 1984). North of Brno, there is a pre-
Cretaceous subsidence of narrow blocks of Jurassic
sediments which are put into connexion with the
Deister phase by Malkovsky (1979). After the re-
gression of the Jurassic sea the subaerial develop-
ment continued and the nearly perfectly planated
pre-Upper Cretaceous surface can be considered
a reference feature of later vertical movements.
During the Jurassic the relief differentiation showed
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in the rise of a shallow marine basin which became
a core of the Bohemian Basin and interconnected
the boreal area in the NW with the Tethys area in
the SE. The interconnection is suggested by the
sediments of Klement Formation in the Paviovské
vrchy (Hills) in southern Moravia, and Teplice and
Bfezno Formations in western Bohemia (Stranik et
al., 1996). The Cretaceous basin was surrounded
with isles which supplied clastic sediments forming
several acial areas, and itis not clear o what extent
they can reflect differences in the composition of
source areas or important paleogeographical
changes. A source of morphologically significant
Cenomanian and Turonian block sandstones were
granitoids of the Sudetic isles. The inner differen-
tial movements within the basin are indicated by the
fact that the subsidence basement movements in
the central part of the basin in the Upper Turonian
superimposed the effects of global regression
(Valecka nad Skocek, 1990). The final regression
in the Santonian meant a return to the subaerial
regime and was probably the very beginning of the
slow epiplatform uplift. Although its life was rela-
tively short, the Upper Cretaceous transgression
(Alb/Cenomanian-Santonian) left at some places
sediments over 1000 in thickness. After the regres-
sion, the Cretaceous cover was permanently ex-
posed to subaerial denudation which was compli-
cated by the Saxonian tectonics (a.o. development
of the Ohre Rift), volcanic activity and later marine
transgression on the massif margins.

The dating of tectonic movements does not have
any reliable basis with the exception of a few works
(e.g. Coubal and Klein, 1992) and is often specula-
tive (Kopecky, 1972). The research and dating of
young structures are easier in the Saxothuringian
than in the Moldanubian elevations. A point of sup-
portis the Lower Badenian transgression in the east-
ern part of the Bohemian Massif, whose sediments
filled the river valleys and buried the ramified valley
pattern. In the western part of the massif in the area
of the Ohfe Rift (Most Basin) and South-Bohemian
Basins, there are the Tertiary limnic sediments rest-
ing on the Cretaceous deposits. The transgression
proceeded from the SE through the river valley and
tectonically rejuvenated depressions and reached
as far as in the eastern Bohemia. The transgres-
sion arrived in the already dissected topography
with the Upper Cretaceous sediments evidently re-
moved from the Boskovice Furrow (Jurkova, 1975).
The sedimentation of marine calcareous clays such
as on the Main European Divide northwards of
Svitavy (550 m) on the Upper Cretaceous sediments
calls into question the absolute height of the sea
level in the Badenian and the vertical extent of the
post-Badenian uplift. The Badenian transgression
occurred simultaneously with important tectonic
events in the West Carpathians, particularly with
the overthrusting of flysh nappes.
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i) Aclassical method to determine the extent and cha-
racter of tectonic uplift is the analysis of planation
surfaces. In the case of the Bohemian Massif, the
long-term research led to the formulation of two con-
cepts of which the first one accepts the existence
of an originally uniform planation surface (of
peneplain type), faulted and uplifted to different alti-
tudes (e.g. Demek et al., 1965), and the other one
adopts the existence of the planation surfaces of
stepped topography as a consequence of the uplift
occurring in stages (Jahn, 1980 and works based
on ideas of W. Penck). An extreme example of the
first concept are works by A. Kopecky (1972, 1986,
1989) that issue from the existence of a uniform
Meso-cenozoic planation surface of the peneplain
type, developed near the main erosion base which
was close to the present one in terms of its height.
The uplift is understood as a (ductile) folding of the
basement subaerial surface where the valleys of
even the lowest orders are synclines and the ridges
are anticlines. The faults are attributed only a mini-
mum significance by this author ( critique see Ivan,
1990).

A basis for the contemporary interpretation of the
Bohemian Massif planation surfaces is the etchplana-
tion in which surfaces identified as etchplains repre-
sent a strongly denudated basal surface of weathering
(Czudek and Demek, 1971; Ivan, 1983; Kral, 1985).
This approach was generally criticized by Thomas
(1994) and it seems that his newer classification con-
tains better suited terms for this type of surfaces such
as etchsurface or dominantly stripped etchplains.
In some cases, exhumed etchplain escarpments would
also be a fitting term.

A better contribution to the research of age of the
Bohemian Massif planation surfaces can be the fis-
sion track method that brought surprising results in the
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n the last number of the Moravian Geographical Reports (1/1999), the captions under photographs made by

ﬁ“ 3alatka to the article by A. IVAN: Geomorphological aspects of late Saxonian epiplatform orogeny of the

Wﬁemian Massif (Part 1) were accidentally confused both in the text of the article and on Page 3 of the cover.

he correct readings are as follows: Page 26 Fig. 4 "The Western Krkono$e Mountains ...", Page 30 Fig. 5

¥Sandstone towers in the rock city of Hruba skala ...", Cover page 3 upper photograph "The NE part of the

rtiary Sokolov Basin ...", Cover page 3 lower photograph "The southern part of the Cesky les Forest ...". The
mistake was made at assembling the pictures in the printing house.

We apologize both to our readers and to the author of the article and the author of the photographs.

Editors
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BORDER REGION AND ITS DEVELOPMENT
FROM THE SUSTAINABILITY PERSPECTIVE
(CASE OF LOWER MORAVA RIVER REGION, SLOVAKIA)

Mikulas HUBA, Viadimir IRA

Abstract

The Lower Morava River region (West Slovakia) is the border region which was affected by social, economic
and political changes in the period after World War Il. Some of these changes contributed to the partial
marginalisation of the region. The changes after 1989 are a challenge to overcome this state. It is important to
find a sustainable way-out from the long-term marginalisation and a certain deformation of the region's develop-
ment. Reflections about the future development in the Lower Morava river region, a territory with the important
natural-landscape and cultural landscape values, are included in the analysis of the sustainable development
potential evaluated on the basis of subjective estimates by its population and local/regional decision and opinion
makers.

Shrnuti

Pohraniéni region a jeho rozvoj z perspektivy trvalé udrZitelnosti (pfipadova studie regionu Dolni
Pomoravi, Slovensko)

Dolni Pomoravi (zapadni Slovensko) patfi k hraniénim regiontm, které byly ovilivnény socialnimi, ekonomickymi
a politickymi zménami po druhé svétové vélce. Nékteré z téchto zmén pfispély k marginalizaci regionu. Zmény
po roce 1989 pfedstavuji vyzvu k pfekonani tohoto stavu. Jde o to, najit trvale udrZitelnou cestu optimainich
vychodisek z dlouholeté umélé marginalizace a urcité deformace ve vyvoji regionu. Uvahy o dal$im rozvoji
regionu Dolniho Pomoravi, izemi s dileZitymi pfirodné krajinnymi a kulturné krajinnymi hodnotami, jsou obsaZeny
v analyze potencialu udrzitelného rozvoje, vychazejiciho ze subjektivnich hodnoceni obyvatel regionu a téz ze
subjektivnich hodnoceni pfedstavitelti rozhodovaci sféry mistni a regionélni, resp. osobnosti silné oviiviiujicich
verejné minéni.

Key words: sustainable development, border region, subjective estimates, Slovakia

1. Introduction 1.2. The state of the art - Sustainability issue

) . research according to the Slovak literature
1.1 Sustainable development of the region . ] i
Despite the short history of sustainable development

investigations, dozens of articles, studies, projects and
even several monographs have been published on the

The notion of sustainable development is understood
(in consensus with the general Environmental Act) as

a development, which allows only such a kind of satis-
faction of the contemporary needs and demands, which
does not compromise the satisfaction of basic needs
of future generations, disturbs life-supporting systems
or reduces biodiversity. In other words, it means
a search for equilibrium among the environmental, so-
cial and economic dimensions of the development,
which would work in cooperation, as opposed to com-
petition, with each other. For example, the energy
saving measurements are environment friendly since
they reduce the use of raw materials, create new jobs,
are cost-effective for business, and at the same time
help to reduce taxes.

sustainability issues and their implementation in Slova-
kia. The most comprehensive and extensive works are
Towards Sustainable Slovakia produced by Society for
Sustainable Living in the SR (Huba, M., Hanusin, J.,
Ira, V., Lacika, J., Szdllés, J. 1995), SCOPE Slovak
National Committee Report on Sustainability in Slova-
kia (Elias, P., 1zakovicova, Z., eds., 1995), Possibili-
ties of Sustainable Development of the SE Part of the
Levo€a Mts. in Relationship to its Water Management
Utilisation (STUZ/SR, 1996), Post-November Slovakia
from the Environmental and Sustainable Living Per-
spectives (Huba, M., ed., 1996), Landscape-Ecologi-
cal Pre-conditions for Sustainable Development (Izak-
oviova, Z., Miklés, L., Drdos, J., 1997) and The
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inable Development Implementation (IzakoviGova,
ozova, M., PaudiSova, E., eds., 1998). A positive
this field has been played by the Global Envi-
nental Facility Programme for Slovakia, concen-
ing on the formulation of the sustainable develop-
gnt strategy for selected border regions with the both
uhigue natural and cultural heritage values (Sustaina-
ble Development Strategy for Eastern Carpathians,
Lower Morava River and Tatras Regions - see Huba,
M, Ira, V., 1998 a, b, ¢).

1.3 Sustainable development principles

Several different approaches exist to the definition,
explanation and implementation of the sustainable
development. On the other hand, these approaches
i have a prevailingly common character based on anal-
. ogous sets of sustainability principles. We based our
. handling of the sustainable development concept in this

study on the following principles (compiled by M. Huba,

1996): ecological principle, principle of self-regulating

and seif-supporting development, efficiency principle,
- adequate sufficiency principle, principle of precaution/
= prevention, principle of respecting needs, demands and
. rights of future generations, principle of intra-genera-
tional, intergenerational and global equity, principle of
cultural and social integrity, principle of non-violence,
emancipation and participation principle, solidarity prin-

ciple, principle of acceptable mistakes, optimisation -

principle, and the principle of environmentally positive
economic decision-making behaviour.

HUNGARY
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~w:Fig. 1: Lower Morava River Region - geographical context

2. Geographical characteristics of the
Lower Morava River region and its
development

The Lower Morava River region (Dolné Pomora-
vie) has been continuously settled since the Neolithic
period (5-3 thousand years B.C.). From the 5th to the
8th century, this area was settled by Slavic tribes af-
fecting the environment mostly by the agricultural ac-
tivity. Until the 13th century, the population density in-
creased mostly along the Morava River and the so-
called Czech route. In the 17th and 18th centuries, new
estates (manors) were established by landlords of the
Palffy family.

Industrialisation in the 19th century did not signifi-
cantly affect the economy within the region and thus,
at the end of the 19th and the beginning of the 20th
century, a part of the population emigrated to the USA,
Canada, France and Austria. The region studied pre-
served its agricultural character. Industry at that time
was represented by sawmills, distilleries, sugar refin-
eries, mills and brick-kilns in which the local resources
were processed. The new political situation after World
War | (new political boundaries) caused a strengthen-
ing of south - north interactions (Bratislava and north-
ern hinterlands), but did not initiate an interruption of
transboundary contacts with Lower Austria.

In the period after World War 11, the rapid develop-
ment of industry (namely in Malacky and Stupava)
caused an increase of population. Collectivisation of
agriculture caused a wide range of changes in the land-
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scape. Some of these changes contributed to a wors-
ening of the situation, especially in the natural environ-
ment. After the political changes in 1948, the trans-
boundary interactions between the Slovak and Austri-
an parts were interrupted.

The region studied with the exception of three mu-
nicipal parts is a hinterland of Bratislava and there are
no large urban centres. Machinery and production of
construction materials have a dominant position within
the region’s economy. Electromechanical industry ori-
ented to the production of cables and insulators, food
industry, and oil extraction also play an important eco-
nomic role. Favourable climatic conditions for agricul-
tural production are limited by sand soils of lower qual-
ity. Apart from vegetable production supplying the city,
wheat, barley, rye, and potatoes are widely grown there.
The suitable climate, attractive landscape with man-
made lakes and cultural and historical sites (Stupava,
Malacky, Velké Levare) create good conditions for tour-
ism. The transportation system is a sufficient basis for
intra-national and intra-regional connections and for
connections with the Czech Republic. A relatively long
border with Austria has only one railway passage in
Devinska Nova Ves and one occasional road passage
in Moravsky Svéaty Jan. This situation does not enable
sufficient transboundary contacts and it seems to limit
the further transboundary co-operation. The geograph-
ical position, qualified labour, raw material basis, and
well functioning transportation system (with the excep-
tion of the connection with Austria) are good starting
points for transformation and orientation towards the
sustainable development of the region.

The Lower Morava River region is a territory with
the important natural-landscape and cultural landscape
values. The Morava River alluvium belongs to the most
significant wetland ecosystems of Slovakia and thus
this territory is on the List of Ramsar localities. The
natural values have been well preserved for more than
four decades because the inundation area, as a pro-
tected belt of the "iron curtain”, was not accessible to
the public (1948-1990). This unfavourable political sit-
uation paradoxically helped to preserve the biological
values of the area (Kalivodova, E., Racko, J.,
Rézickova, H., 1999).

The region studied (684 km?) extends into three
municipal parts of Bratislava (Devin, Devinska Nova
Ves and Zahorska Bystrica), the town of Stupava, the
villages of Zohor, Lab, Vysoka pri Morave, Zahorska
Ves, Suchohrad, Jakubov, Plavecky Stvrtok, the town
of Malacky, the villages of Kostoliste, Gajary, Malé Le-
vare, Velké Levare, Zavod, Moravsky Svaty Jan, Sekule,
Borsky Svaty Jur, Kuty, and Brodské. It borders Aus-
tria in the west and the Czech Republic in the north
(Fig. 2). The population density is 115 inhabitants per
km2, but in most communities it does not reach the
national average (110 inhabitants per km?).

The analysis of the development of population in
the post World War Il period (1950-1997) shows that

the most significant growth exists in urban territories
(Devinska Nova Ves, Malacky, Stupava). Slight growth
(index of population growth is up to 1.5) was recorded
in the settlements along the railway and main road.
The population of the settlements along the Morava
river decreased by more than a half.

In most communities, the average age is between
34 - 38 years. The most favourable relations between
the population from 0-14 years of age and those who
are in the post-productive age are in Devinska Nova
Ves (5:1) and in Malacky (2:1).

The population of the Lower Morava River region is
relatively homogenous concerning ethnicity and reli-
gion. The share of Slovaks in the whole population
varies between 93.6 and 99.0%. Roman Catholics are
a dominant religious group.

The percentage of economically active people in
the region is relatively high. A relatively high percent-
age of the economically active population daily leave
their communities for jobs mostly in Bratislava. Social
and demographic preconditions for the further devel-
opment vary according to the situation of several indi-
cators by particular communities. Figure 2 shows cer-
tain demographic preconditions for the development
based on three selected demographic indicators.

The social and economic changes after 1989 cre-
ated a new phenomenon - unemployment. On March,
31, 1997, the unemployment rate in the district of Bra-
tislava IV was relatively low (3.4 %), while in the district
of Malacky, it reached 9.8 %, and in the district of Seni-
ca 11.1 %. The rate of unemployment did not reach
the national average in the above mentioned districts.
In the first three months of 1997, the average monthly
salary in the district of Bratislava IV was 10,124 SKK
(22 % higher than the national average), in the district
of Malacky 7,794 SKK (93.9 % of the Slovak average)
and in the district of Senica 7,358 SKK.

3. Subjective Estimates of Potential
for Sustainable Development

3.1 Subjective estimates by local population

Reflections about the sustainable development in
territories with important natural-landscape and cultur-
al landscape values led us to analyse the sustainable
development potential on the basis of subjective esti-
mates by its population. We have chosen the method
of questionnaire as it reliably supplies the information
for a desegregated analysis. The data collection was
done in the summer of 1996. The basic set consisted
of the inhabitants of the Lower Morava River region.
The respondents were people older than 15. The se-
lected set was gathered by a quota selection with ran-
domisation at the final step. Aside from the basic struc-
tural characteristics (sex, age), territorial proportional-
ity (rate of population in a single community) was in-
cluded into the control variables. The questions were
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Fig.2: Selected demographic preconditions for sus
tainable development

share of population under 15 from the population of
pensionable age and over - (0-14/PA+)

share of economically active population from the total
population - (EAP/TP)

share of economically active labour commuters from
the economically active population - (LCEAP/EAP)

1 - (0-14/PA+) > 1, (EAP/TP) > 0.5,
(LCEAP/EAP) > 0.5
2 - (0-14/PA+) > 1 , (EAP/TP).> 0.5,

(LCEAP/EAP) < 0.5

3 - (0-14/PA+) < 1,
(LCEAP/EAP) < 0.5

(EAP/TP) > 0.5,

(EAP/TP) < 0.5,
(LCEAP/EAP) > 0.5
5 - (0-14/PA+) > 1,
(LCEAP/EAP) < 0.5
6 - (0-14/PA+) < 1,
(LCEAP/EAP) > 0.5
7 - (0-14/PA+) < 1,
(LCEAP/EAP) < 0.5

(EAP/TP) < 0.5,
(EAP/TP) < 0.5,

(EAP/TP) < 0.5,

Devin

focused on the perception of environmental problems
in the particular community, evaluation of the percep-
tions evoked by the community's environment, estima-
tion of the social infrastructure accessibility and quality
and relations among the community's inhabitants.

A portion of the questions were oriented to evaluating
the willingness of inhabitants to contribute to the sus-
tainable development of their community. The conclud-
ing part of the questionnaire concentrated on the eval-
uation of the opinion about the programme of econom-
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ically, socially and environmentally balanced (i.e. sus-
tainable) development of the community.

In spite of the fact that in the area studied, the nat-
ural and man made environment is not strongly affect-
ed by human activities, the environmental quality is not
considered good. The respondents estimate the dam-
aged forest growth (60.5 %), surface water pollution
and impaired or neglected housing (50.7 %) as the most
pressing environmental problems. According to the
opinion of the representative sample of the local popu-
lation, the priority of the local government should be to
correct the inadequately approached problems of waste
management, surface and ground water pollution. The
inhabitants themselves (76.6 %) and transportation were
tagged as the most important sources/agents of envi-
ronmental deterioration.

In the light of the opinion of more than one third of
the respondents, the care for environment has improved
during recent years.

Transportation is one of the most important compo-
nents affecting the life quality of the inhabitants. The
analysis of transportation modes shows a relatively good
structure from the sustainability point of view.

Estimates of willingness to participate in the improve-
ment of environmental quality and sustainable develop-

ment activities has been summarised as follows (Fig.
3) : more than one half of the respondents were willing
to walk or bike instead of driving a car
(64.9 %), to separate the household waste (58.7 %),
participate in events that help to improve the state of
the environment, to conserve energy (51.5 %), water
(51.5 %), and the alert the responsible authority in case
of threats to the environment (50.4 %).

In order to collect the information for a programme
of economically, socio-culturally and environmentally
balanced (i.e. sustainable) development (Fig. 4), the
respondents were required to express their opinion. A
majority of them (more than four fifths) said that the
programme should contain activities aimed at preser-
vation of the natural values. More than two thirds would
support programmes devoted to job creation, improve-
ment and creation of new service facilities, environ-
ment friendly use of water resources, and more effi-
cient use of energy and raw materials.

3.2 Subjective estimates by local/regional
decision and opinion makers

Interviews consisting of 100 questions were com-
pleted in May, 1996 - November, 1997 with represent-

%

Fig. 3: Willingness to contribute to the sustainable development

HW - separation of household waste, SW - saving drinking water, FH - environment friendly heating, TI -
thermal insulation of house, ES - energy savings, FS - environment friendly shopping, VW - participate in
voluntary works to improve environment, WA - warn the competent environmental authority, HT - pay
higher tax to protect environment, GO - become a member of green organisation, UP - using unleaded
petrol, PT - using mainly public transport, WB - walking and biking
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?éﬁ?dnal personalities with a good overview of the lo-
cal/regional issues.

The aim was to receive information on the contem-
porary state and perspective of the development of
_ individual towns and villages in the region, as well as
on the region as a whole, as related to the potential
g[pjementation and/or applicability of the sustainable

evelopment concept, perceived by the relevant deci-
sion and opinion makers.

#-More important than collecting the so-called "hard"
- statistical data was gathering reality the perception from
- respondents, their attitudes, comments, proposals, etc.
The main motive was to find out advantages, priorities
- and challenges, and the main barriers influencing the
implementation of the sustainable development concept,
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R - more efficient utilisation of energy and raw materials, WR - safeguarding water resources, FM -
invironment-friendly forest management, SQ - safeguarding soil quality and retention,

m‘@E- improving quality of social environment, NV - safeguarding natural values, CH - safeguarding

bltural and historical sites, RH - safeguarding and renewal of housing, EF - improving and building-up
“w ew education facilities, SF - improving and building-up new shopping facilities, PS - improving and
“S%hiilding-up new public services, LF - improving and building-up leisure facilities, PT - improving public

and also the potential level of its acceptance in the
communities.

One portion of the interview was dedicated to prob-
lems, which can limit the implementation of the sus-
tainable development concept. In the Lower Morava
River region, the mostimportant of these reflected prob-
lems were of an economic character (lack of subsi-
dies, inadequate sharing fees). These economic is-
sues have the highest average coefficient among all
categories of problems.

The second most important category consisted of
the problems of environmental character (waste man-
agement, public drainage and water purification).

Social issues are perceived by interviewed repre-
sentatives as less important. The most important
among them include the lack of jobs and the disturbed
social behaviour of the population.
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The activities compatible with the sustainable de-
velopment concept that are being realised most com-
monly and to the largest extent are as follows: substi-
tution of solid fuels with more environment friendly ones,
assistance to socially and physically handicapped peo-
ple, revitalisation of self-help and self-supply, and
greening of public areas.

Activities with thesmallest extent and intensity of
realisation were: elimination of transit transportation,
utilisation of renewables, energy saving and energy
efficiency improvement, and utilisation of traditional
knowledge and skills of local people.

4. Conclusions - Outlines of sustainable
development perspectives

On the basis of the analysis characterising the so-
cial, economic and environmental situations within the
region, and on the analysis of subjective estimates by
the local population and the local/regional decision and
opinion makers from the region studied, we can define
several preconditions for the future sustainable devel-
opment in the region.

The first strategic precondition for the sustainable
development oriented decision making in the Lower
Morava River region is to understand the region as an
important territory of Slovakia from both natural and
cultural values perspectives. The importance of the
region is proven by the existence of the protected are-
as (Landscape protected area Zahorie and several
Nature Reserves), historical monuments, and the pres-
ervation of traditions, traditional skills like handcrafts
and folklore. Another precondition is to stop the proc-
ess of depopulation, especially in smaller villages along
the Morava River, and to implement measures leading
to the improvement of the demographic structure of
rural seats. A special attention should be paid to the
problems (living conditions) of the Romany population.
Improvement of the situation within the region would
be connected with the creation of sustainable jobs,
improvement of both social and technical infrastruc-
ture, and the enlargement of cultural, social and sport-
ing possibilities. An important precondition is to improve
school facilities and the whole educational system with
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AGRICULTURAL LAND USE - CLASSIFICATION
IN THE LOVER MUR VALLEY (AUSTRIA) - AN
INTERPRETATION BY MEANS OF A MULTITEMPORAL
ANALYSIS OF SAR-DATA.

Walter ZSILINCSAR

Abstract

The paper discusses the application of ERS-radar data to agricultural land use classification in the lower Mur-
valley (Styria/Austria) by means of different classification-algorithms (object-based classifications, maximum-
likelihood and threshold based classification). The advatages of (radar) satellite images as compared with tradi-
tional earthbound monitoring are mainly a large-scale information potential, automated data processing,
multitemporal survey and the independence from the weather situation during the survey. The greatest disad-
vantages besides relatively high costs are a still coarse spatial resolution (12.5 - 13.0 m max.), the high the
amount of mixed pixels in the case of small-scale field patterns and, besides others, the distorted reproduction
of the actual morphological (landscape) structures.

Shrnuti

Klasifikace zemédélského vyuZiti zemé v dolni ¢asti udoli Feky Mur (Rakousko) na zakladé
multitemporalni klasifikace radarovych dat (SAR)

V pfispévku jsou diskutovany moznosti aplikace radarovych dat (SAR) pofizenych satelitem ERS-1 pro
klasifikaci zemédélského vyuZiti zemé v doini &asti udoli Feky Mur (Styrsko, Rakousko). Byly pouZity rozdilné
metody klasifikace (objektové zaloZené klasifikace, metoda maximalni pravdépodobnosti ,maximum likelihood”
a postklasifikaCni aprava ,thresholding”). V porovnani s tradi€nim pozemnim vyzkumem krajiny maji satelitni
radarové snimky radu vyhod, nebot poskytuji velkoprostorové informace, jsou vhodné pro automatizované
zpracovani, umoZzriuji pozorovani v Easovych radach a jejich ziskani je nezavislé na atmosferickych podminkach

v prabéhu pozorovani.

Nejvétsi nevyhodou, kromé relativné vysoké ceny radarovych snimkd, je stale malé prostorové rozliseni
(max. 12.5 - 13.0 m), obsahuji téz velké mnoZstvi pixelt, které nelze spolehlivé klasifikovat v pfipadé, Ze objekty
fsou prilis malé a kromé jiného se jedna i o zkresleni skuteénych morfologickych (krajinnych) struktur.

Key-words: data-collection, multitemporal survey, object-based-classification, maximum likelihood-classifi-

cation, geometric resolution

1. Introduction

Regional prosperity and sustainability do not only
depend on material prerequisites such as physical-
geographic conditions, economic and social founda-
tions, infrastructural advantages or disadvantages, but
also on the political situation, culture, minds and edu-
cation of the population. A highly sophisticated docu-
mentation of regional development and change is the
basis not only for analysing the reasons and back-
grounds for the past but also for the future evolution.

To reach this goal until recently a comparative study
of historical documents (maps, photographs, books,
statistics, etc.) seemed inevitable. The rapid develop-
ment of remote sensing, however, and the remarkable
improvement of data accuracy, data processing, and
data interpretation provided regional planners and ge-
ographers with an interesting new tool for monitoring
changes of land use and landscape structure.

At the Department of Applied Geography of the Uni-
versity of Graz/Austria the application of satellite im-
agery to regional land use and planning studies is put
increasing attention to. One such investigation shall be
presented here very briefly (Ziegler, 1997).

2. Classification Methodology

For reasons of strategic planning normally ground-
truth is desired. The traditional data collection meth-
odology (earth-borne and air-borne) is time consum-
ing and costly especially in the case of a permanent or
repeated survey. Therefore several attempts have been
made to find means that would be easier to handle
and cheaper in the long run. Space-borne imagery
might be the answer to this problem as far as the ground
resolution can be improved so that the data processed
meet the requirements and average standards of plan-
ning boards and decision-makers. It has also to be
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noted that not always the data accuracy of 100 % seems
necessary depending on the various goals of the local
or regional analysis.

After the comparative evaluation of various land use
classification methods by means of ERS- and SAR-
data from literature it turned out quite clearly that an
average classification accuracy of around 80 % as it
can be achieved from the optical data can hardly be
reached from SAR-data. Mangolini and Arino (1996)
executed a multitemporal classification of a test-site in
the USA using 20 ERS- scenes achieving an accuracy
of 70 %, in combination with Landsat-TM-data an ac-
curacy of even 79 % depending on a special consider-
ation of soil conditions, soil humidity, date of exposure
and filtering of the speckle-effect.

In 1993, Kellndorfer, Schadt and Mauser tested
various methods of multitemporal classification on a
small-structured test-site in Freiburg (Germany) on
behalf of their reliability. By means of the maximum-
likelihood-classification method the achieved accura-
cies for forested areas reached 70 %, for water fea-
tures 67 %, for wasteland 53 %, for grain growing are-
as 32 % and for buildings 21 % only. On the second
step by using a "majority filter" they could significantly
improve most of the results. The classification accura-
cy for the water features and forests reached 100 %,
that for the buildings 74 % for the wasteland 52 % and

Fig. 1: The situation in the area under study

for the grain growing areas 26 %. An additional forest
mask raised the classification accuracies for the build-
ings to 75 % and those for the grain growing areas and
wastelands to 53 % each.

Weydahls (1993) classification achieved an accu-
racy of 86 % for the cropland also using the maximum-
likelihood-method, coming close to the results of an
object-based classification of Ziegler (1997) for the
same purpose.

3. Land use Classification in the Lower Mur
Valley

The reliable land use classification according to
maximume-likelihood of the attachment of each single
pixel to a specific object class makes the preparation
of at least thirty test-sites for each class necessary
(Albertz, 1991). This presupposition could hardly be
achieved in this investigation due to the poor data base
for test-sites in the investigation area (cf. Fig. 1), the
land use classification of 1995 hardly to be controlled
and a small-scale structure of the cultural landscape
which, after puffering, significantly reduced the number
of the reliable test-sites.

In the first attempt towards the classification all
mapped land use classes were being chosen as train-

Graz and Leibnitz Basin
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ing areas. The actual situation of land sub-division as
a consequence of the traditional heritage system in this
part of Styria (giving each successor an equal share
on the land property of the undivided estate) led to rel-
atively small sizes of the single plots of cropland. In
many cases their width does not even reach 10 me-
ters. Considering the ground resolution of 12.5 m with
radar data means that ground truth of land use could
hardly be achieved. Therefore a reduction of cropland
classes to 3 classes of arable land (1. root and oil crops
including truck crops and strawberries, 2. cereals and
3. corn) and only one for green space (meadows, pas-
tures, clover, etc.) was inevitable.

3.1. Object-based Classification and Threshold-
based Classification

The classification followed the MLC ++ classifica-
tion method using a c4.5-inducer with an "automatic
parimeter" option. The evaluation of accuracy was im-
plemented by means of a cross-validation. This meth-
od is based on data from training areas which enable
the investigator to set up a classification rule which is
proved by validation data. For a cross-validation the
classifier himself selects data from training areas and
validation during seven steps.

Seven classes of each training and validation data
were chosen as follows:

1. root and oil crops (e.g. sugar-beet, soya, potato,
pumpkin) ~

2. cereals (mainly wheat and rye)

3. unproductive areas

4. corn

5. greens (meadows and green fallows, house-gar-
dens)

6. virgin forest
7, mixed forest

Seven channels were used for the test-sites (ne-
glecting the September data) during the first step. The
accuracy which could be achieved with the cross-vali-
dation reached 55.5 % (confidence range +/- 3.8 %).

During the following steps, the class structure was
changed. Some of the test-areas for soya, wheat, corn
and wasteland had to be eliminated from the data base
because of mixed-pixel structures, transformation or
classification mistakes. Furthermore the classes of
various types of cropland were put together in order to
achieve a higher accuracy and the aspect of multitem-
poral surveying was added.

it could be shown that the selection of adequate
surveying dates and the combination of as many data
as possible provided the best results. Special atten-
tion was paid to the development of the vegetation cover
since the various growth periods of different plants,
especially when cultivated in succession, can be ac-
curately monitored only through a time series of sur-
veying data.

The final integration of cereals, corn, root and oil
crops together with truck crops and strawberries into
one single class "cropland” yielded the best classifica-
tion results (using thresholds). Tab. 1 shows the re-
sults of the object-based classification reconsidering
the medians of the training-area and validation data.

Tab. 1: Results of the object-based classification of the training areas in the lower Mur-valley

(classification accuracies)

Class Cassification
Accuracy (in %)

Root and oil crops (incl. truck

0,
crops and strawberries) 70.6 %

Cereals

Wasteland

Corn

Greens

Virgin forest 100.0 %
Mixed forest 88.9 %

Source: M.Ziegler, 1997, p. 60

Misinterpreted Areas (in %)

corn (23.4 %), virgin forest (5.9 %)

root and oil crops (incl. truck crops and
strawberries), virgin forest, greens (8.3 % each)

root and oil crops (incl. truck crops and
strawberries), corn, virgin forest (33.3 % each)

cereals (11.1 %), root and oil crops incl. truck
crops and strawberries (5.6 %)

virgin (young)-forest (25 %)

root and oil crops incl. truck crops and
strawberries (11.1 %)
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By means of an object-based classification consid-
ering the median-data of the training areas and valida-
tion the negative variation-effect can be eliminated.
When recalculating the data to all pixels (via the thresh-
old-classification), however, the advantage of the ob-
ject-based classification gets lost. On the other hand
the areas without the GIS-implementation can be inte-
grated into the classification system. Another difficulty
results from a relatively small number of adequate train-
ing and validation areas due to the small-scale field
pattern of the investigation area.

All in all, the classification results of the medians
used have reached the satisfactory accuracy rates
between 70.5 and 100 % although the confidence rang-
es of classification results turned out quite high
(+/- 10 %). This made a comparison with the results of
a maximume-likelihood classification unrealistic.

3.2. Maximum-Likelihood Classification

The differentiation of land use classes according to
Tab. 1 by means of ERS-data and their application to
the maximum-likelihood-classification turned out im-
possible. Neither even an approximative field pattern
could be achieved nor did the distribution and struc-
ture of land use classes prove realistic.

Only the water areas, virgin and mixed forests could
roughly be classified due to their grey levels clearly
different from those of cultivated land and the green
spaces. The frequency of mixed-pixels along the lim-
its of adjacent fields of various land uses additonally
worsens the classification results.

The first comparison with traditional terrestrial mon-
itoring procedures showed that namely those single
plots cultivated with the root and oil crops, truck crops
and strawberries hardly ever contained pixels classi-
fied as "corn" or "cereals" but could be identified quite
clearly as belonging to the "root and oil crop” class.
Therefore, three classes of the cropland were distin-
guished: (1) root and oil crops (incl. truck crops and
strawberries), (2) cereals, (3) corn, and one class of
the grassland (green).

In the second step, additional classes were added:
spaces for transportation, virgin forests, mixed forests,
water spaces, wasteland (bare soil), densely built-up
areas and loosely built-up areas. During this classifi-
cation step the puffered training areas could be used.
The classification results turned out quite reliable apart
from some difficulties with the classes of "corn”, "wa-
ter spaces", "densely" and "loosely built-up areas".
Especially "corn" was over-classified despite the fact,
that it is by far the most frequent crop in the investiga-
tion area. Standing waters could be easier identified
than the running ones (e.g. the Mur River). The prob-
lem of monitoring the built-up areas will not be dis-

cussed further in this context (cf. Sulzer and Zsilinc-
sar, 1993; 1996). The highest accuracy rates by max-
imum-likelihood classification could be achieved in the
following classes: water-surfaces (89 %), wasteland
(85 %), corn fields (82 %), spaces for transportation
(67 %), green spaces (66 %), virgin forests-(65 %) and
cereals (65 %). The classification results of mixed for-
ests (47 %), root and oil crops (42 %), densely built-up
areas (30 %) and loosely built-up areas (10 %), on the
other hand, proved unsatisfactory. '

Main reasons for the misinterpretation and classifi-
cation inaccuracy can be listed as follows:

& wrong geo-coding

¢ inadequate choice of filters to eliminate speckle
effects

& wrong choice of image combinations as to
multitemporal surveying data

& toofew surveying data

& inadequate choice and number of representative
test-sites (min. 60 per class)

¢ inadequate puffering between the monitored test-
sites to avoid mixed pixels

& insufficient possibilities to use the control data

4. Discussion of Classification Results

The comparison of the classification results based
on ERS-data (maximum-likelihood classification) with
a Landsat-TM scene brought the following results *:

& Water bodies could be equally well detected with
both methods due to the special type of reflexion
from water surfaces

& Separate forested areas within the investigation area
proved good classification results, the Landsat-TM
classification being slightly better than ERS. Never-
theless, both procedures showed too big areas as
compared with reality. Gallery forests along rivers
could be very well classified.

& Green spaces and grassland supplied equally good
results with both data bases.

The most significant difference between the ERS-
and Landsat-TM based classification could be seen
with settlements. Whereas Landsat-TM made at least
a rough detection of built-up areas possible the re-
sults from ERS classification were completely unsat-
isfactory. Tab. 2 shows the differences in accuracy
between the maximum-likelihood and object-based
(median related) classifications in the lower Mur valley
(cf. also Fig. 2).

Y Tt has to be noted that there is a time difference between the ERS-data (1995) and the Landsat-TM-data (1996) which did not

allow a comparison concerning the cropland
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Tab. 2: Differences in accuracy between the maximum-likelihood (M-L-C) and object-based (O-B-C)

classification in %

Class

Spaces for transportation

Root and oil crops (incl. truck crops, strawberries)

Cereals

Greens

Corn

Virgin (young) forest
Mixed forest

Running water
Standing water
Wasteland

Densely built-up areas
Loosely built-up areas

Source: M.Ziegler, 1997, p.101

4.1. Possible Fields of Application, Advantages
and Disadvantages of Radar-Based
Multitemporal Land Use Mapping.

The possible fields of application of ERS 1 and
ERS 2 radar satellite images for monitoring agricultur-
al land use changes are still limited as far as the maxi-
mum ground truth is required according to their geo-
metric resolution of 12.5t0 13 m.

Offering a repetition rate of 35 days for surveying,
the ERS-data can give a remarkable support to vari-
ous levels of regional and local planning, landscape
restructuring, agricultural monitoring, hydrological plan-
ning, forestry, etc. One has to be aware of the limita-
tions, however, inherent in the radar data analysis. With
the investigation presented the most significant disad-
vantages were as follows:

¢ no detailed monitoring of all crops cultivated in the
investigation area possible (problem of ground reso-
lution), best resuits from scenes of May till October,
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M-L-C 0-B-C (medians)
67.3 -
420 70.6
64.9 75.0
65.8 75.0
37.8-82.0 83.3
65.1 100.0
47.3 88.9
61.6 -
65.3 -
85.3 0.0
29.5 -
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¢ differentiation of forest-, cropland- and greenland
classes in hilly terrain makes difficulties due to
radar-specific effects (layover, foreshootening,
shadowing)

¢ distorted reproduction of actual surface structure
demands a special adaptation of the interpretor’s
eye

& sufficient time-related resolution necessary (data
from the whole vegetation period if possible in
monthly intervals required).

Despite these and a few more deficiencies of the
present radar images, this type of surveying material
offers new possibilities for permanent monitoring of
agricultural landscape changes. Since a better SAR-
resolution can be expected in the future, the range of
applications of the radar-based satellite data to physi-
cal and landscape planning will be markedly improved.
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REGIONAL CONCERNS OF ENVIRONMENTAL POLICY
AND SUSTAINABLE DEVELOPMENT

Istvan FODOR

Abstract

The deepening ecological crisis and the environment deterioration are typical at the end of the 20th century.
The philosophy of sustainable development describes the consequences of the interrelationship between the
socio-economic and physical environments and the directions of change. The actual integration of these rela-
tions, however, has not been implemented yet. In the presented paper the author attempts to outline a particular
method to adjust requirements of the sustainable development to the regional development. The underlying
research is still going on in the Centre for Regional Studies of the Hungarian Academy of Sciences and at the
Department of Environmental Geography of Janus Pannonius University.

Shrnuti

Vztah regionalni environmentalni politiky a udrZitelny rozvoj

Prohlubujici se ekologické krize a zhorSovani Zivotniho prostredi jsou pro konec 20.stoleti typické. Filozofie
udrzZitelného rozvoje popisuje dasledky vzajemnych vztaht mezi socio-ekonomickym a pfirodnim prostfedim,
jakoz i trendy zmén. Skutecna integrace téchto vztahl vSak nebyla dosud realizovana. V tomto pfispévku se
autor pokousi nacrtnout diléi metodu odhadu poZadavki na udrZitelny rozvoj v regionalnim kontextu. Takto
zamérfeny vyzkum je pfedmétem soucasné spoluprace Centra pro regionalni studia Madarské akademie véd

a katedry environmentalni geografie Univerzity J.Pannonia v Péczi.

Key words: sustainable development, regional aspects, Hungary

Introduction

Regions have played a crucial role in the spatial
control of sociol economic processes in the second
half of the 20th century, especially at the turn of the
millennium. The Fifth Action Plan of the European
Union very definitely outlines the regional concerns and
tasks of the environmental policy in countries with de-
veloped economies, as well as in Eastern-Central Eu-
ropean and developing countries (Progress Report
1995). The document is unique and especially signifi-
cant, since it deals with the problems of environmental
policy in the context of sustainable development con-
sidering the strict criteria of shared responsibility and
subsidiarity. Consequently, the regional concerns of the
environmental policy are much different in the coun-
tries with developed economies, in East-Central Eu-
rope and in developing countries (Action: Step Towards
a Local Agenda; Environmental Protection, 1996; Our
Common Future, 1987).

In this respect, the position of the East-Central Eu-
ropean countries is special. On the one hand, the ma-
jor focus of the regional policy in these countries is to
minimise negative effects triggered by the economic
transition (such as unemployment, increasing differ-
ence in incomes, dissimilarities in living conditions).
On the other hand, the regional policy is also to tackle
obstacles to innovative economic activities. Associat-
ed EU countries among them Hungary face much more
significant regional differences as far as the directly or
indirectly related burdening of the environment and

health damages caused by environment pollution are
concerned (Our Common Future, 1987; Pomazi, 1988).
Therefore, it is important to assess the regional con-
sequences of structural transition in the period of prep-
aration. Estimation, analysis and assessment of the
changes in the burdening of the environment in certain
regions and the impacts of new environmental con-
flicts must get a special emphasis. In order to best solve
these problems we need to know how the strict criteria
of an environmental index system could be integrated
into the regional development (Kerekes and Szlavik,
1996; World Development Report, 1992). Our research
within the Hungarian context aims to seek an answer
to these questions, too .

Creation of the environmental index system
of sustainable development

The creation of the environmental index system of
sustainable development entails the following steps:

1. establishment of interventions (gathering informa-
tion, selecting methods);

2. formulation of index systems;

3. survey of the measurable and comprehensible indi-
ces and features;

4. evaluation of the condition and use of the environ-
ment.
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1. The establishment of the interventions starts with
the gathering of information, knowledge. We have to
define what we want to achieve, why, how, at what price.
This activity involves a statement of the objective and
strategy, definition of the task, tools, and method, con-
sideration of the limits, effects, risks, advantages and
disadvantages etc. Having gathered the adequate ba-
sic data and information, the second step is the crea-
tion of a planning system and methods: the setting up
of rules, procedures and models. Finally, the forecast-
ing and controlling methods are worked out, including
potential changes, expected effects etc.

2. The second main step is a creation of an index
system which consists of the following:

+ what we want to measure? Which are those ele-
ments and qualitative characteristics of the system
which are the target of our measurements?

¢+ how can we measure? It means the selection of
indicators and indices. The characteristics of dif-
ferent types have to be harmonised, and the meas-
urements of the elements have to be compared with
the measurements of whole systems.

+ what can we use it for? What is the aim of the
survey? Can we use the results in regulation, op-
erative measures, interventions or comparisons?

3. The next important step is the listing of measura-
ble and appreciable indices and features. If we look
back at the topics of the surveys, in connection with
the issue of openness and closedness, we have to
emphasise the concepts of the materials and energies,
and the mobility, the commuting of the population. As
regards the strain on and pollution of the environment,
the quality and condition of the elements of the envi-
ronment can be taken as an index on the one hand,
the volume of the emissions, the land use and the pro-
portions within that, on the other. Looking at the use of
hazardous materials, activities hazardous for the envi-
ronment, both the quantitative and the qualitative fea-
tures are dominant indices, also, the risk factors have
to be taken into consideration. With respect to the is-
sue of environmental awareness, the extent of depend-
ence and the index of that have to defined, both in eco-
nomic and social aspects. In addition, the principles of
the environmental policy, which promote the realisa-
tion of the conditions set as an objective, and finally
the existence, quality and efficiency of the environmen-
tal administration are elements that can be listed among
the indices. Also in connection with the environmental
awareness, we can examine the number of those fam-
ilies that changed their lifestyle in order to pay more
attention to the environment, or the number of busi-
nesses that switched to producing environment friend-
ly products (both at the level of production and distri-
bution).

4. The 4" main point is the evaluation and compar-
ison of the condition and use of the environment. After
having collected the information and defined the de-
sired condition, we can survey the former condition,

strain, pollution etc. of the environment and compare it
to the condition that is defined as desirable. This in-
cludes a survey of 4 categories: first we have to exam-
ine the quality and state of the environment. what is
the actual and the desirable condition? Looking at the
burden-bearing capacity. what are the characteristics
of the potential and of possible, tolerable strains? As
regards the emission of pollutants and the method of
the use of the environment, again we have to compare
the volume of the actual and desirable emission and
use. Finally, we have to examine whether there are
threats and risks concerning the environment within
the given examined system.

: * actual
quality, condition @ | —===-m--

* required

* potential
burden-bearing capacity | --------
* free

* actual
emission and use | ==ememm-

* required

yes
threats and risks | ===eme=-

Fig. 1: The assessment of the condition and
use of the environment

Looking at the state of the environment, with the
use of the sustainable development index system -i.e.
a development leading to the desired condition -, we
can define a method for the environment-based activ-
ities and investments. As regards the state of the envi-
ronment, the desired and defined activities can be as
follows:

+ preservation and maintenance of the natural
systems;

+ decrease of the environmental pollution;

+ elimination, closing down of activities damaging
the environment;

+ introduction of economic and social developments,

new, environment friendly means of use not harm-
ful to the natural environment and civilisation.
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Index numbers of ecological sustainability

A basic idea of the sustainable development is eco-
logical sustainability. The preservation of the systems
supporting life and the mainenance of bio-diversity are
basic principles of the sustainable development. For
the protection and preservation of bio-diversity, we can
define index numbers in the following fields:

1. prevention of pollution;
2. rehabilitation and maintenance of eco-systems;

3. creation of a comprehensive system of protected
areas;

4. protection of the species and the genetic assets.

1. Prevention of pollutions

+ annual emission of sulphur-dioxide, methane, CFC-s,
nitrogen-oxides: total, per capita and per GDP unit

+ quality of the rivers; solved oxygen concentration,
nitrate concentration

+ sewage treatment: percentage of the population
served by (primary, secondary and tertiary) sew-
age treatment plants

+ industrial accidents: their number, number of deaths,
per GDP unit

2. Rehabilitation and maintenance of the
eco-systems

+ how many per cent of the examined region is natu-
ral, transformed, cultivated, built-up or deteriorated

+ as a continuation of the above-said: the percentage
of forested areas, including natural, transformed and
planted forests

+ proportion of natural and transformed eco-systems

and vegetation types e.g. in breakdown by areas
larger than 10 000 hectares

3. Creation of a comprehensive system
of protected areas

+ proportion of nature protection areas in each eco-
logical region

4. Protection of the species and the genetic
assets

+ number of species, percentage of those on the brink
of extinction, percentage of the species with a sta-
ble or growing population and the proportion of those
species whose population is decreasing

+ number of endemic species, within that the propor-
tion of those jeopardised by extinction, and the per-
centage of those living in protected areas

*

the proportion of endangered species ones which
have viable populations in the ex situ conditions

+ index of domesticated species (number of versions
and species in the regions, for all domesticated plants
and animals, in percentages of the figures recorded
10 or 50 years ago)

+ uniformity index of the grown plants and domestic
animals (relationship of the plant versions and the
animal species)

+ percentage share of the ancient (traditional) ver-
sions in the ex situ collections

+ index of the gene bank situation (percentage of the
collections renewed in the last 15 years)

Use of the renewable / non-renewable
resources

The objective in connection with the resources is
the sustainable use of the renewable resources and
the minimum use of the non-renewable resources.
A detailed analysis of this issue reveals the below cor-
relations.

1. Significance of the income producing sector
(total value) and employment
The definition of the total value of contribution by
the sector provides a basis for the calculation of the
changes in the resources and ecological infrastructure
of the sector.

2. The situation of the resources of the sector

The resources of the sector are natural assets
which are directly used by the sector : trees in the case
of the wood processing industry, or water power, crude
oil, natural gas, coal and wood in the case of the ener-
gy sector.

3. The situation of the ecological infrastructure
of the sector
The ecological infrastructure of a sector means the
ecological processes sustaining the sector, and the
biological diversity: e.g. soil, water, genetic diversity of
the vegetation or domestic animals in the case of agri-
culture.

In the case of the sectors based on the living re-
sources (wood processing industry, fisheries and aqua-
culture, other harvesting sectors, agriculture and horti-
culture, tourism and recreation, and a few energy pro-
ducing sectors), the following parameters have to be
measured: hydrological cycle (quality, quantity and sta-
bility, reliability of water assets), soil structure and fer-
tility, air quality ; also, surveys are needed in connec-
tion with the climate, the eco-system necessary for the
long-term production, the diversity of the species and
within the species.

In the case of the sectors based on the non-living
resources (most of the mining and energy sector), qual-
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ity, quantity and stability of water assets need to be
measured, air quality and climatic changes.

4. The compatibility and conflicts of the sector

with the sustainability of other sectors

Items 2 and 3 indicate what can be called the inter-
nal sustainability of the sector. The external sustaina-
bility has to be measured, too: its effects on other sec-
tors, business life apart from the polluting sectors, hu-
man health and infrastructure, also, the integrity of the
ecosystem or bio-system of the Earth.

5. The main socio-economic factors influencing
the sustainability of a sector
There are several factors which promote or block
the sustainability of a sector. The most important of
these are as follows;

+ The share of the benefits compared to the given
part of the resources. One way to achieve
sustainability is to increase the benefits deriving from
the same amount of the resources. Vice versa: the
decrease of the benefits deriving from the same
amount of the resources is the sign of non-
sustainability. There are two benefits that can be
examined: the increase in the number of jobs and
the increase of total (company, personal, munici-
pal, regional) revenues. The indices contain the
trends of earnings and production, number of jobs
and their proportion within the income production,
and the changes of the values compared to the unit
of the resource.

¢ The volume of the contributions by the users of
the resources fo the total costs of the measures
taken by the society. The indices here involve the
development and protection contributions paid by
the industry, government and others (including fu-
ture generations), the net value of taxes paid by the
sector and subsidies, i.e. the total taxes minus the
total subsidies.

+ The actual participation of communities and inter-
ested groups in the decisions most directly con-
cerning them. Do the communities depending on
the given sector have a real influence on how the
protection and development activities of the sector
are planned and managed?

References

+ The following of a trend in the decision-making
which tries to foresee and prevent the problems.
To what extent are the correlations and conflicts with
the other sectors and interest taken into considera-
tion?

Keeping the ecosystem within the limits
of burden-bearing capacities

In ecology, the supporting capacity of a given ter-
ritory is the population which the territory is able to
support without being damaged. Theoretically we can
raise a question of how many people are provided fa-
vourable conditions of living by the supporting capaci-
ty of the Earth and how long the ecosystems can be
kept within their limits of tolerance? The theory of sus-
tainable development fits into the ideas of the tradition-
al thinking of economics, no change of paradigm is
needed. The sustainable development does not require
a restriction of our needs, it only stimulates us to try to
satisfy them by using less materials and energy (which
might entail the decreased consumption) and to mini-
mise the polluting effects of the producing activities.

The following indicators can demonstrate the effi-
ciency of the actions aiming at the decrease of con-
sumption and stabilisation of the population:

+ per capita use of food, water, wood and minerals;

+ use of energy per capita and per GDP unit; l

¢ communal waste produced per capita and per GDP
unit;

+ industrial waste produced per capita and per GDP
unit; .

+ radioactive waste produced per capita, GDP unit
and energy unit;

+ population trends;
+ rate of population increase;
+ population density.
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THE PAST AND FUTURE OF GEOGRAPHY
IN THE JAGIELLONIAN UNIVERSITY

IN CRACOW
(THE 150* ANNIVERSARY OF THE FIRST GEOGRAPHY

CHAIR IN POLAND)
Barbara OBREBSKA-STARKLOWA

On 23-24 April 1999, in the Institute of Geography of the Jagiellonian University (JU) in
Cracow was held the "Polish Geography Congress" to co-memorise the 150th anniversary
of the first Geography Chair in the territory of Poland. Initiating the jubilee, the JU Institute of
Geography organised a methodological session "Polish Geography at the turn of the third
millennium” in Zakopane in November 1998. The session was devoted to the state-of-the-
art and to the past of the Polish Geography, possibilities of its development, and relations to
other branches of science and to practical application of geography results. These Poland-
wide scientific meetings were given a special importance as they are a part of the 600th
anniversary of restoration of Cracow Academy jubilee to be celebrated in 2000 and that is
under patronage of the Parliament of the Polish Republic. On the occasion of the jubilee the
staff of the Institute of Geography published four volumes of "Geography at the Jagiellonian
University in 1849-1999". This paper draws upon the above volumes.

Lectures in geography in the Cracow University were given for the first time some 500
years ago. During the Enlightenment in the 18th century, the time of a great reform of the
University, these lectures were taught as "cosmography" and played a complementary role
to the subjects of history, physics and statistics. The foundation of a meteorological station in
the astronomical observatory of the University owing to Prof. Sniadecki's efforts in 1792 was
a weighty event in the research programmes improvement during the reform. The establish-
ment of the Geography Chair in 1849 took place during the partitioning of Poland, i.e. during
the period unfavourable for the Polish science development. Yet, it was an outcome of nu-
merous circumstances that contributed to the realisation of the Chair concept. The idea of
the Geography Chair came from Prof. Wincenty Pol, a poet and enthusiastic examiner of the
nature and man in the motherland. Prof. Pol was given backing from the Philosophy Depart-
ment of the Jagiellonian University. Prof. Pol deserves a credit for introducing changes in
perceiving the geography tasks. He understood geography as an independent science stud-
ying a nature of the Earth and environment in which a man lives. Moreover, Prof. Wincenty
Pol contributed to the development of didactics by bringing in to the Chair the newest atlases
and maps as well as handbooks in the field of geography and nature (mainly German and
French publications). Among others professor lectured regional geography and organised,
together with naturalists and geologists, research excursions to the Tatras and surroundings
of Cracow. Prof. Pol's scientific conception was developed under the influence of Prof. Alex-
ander Humboldt and Karl Ritter of Berlin. This promising Geography Chair development was
interrupted in January 1853 due to its closing down and Prof. Pol's dismissal by a decision of
the Austrian authorities. The break of activities lasted until 1877 when Prof. Czerny-Schwarzen-
berg was called to the chairman post. He was a professional historian who additionally stud-
ied geography under the supervision of Oskar Peschel and Edward Suess and ethnography
in Vienna and Leipzig. Yet the geography lectures at the Cracow University were reactivated
not earlier than in 1882 on a special request of intellectuals. In his activity prof. Czerny drew
upon German geography. His scientific achievements include the first Polish handbook on
trade geography (1889).

In the 150-year long period of the Cracow geography development, Kortus et al. (1999)
distinguished the following stages:

& The so called, Wincenty Pol's period which initiated geography as a science in Poland
and played an important role in the development of patriotic attitude of the Polish society.
The Geography Chair founded in Cracow by Pol was the second one in Europe (after the
University in Berlin) and the preceded foundation, i.a. of the Geography Chair at the Jan
Kazimierz University in Lvov under the leadership of Prof. Antoni Rehman, a known
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researcher and geobotanist. Relations between Lvov and Cracow became reinforced due
to the collaboration in the field of educating research staff who became employees of the
Cracow research centre in the following years,

¢ The period of dynamic development of geography at the Jagiellonian University in 1917-
1939 during the era of Prof. Ludomir Sawicki and Prof. Jerzy Smolenski. The first of
them graduated from the University of Vienna and wrote his habilitation thesis at the
Jagiellonian University in 1917. He chaired Geography after Prof. Czerny-Schwarzenberg
and became a founder of a modern geography study, which gained the status of the
Institute of Geography in 1918. In 1922 the second Geography Chair under the leader-
ship of Prof. Smolenski (geological studies and habilitation at the Jagiellonian University
and additional geographical studies in Berlin) was called into being. In the period between
WWI and WWII, the activities of Prof. Sawicki (until his death in 1928) and Prof. Smoleriski
(died in Sachenhausen concentration camp in 1940) focused on the consequent and
solid development of a strong geography centre in Cracow, one of the greatest centres in
Poland - apart from Lvov, where Prof. Eugeniusz Romer acted, Warsaw (Prof. Stanistaw
Lencewicz) and Poznan (Prof. Stanistaw Pawlowski). Professors Sawicki and Smolenski
concentrated around themselves gifted and creative assistants among whom were: Dr
Mieczystaw Klimaszewski, Dr Stanistaw Leszczycki, Doz. Wiktor Ormicki, Dr Antoni
Wrzosek. Among the Cracow geography alumni of the inter-war period there were many
outstanding scientists who led later numerous university and research institutes after the
WWII. The most intensively developing branches of geography in the inter-war period
were: geomorphology based on field studies in the Carpathians and Spitsbergen (M.
Klimaszewski works), which was establishing its position as a Cracow geomorphology
school, and anthropogeography including geography of settlements and population, eco-
nomic geography and tourism geography just coming into existence. Dr. Leszczycki
created this last branch, due to establishing the post-graduate studies of tourism in 1936.
Related multi-facet studies were undertaken in the Carpathians, both in the field of physi-
cal geography (measurements of solar radiation and snow cover conducted by Dr. W.
Milata in the Tatras) and in economic geography.

The Cracow geographers took an active part in international geographical con-
gresses and in meetings of Slavic geographers and ethnographers as well as in the Interna-
tional Geographical Congress in Warsaw in 1934. French (E. de Martonne) and English
(W.M. Davis) geography had the largest impact on shaping the Polish geography in the
described period. Yet the collaboration with other geographic centres in Poland was most
often limited to giving and taking some specific courses and lectures there. For instance,
Doz. Ormicki lectured economic geography at the Warsaw University, in the Silesian Peda-
gogic Institute in Katowice, at the Vilnus University and at the Department of Law and Econ-
omy at the University of Lvov.

& The period of the Nazi occupation in 1939-1945 made research and didactics at the
Jagiellonian University impossible. In concentration camps died: Prof. Smolenski
(Sachsenhausen), Doz. Ormicki (Gusen), Prof. Walenty Winid. Doz. Szaflarski and
Dr. Leszczycki taught in the underground educational system while Dr. Leszczycki,
Dr. Klimaszewski and Dr. Wrzosek participated in the resistance movement.

¢ The period after 1950 is a time of comprehensive development of the Cracow geography
both quantitative (as to the staff and number of institutions) and qualitative consisting in
a systematic collaboration with the world geography.

After WWII the first director of the JU Institute of Geography was Eugeniusz Romer,
Professor emeritus of Lvov University, who was a supervisor of habilitations of future
professors, i.a. M. Klimaszewski and S. Leszczycki , in 1946-1954. Prof. Klimaszewski
was director of the JU Institute of Geography in 1949-1978 while Prof. Leszczycki moved
to the Geography Institute of Warsaw University in 1948. There he was a head, and then
he organised, from the very foundations, the Institute of Geography of the Polish Acad-
emy of Science, which he directed until 1977. In the first years after WWII geography
alumni of the Jagiellonian University worked in various universities and branch research
institutes. In Cracow - as.in the whole Poland - geography split into specialised branches:
physical and economic geography with developing sub-disciplines. Professors
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Klimaszewski and Wrzosek supervised the development of the geography branches at
the beginning. Later, their graduate students were in charge of particular disciplines'
progress. The geographical research maintained specific characteristics of the inter-war
period, which were as follovs.

+ field work and empirical studies as a background, and undertaking laboratory experi-
ments later,

+ dynamic approach in the studies on physicol-geographic and sociol-economic proc-
esses,

+ permanentimprovement of the study methods from the traditional field mapping to the
application of aerial photographs and satellite images, GIS and statistical methods
using computer techniques.

The most important achievements of the geographic university centre in Cracow in the
past 50 years are as “follows:

+ elaboration of the fundamentals of geomorphologic and hydrographic mapping (based
on genetic-chronology principles) at various scales by Prof. Klimaszewski; because
of that Poland had an outstanding position in the world geomorphology in the 1950s
and 1960s;

+ elaboration of a quantitative model of climatic vertical zonality in mountains of a tem-
perate zone by Prof. Hess;

+ implementation of a tourism geography as a geography discipline and didactic spe-
cialisation for students by Prof. Warszynska by the end of the 1970s;

+ development of geography of religion as an independent branch of science in Poland
in the 1980s - owing to that pioneering works in the Polish and foreign literature were
issued under the supervision of Prof. Antoni Jackowski.

I In the discussed period of the development of the JU Institute of Geography, research
‘ contacts with other geography centres in Poland were vivid thanks to the geographers' meet-
i‘ ings organised by the Polish Geographic Society. Yet, the travelling abroad became possible
! from the 1960s, and the collaboration with the foreign partners was limited, initially, to the
communist countries. Starting from the 1970s, however, employees of the Institute benefit-
] ed from the bilateral direct contracts between the Jagiellonian University and other universi-
‘ ties of the world on a short-term training or, more rarely, on a long-term scientific exchange.
; Initially, within the framework of this exchange a dozen foreign students visited Cracow. in
| the 1980s the scientific exchange invigorated. So, thanks to the direct exchange, and to the
\‘ individual invitations, scholarships and participation in conferences up to 30 persons of the
| Institute had an opportunity to acquaint with the centres abroad each year. In the 1990s an
i international collaboration was also undertaken under the framework of TEMPUS, the Baltic
’ Sea University Programme, West-East Linked Laboratories GIS.

il The pre-war tradition of participation in research expeditions, which were also developed
by Prof. Sawicki (to Asia and Africa in 1923 and 1925) and Dr. Klimaszewski (the Spitsber-
| gen in 1938) found their enthusiasts. Most popular were the following expeditions: Mongolia
(Chantey and Changay Mts., Gobi Desert and mid-Mongolia steppes), the Spitsbergen, the
! Alps, Afganistan, and the Peruvian Andes. Outcomes of these expeditions were valuable
publications and graduate works at various levels.

The scope of research carried out by the Institute varied in different periods depending
on current trends in the Polish and world geographies. In the present decade the main
research directions in the Institute are as follows:

& climate and bioclimate of mountains and uplands;
& present-day tendencies to climatic changes;

i & structure, functioning and changes in the natural environment of the Carpathians and
their foreland;

& dynamics and spatial differentiation of surface and ground water regime;
+ dynamics of the environment and its resistance to human impacts;
+ comparative studies on relief dynamics in selected mountain regions,
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differentiation and protection of mountain soils;
mapping, GIS and remote sensing in the studies on geographic environment changes;
importance of tourism in functioning of a region;

organisation and dynamics of a social-economic realm in Poland during the shift to
market economy;

demographic, social and functional changes in large cities and rural areas;
functioning and changes in the industry under the new economic system;

natural, historical and socio-economic ground of the development of a tourist and spa
functions;

socio-economic functions of pilgrimage migration.

The above field of interest is realised within the framework of the Institute research pro-
gramme and thanks to the grants from the National Committee for Scientific Research,
international exchange and thanks to collaboration with national and foreign partners.
Many interesting studies are carried out in research stations of the Institute in Lazy and
Gaik-Brzezowa and in the Cracow historical meteorological station. The Institute of Geog-
raphy has sufficient computer facilities and possesses the hydrochemical and soil labo-
ratories in Lazy. Moreover, a publishing studio was formed in the Institute that signifi-
cantly improved the editorial tasks, especially in the area of publishing the research
results, student workbooks and periodicals (continuation of "Prace Geograficzne" or
"Peregrinus Cracoviensis", devoted to geographical aspects of the pilgrimage movement).

In the Institute structure there are 11 departments and 3 laboratories which perform both
research and didactic tasks. Most important is to educate professionals in various disci-
plines of geography. In 1882-1998 from the Institute of Geography graduated: 72 doctors
in physical geography, 61 doctors in social-economic geography, 4 in cartography and
mathematical geography and 8 in history of geography and historical geography. The
doctoral programme was developed for three years. In the field of students' education,
starting from the 1950s, the rigorous system of study was obligatory. Within this system
the majority of taught subjects were imposed by the syllabus of the ministry to which the
University was subdued. From 1970s there was a propensity to introduce innovations to
the courses offered within the diurnal studies associated with the specialisations being
developed in the Institute of Geography. A radical change in the system of studies took
place in the academic year of 1990/1991 when each student was offered a possibility of
an individual programme of the studies supervised by a tutor. The students can choose
not only from the courses offered by the JU Institute of Geography but also by other
departments of the Jagiellonian University and by other universities in Cracow. The Insti-
tute offers intramural studies, functioning within the framework of an obligatory system,
from 1973. The intramural studies give an opportunity to specialise in the field of physical
or socio-economic geography. Moreover, the Institute offers also post-graduate studies
in the field of protection and management of environment from 1994 and in the field of
tourism - from 1998. An important collaborator in didactic tasks is the Circle of Geogra-
phers of the Jagiellonian University existing since 1881. The Circle is an initiator of
various forms of self-education (i.a. research expeditions in Poland and in the world),
scientific meetings and workshops and social gathering of students and alumni.
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CZECHIA = BOHEMIA + MORAVIA + SILESIA
Jan MUNZAR, Milan V. DRAPELA

It appears that the adjective of "Moravian" in the title of our periodical does not use to
be sometimes correctly understood in foreign countries. Therefore, it should be explained
that it derives from the name of a historical land of "Morava" (Moravia in Latin and
English; Morava in Czech; Mahren in German, Moravie in French, Morawy in Polish),
situated in the estern part of the Czech Repubilic.

The Preamble of the Constitution of the Czech Republic, which came in force on
1 January 1993, mentions three historical lands in its territory in a following way: "We,
citizens of the Czech Republic in Bohemia, Moravia and Silesia, at the time of restoration
of the independent Czech state, loyal to all good traditions of the long-standing statehood
of the lands of the Czech Crown and the Czechoslovak statehood, determined to build,
protect and develop the Czech Republic in the spirit of inviolable values of human dignity
and freedom ..., adopt this Constitution of the Czech Republic ...".

The historical lands mentioned in the Constitution are well evident from the adminis-
trative division of the territory in 1920 (Fig. 1). Bohemia (with the capital of Prague),
Moravia (with its capital of Brno) and Silesia (with its capital of Opava) - together with
Slovakia and Sub-Carpathian Ukraine- constituted Czechoslovakia that came into exist-
ence after the end of the Habsburg monarchy in 1918. Silesia as an independent land
was abolished on 1 January 1928 and annexed to Moravia in order to constitute the
Moravian-Silesian land (with Brno as a capital).

One of the first steps made by a new Communist government in 1948 was the abolish-
ment of the provincial pattern in the country, probably in order to suppress the historical
awareness, to the date of 31 December 1948. This means that to the date of
1 January 1949, there were four counties constituted in the territory of Moravia and
Silesia, which however did not respect the historical regional borders; the fifth county with
the administrative centre in Jihlava was then consisting of approximately a half of the
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south-western Moravian territory and a half of the south-eastern part of Bohemia on the
other side.

In 1960, the number of counties in the Czechoslovak Socialist Republic was reduced
in such a way that there were only two in the Moravian-Silesian territory: the North-Mora-
vian county with the capital of Ostrava, and the South-Moravian county with the capital of
Brno. The borders between the two counties were again alligned to suppress the identity
of the individual territories; for example the traditional SW Moravian area (region of Dacice)
was annexed to the South-Bohemian county with the centre in Ceské Budg&jovice. The
two "Moravian" counties were cancelled -together with other five counties in the territory
of Bohemia- to the date of 31 December 1990. At the present time, there are no higher
territorial-administrative units. The basic units for the time being are 76 districts with the
capital of Prague having the status of an independent district.

Moravia as an administrative unit ceased to exist de facto as long as 50 years ago.
However, its historical area of 26 095 km? became a part of the Czech Republic (78 864
km?) since 1993. The country's name derives from the Slavonic tribe of Moravians, first
mentioned in 822. In the 9th century, Moravia became a core of the first early feudal
formation - the Empire of Great Moravia. After the Empire had been destroyed by Hun-
garians in 907, the centre of the state's development was gradually transferred to Bohe-
mia. The first time that Moravia was acquired under the sovereignty of the Bohemian
dukes was the first half of the 10th century and then definitively in 1029 - 1031. In 1182,
Moravia was bestowed the status of an independent Margraviate of Moravia.

Moravia is plotted in a so called Ebstorf map (Fig. 2) as early as at the beginning of the
13th century. The authorship of this largest circular map of the world with the diameter of
356 cm is being attributed to the provost of the Benedictian monastery at Ebstorf near
Hannover, Cervasius of Tilbury (1150 - 1235). The map is considered to have been made
in about the year of 1234, or even as early as in 1214 and contains the name of Moravia
as well as the course of the Morava River - Macha fl. According to the text of the Ebstorf
map (after the Hamburg Church Cronicle of 1072 written by Adam of Bremen), the Elbe
and Odra Rivers spring not far from each other on the forested Moravian slopes; howev-
er, they flow in opposite directions with the Odra River turning to the North and the Elbe
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Fig. 2: A section from the so called Ebstorf Circular World Map of the 13 th century
with the first plotting of Moravia.
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River turning to the West and flowing into the British Ocean. Inhabitants are mentioned as
Moravians being the Slavonic tribes living to the east of Boemes and neighbouring with
Pomeranians on the one side, and with Hungarians and the most atrocious tribe of Pecene-
gians who fed on human flesh. It must be added at this place that the original of the
Ebstorf map was unfortunately not preserved - having been destroyed at the bombing of
Hannoverin 1943.

As to the third historical land mentioned in the Constitution of the Czech Republic as
Silesia (Silesia in Latin and English; Slezsko in Czech; Schlesien in German; Silésie in
French), it is in fact only a small southern part of a historical territory in Central Europe
bearing this name and belonging in its greater part to Poland. After the constitution of
Czechoslovakia in 1918, the Silesian land occupied as much as 4 458 km? of the coun-
try's area .

Shortly after the coming into existence of the Czech Republic six years ago it ap-
peared necessary, among other also in connexion with the prepared entry of the country
into the European structures, to come into terms with the common practice of referring to
the new state by a single-term official geographical name. Its equivalents in different
languages are included in the UN Geographical List of Terminology - Czech Republic
(1993) where the English, French, German, Spanish and Italian names of the country
are Czechia, Tchéquien, Tschechien, Chequia and Cechija, respectively.

The Ministry of Foreign Affairs of the Czech Republic recommends to use the official
two-term name of the country of the Czech Republic only in official documents and texts
(laws, contracts, treaties, notes, etc.) of a special significance, in the names of important
national institutions and in official speeches. At translating the name of the country into
foreign languages it is in the first place necessary to respect its orthographical norms and
the logical context. Provided that the principle is observed, it is tolerable -and in some
cases even desirable- to translate the name of the "Czech Republic” into its single-term
equivalent such as the "Embassy of Czechia in ..." in English.

It can be concluded that the relation of the Czech Republic and its historical lands in
the Preamble of its Constitution can be simplified into the above equation: Czechia =
Bohemia + Moravia + Silesia. It is therefore not correct that the name of the Czech
Republic is sometimes substituted by the name of Bohemia which is in fact the name of
only the western part of the country.
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