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GEOGRAFIE - SBORNIK CESKE GEOGRAFICKE SPOLECNOSTI
ROK 2002 @ CISLO 2 @ ROCNIK 107

Dear friends,

after some discussions of the Editorial Board of Geography — Journal of
Czech Geographic Society you are opening the second issue volume No. 107
prepared on occasion of the Regional Conference of IGU in Durban in South
Africa. This issue is based on the appeal to geographical institutes and
departments in Czechia to send contributions that could address broader
international community of geographers. Selective opponent procedure has
resulted in publishing of six contributions. These represent as individual
geographical disciplines as a couple of university departments of geography in
Czechia. We suppose these contributions will bring some response from
geographers abroad, too. The abstracts of contributions to this journal from
years 2000 and 2001 (mostly in Czech language) and the overview of
university departments of geography and Institutes of the Academy of
Sciences of the Czech Republic in the half of 2002 are included besides.

Both the authors and Editorial Board of this journal look forward to your
response and opinions.

I do believe that this issue will enable closer acquaintance with the working
results of Czech geographers during the last years. Simultaneously I express
my hope for further continuation of entering upon the way of our scientific
society heading at significant interconnection with international scientific
geographical networks.

Ivan Bicik, President, Czech Geographic Society

97



GEOGRAFIE — SBORNIK CESKE GEOGRAFICKE SPOLECNOSTI
ROK 2002 @ CISLO 2 @ ROCNIK 107

BOHUMIR JANSKY

CHANGING WATER QUALITY IN THE CZECH PART
OF THE ELBE CATCHMENT AREA IN THE 1990s
(Twelve years of cooperation of Czechs and Germans
on the river Elbe)

B. Jansky: Changing Water Quality in the Czech Part of the Elbe Catchment Area in the
1990s. — Geografie — Sbornik CGS, 107, 2, pp. 98 — 110 (2002). The Elbe is the largest river
of the Czech Republic. On the state boundary it has an average long-term flow rate of 315 m%s
and it drains 2/3 of Czech territory into the North Sea. The alluvial plain of the Elbe was from
the very beginning of our history an important migration corridor and later it gained a
substantial economic significance. The impulse for the cooperation of Czechs and Germans on
the Elbe was the unification of Germany. In 1990 an “Agreement about the International
Commission for the Protection of the Elbe” was signed, and in 1992 regular Czech-German
expert seminars started to take place. Geographers from the Faculty of Sciences of Charles
University in Prague participated in the cooperation with German academic institutions.
They introduced some new methodical approaches into the research of surface water quality
and they achieved a number of valuable results. In twelve years of intensive scientific
activities and substantial financial investments into the sanitation of sewage water from the
largest pollution sources, water quality in the Elbe has improved markedly.

KEY WORDS: water quality — Elbe catchment area — Magdeburg Seminars — Czech-
German cooperation -, regional approach to water quality - negative influence of
agriculture — development of surface water pollution.

1. The Elbe - Hydrographical overview

Due to its position in the middle of Europe, the Czech Republic is a
headwater region for European rivers. Around 66.2 % of the state area is
drained into the North Sea through the Elbe, 24 % into the Black Sea through
the Danube, and 9.8 % into the Baltic Sea through the Odra.

From the total Elbe catchment area of 148 268 km?, 50 176 km? (33.8 %) are
in the Czech Republic, and 96 932 km? (65.4 %) are in Germany. The
remaining 1 160 km? (0.8 %) are in Poland and Austria.

The Elbe springs in the KrkonoSe Mountains at an altitude of 1383.6 m
above sea level. After 364.5 km it crosses the Czech-German state boundary
and after 1 091.47 km it falls into the North Sea near the city of Cuxhaven.
Its largest tributary is the river Vltava (Moldau in German); the Vltava,
however, is superior to the Elbe in all hydrographical parameters including
the rate of flow. Its catchment area is twice as large as that of the Elbe
(28 090 km? compared to 13 714 km? of the upper Elbe), it is substantially
longer (433.2 km compared to 258.7 km of the Elbe up to the confluence) and
is also larger than the Elbe as regards average long-term flow rate (150 m%s
compared to the Elbe’s 102 m3/s). Therefore, according to all hydrological
rules, the Vltava should be the main flow of the hydrological system.
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The average long-term annual flow rate at the estuary to the North Sea is
877 m?%/s, on the boundary profile Czechia — Germany it is 315 m%s which
represent 36 % of the total flow rate. The average long-term annual
precipitation total in the Czech part of the Elbe catchment area reaches
659 mm and the average specific runoff is 6.2 l.sL.km2. The average long-
term annual runoff in the boundary profile Hiensko is 10.06 mld. m3. This
value corresponds with the runoff coefficient of 29.7 % (¢ = Ho/Hg), Ho —
average annual runoff depth, HS — average annual precipitation depth).

In the Czech part of the Elbe catchment area, agricultural land takes up
55.8 % (plough land 40.7 %, grassland 14.9 %, other agricultural land 0.2 %)
forest land 32.6 %, water area 2 % and other areas 9.6 % (Nesmérak 1995).

L 14 LT LT NS 1 S

i

¢ jA Baltic Sea :

Fig. 1 — The Elbe
catchment area #
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2. The Elbe - A connection of historical territories of Czechs
and Germans

Already in the Middle Ages, an interconnected settlement and economic
system originated along the main stream. The alluvial plain of the Elbe
became an important migration corridor soon after the Czech Basin was
settled by the first Slavonic tribes. Even today, we can find traces of Polabian
Slavonic tribes along the whole length of the main stream and on the banks
of its tributaries. In spite of many conflicts in the thousands of years of Czech
and German neighbouring, on the Elbe the two nations on its upper and on
its lower course were rather brought together by the river.

The economic importance of the Elbe river system was recognized already
by the Czech king and Roman emperor Charles IV. In 1340 he set up a
“Commission of Sworn Provincial Millers” which was the highest water-
management institute in the Czech Lands. Beside the right of judgement over
water trespass and beside the supervision of the building of fishponds, weirs
and gates, the Commission controlled navigation on the Elbe and the Vltava
rivers. Even the “Royal Count of Navigation” was subject to the Commission;
the Count resided at the Castle of St¥ekov (near the city of Usti nad Labem)
and from 1 348 he supervised all navigation on the Elbe in Bohemia and even
toward Saxony. The transportation importance of the Elbe gradually
increased and corresponding with it was the growing prosperity of the
Hanseatic town of Hamburg. This town later became an important gateway
overseas, even for the Czech lands.

3. The beginnings of international cooperation on the river Elbe

In the 1960s, the Rhine was considered to be the most polluted large river
in Europe. Czechoslovak mass media at that time described its estuary as the
“cloaca of Europe”, while our own problems with water quality were presented
exceptionally, usually just during major accidents. Only a limited group of
hydrologists — water quality experts — had information for example about the
fact that 2 037 of the largest water polluters in the Czechoslovak Socialist
Republic received government exemptions for the discharge of sewage water.
In practice this meant that these polluters (large cities, major industrial
plants) could behave “alternatively” to the provisions of law no. 138/1973 of
Coll. “About waters” or to the provisions of statutory order no. 25/1975 of Coll.
“About indicators of the admissible degree of water pollution”.

In 1988, “The Second International Conference for the protection of the
North Sea” took place in London. The participants appreciated the significant
success of programs started by the “International Commission for the
Protection of the Rhine”. They agreed that since the 1970s the transport of
polluting substances from the Rhine estuary to the North Sea decreased
radically. Therefore, the most important threat to the North Sea at that time
was represented by the Elbe. Germany, Great Britain and especially the
Scandinavian countries intensified political pressure upon the governments
of socialist countries of Central and Eastern Europe. However, out
representatives vigorously denied the growing inflow of toxic substances into
the North Sea and the Baltic Sea.

Only the precipitous political events at the end of 1989 became an impulse
for international cooperation in the field of water protection. The text of the
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“Agreement about the International Commission for the Protection of the
Elbe” was prepared already before the unification of Germany. On 8 October
1990 it was signed in Magdeburg by Ministers of Environment of the
Czechoslovak Federative Republic and of the Federal Republic of Germany,
with the participation of a representative from the European Commission. It
was the very first mutual agreement for the new Czechoslovakia, Germany
and the European Union. After 45 years of political separation the important
European stream Elbe became a connection of the two countries, of towns and
cities lying along it, as well as of the people living on the upper stream and
the lower stream.

4. Czech-German seminars about the protection of water

The tradition of expert seminars of water-managers and research workers
was established in 1988 in Magdeburg, on the territory of the former socialist
German Democratic Republic. In the same city, two other seminars took
place, with German participation only, and always with one single guest from
Czechoslovakia. In 1992, two leading research laboratories on the two sides of
the state boundary entered into professional relations — the “T.G.M. Water-
Management Research Institute” (Vyzkumny istav vodohospodaisky) in
Prague and the institute “GKSS-Forschungszentrum” in Geesthacht; these
two institutes agreed on organizing joint conferences, so-called “Magdeburg
Seminars”, in two-year intervals. One topical key theme is selected for each
seminar and it results in the formulation of specific measures to be taken in
the field of water protection. The both parties thus fulfil the basic ideals of the
European Water Charter which was adopted in Strasbourg 30 years ago:
“Water knows no boundaries; being a shared resource, it requires
international cooperation” (see Tab. 1).

The development of the key themes of the seminars suggests that while at
the beginning the research teams focused on recording pollution sources and
on improving water quality, in the following years they rather focused on a
more complex ecosystemic approach. The scientific conferences last one week;
the participants speak both Czech and German, and they use simultaneous
interpretation. At the last seminar in Berlin, there were 30 lectures, and more
than 100 posters were presented. Over 200 participants signed up for this
year’s seminar in Spindlertv Mlyn (near the spring of the Elbe in the
Krkono$e Mountains); there will be 48 lectures and about 120 posters will be

Tab. 1 — An overview of Czech-German ,Magdeburg seminars about water protection®
organized so far:

Year | Theme Place

1992 | Situation on the Elbe Spindlertv Mlyn
1994 | The Elbe - Ecology versus Economy? Cuxhaven

1996 | Ecosystem of the Elbe — Condition, Development Ceské Budgjovice

and Use Ceské Budg&jovice
1998 | Protection and Use of Water in the Elbe Catchment Area | Karlovy Vary

2000 | Management in the Catchment Area Berlin

2002 | Elbe - New Horizont of the Catchment Area Management | Spindleriv Mlyn *)

*) The seminar will take place from 22 to 25 October 2002
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presented. The ratio of Czech and German participants corresponds
approximately to the share of the Elbe catchment area: 1/3 are Czechs and 2/3
are Germans.

5. The national project of the Elbe and its aims

The national project was ordered in 1990 by the Czechoslovak Ministry of
Environment. One year later, a technical-economic study (Nesmérak 1991)
was adopted which defined the main goals of the project. These goals were
supposed to take into account accepted international commitments. If they
were fulfilled, it would help us to reach the standards of EU member states:
— Gain knowledge about the current condition of water quality in streams

and of discharged pollution for the selected water quality indicators.

— Propose such conceptual measures (including legal and economic tools)
which would lead to securing the following aims:

® Substantial improvement of water quality in the Elbe and in its

tributaries in such a way as to achieve the possibility of processing water
at water treatment plants into drinking water. The same applies to
infiltrated water in quaternary sediments and the possibility of using
water for irrigation.

® Improving the condition of biocenoses with the aim of attaining natural

stream ecosystems and of their alluvial plains.

® Substantially decrease the amount of polluting substances flowing into

the North Sea.

® Provide qualified data for the state administration and for cooperation of

the Czech Republic within the framework of the International
Commission for the Protection of the Elbe (Czech abbrev. MKOL,
German abbrev. IKSE).

6. Participation of geographers in the solution of the Elbe Project

Research of surface water quality has a 25-year tradition at the
Department of Geography and Geoecology of the Faculty of Science of Charles
University in Prague. In 1976, the author engaged in the solution of a large
public project called “The influence of natural elements, terrain washing and
waste substances upon water quality in streams and ponds”, where he solved
the main stage — “Atlas of maps of specific substance denudation in the
catchment area of the Berounka river” (Jansky 1980).

During the following years, methodology of the research work improved,
and the area of the researched territory grew. Research started in the
catchment area of the Uhlava (a water supply river in western Bohemia),
then it was extended to the catchment area of the Berounka (a left-hand
tributary of the Vltava in Prague) and in the next stage it continued to the
whole Czech catchment area of the Elbe.

At the beginning of the 1990s, a close professional relationship developed
with Universitdt Hamburg and some research institutes in Germany (the
International Commission for the Protection of the Elbe in Magdeburg, the
Commission ARGE Elbe, and the Centre of Water Quality Control
“Wassergiitestelle Elbe” in Hamburg). Cooperation during research enabled
us to gain access to data and to new software which we used to model water
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quality in the longitudinal profile of streams (e.g. Langhammer, Jansky 1996;
Langhammer 1997, 1999, 2002). Active contact with hydrologists and water-
managers in Hamburg takes the form of lecture stays of pedagogues, practice
stays of graduates and students. Special hydrological excursions have been
organized, of German students in the Czech Republic (Karbe, Nellen, Jansky
1993), and of Czech students in Hamburg and in lower Sacia. Also, a joint
publication of a monographic type was produced (Karbe, Madler, Jansky
1992).

During the last 20 years, students and graduates are regularly engaged in
the research of water surface quality. A number of diploma theses have been
defended in our department which contributed to our knowledge of regional
water quality structure in sectional catchment areas, and some of them even
represented a valuable methodical contribution (see the list of master theses
beyond the list of works cited).

6. 1. Contribution of the geographers to solution
methodology

— Beside traditional water-management processes, we introduced the so-
called dependency evaluation of water quality. It consisted in statistical
dependency of polluting-substance concentration not only on water flow
rate, but also on the season of the year. In all examined profiles we
therefore obtained schematic three-dimensional models of water quality,
enabling recognition of water quality during any flow rate or during any
season of the year (Jansky, 1983, Jansky 1991, Pivokonsky, BenesSova,
Jansky 2001).

— Using the software Mike 11, Mike 21 and QUAL 2E enabled us to model
water quality in a longitudinal profile of the stream, with regard to the
quantity of discharged sewage water in point sources and hydraulic
conditions of streams (Langhammer 1997). This methodology also enables
us to prognosticate the development of water quality in the future.

— Regional approach to water quality analysis grew to be accentuated more
and more during the solution. As opposed to water-management engineers,
we did not evaluate water quality merely in river channels, but we focused
on the landscape. In most of our works we focused on evaluating the
balance of substance denudation from catchment areas by means of an
indicator of specific substance denudation (Jansky 1983, Jansky 1991). Our
priority was to research scattered substance sources, especially on
agricultural land. Agriculture had a negative influence upon water quality
and it markedly changed the face of Czech countryside. During the socialist
farming epoch, production grew rapidly, but the quantities of artificial
industrial fertilizers that were used were appalling. The originally
scattered livestock production was concentrated in gigantic modern farms
which produced enormous amounts of sewage. The sewage was usually
transported to insufficient areas of plough land, commonly very near to the
stables (Jansky et al. 2000). A number of our researches proved for certain,
that in many regions the negative influence of agriculture is much more
pronounced than that of municipal and industrial waste (Jansky 2000).

— In order to evaluate substance denudation from and area, we developed a
grid-oriented GIS model called TYCOM, which is based on a combination of
information from available distance data about the Earth (Langhammer
2002).
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— The solution of the Elbe Project became an impulse for the development of
a new research direction within the framework of geography at the Faculty
of Science — revitalization of river ecosystems (Matouskova 2002).

7. Development of water quality in the Czech part of the Elbe
catchment area during the 1990s

At the end of the 1980s, the Elbe belonged among the most polluted rivers
in Europe. From the beginning of the 1990s we have been registering a
continuous improvement of water quality in the Elbe and in its main
tributaries. The first changes occurred in the Czech Republic in the period
from 1990 to 1992 especially due to the marked decrease of volume of
industrial production. A direct consequence of this industrial crisis was the
decrease of volume of sewage water discharged into water streams. Further
improvement of water quality was achieved in the following years due to the
sanitation of the largest pollution sources in industry and in large
settlements. Within the framework of the so-called “Immediate program”, 30
sewage water treatment plants were built and reconstructed in the Czech
part of the Elbe catchment area during the period from 1991 to 1995. In the
period from 1996 to 1999, within the framework of the so-called “Action
program”, another 12 new or reconstructed sewage water treatment plants
were commissioned (see Tab. 2).

The German government participated in the building of new sewage water
treatment plants and the reconstruction of obsolete sewage water treatment
plants in the Czech part of the Elbe catchment area with a total sum of
10.072 mil. USD, that is about 29 % of the total expenses.

7. 1. Development of surface water pollution from
municipal and industrial sources

In 1990, 72.4 % of the 6 million inhabitants in the Czech part of the Elbe

catchment area were connected to the public sewerage system and 51.6 % to

the sewage water treatment plants. However, the elimination of total
phosphorus and nitrogen itself reached only 4.2 % of inhabitants of the Czech

Tab. 2 — New and reconstructed sewage water treatment plants in the period from 1991 to
1999 with a capacity over 20.000 equivalent citizens

Number of Number of Investments Pollution
sewage water inhabitants (mill. USD) decrease
treatment supplied (millions (tons per year)
plants *) of equivalent BOD TP TN
citizens)
Czechia 42 8.47 306.4 40970 730 3870
Germany 139 12.87 2 688.4 42800 2590 10380
Total 181 21.34 2994.8 83770 3320 14250

*) new and reconstructed sewage water treatment plants
BOD - biochemical oxygen demand

TP - total phosphorus

TN - total nitrogen
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Fig. 2 — Development of oxygen concentrations in the boundary profile of Schmilka/H¥ensko
in the period from 1990 to 2001

part of the Elbe catchment area. The average efficiency of the sewage water
treatment plants was only 46 % in 1990, while 65 % of all sewage water was
brought to the sewage water treatment plants.

In 1999, more people were connected to the public sewerage system
(74.7 %) and to the sewage water treatment plants (63.8 %) A more
pronounced progress could be observed as regarded elimination of total
phosphorus and oxygen, which now was provided for sewage water from
17.6 % of the inhabitants.

7. 2. Selected examples of water quality
improvement in the Elbe during the 1990s

Oxygen conditions. Since 1993, no critical concentrations of oxygen under
3 mg/l have been registered on the profile Schmilka / Hiensko (Czech-German
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Fig. 3 — Development of concentrations of COD-Cr in the boundary profile of
Schmilka/Hfensko in the period from 1990 to 2001
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Tab. 3 — Development of concentrations of chemical oxygen demand (COD-Cr), oxygen (O,)
and mercury (Hg) in the profile of Schmilka/H¥ensko in the period from 1990 to 2001

1990 | 1991 | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001

COD-Cr | AVG {47917 | 45 |37.667]33.846(30.462 [28.769| 28 |28.846]29.15429.538 |24.923 |21.077
(mg/D) MIN | 31 35 21 24 19 19 22 18 23 20 15 13
MAX| 63 57 63 72 50 37 33 42 36 42 66 28

1990 | 1991 | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001

0, AVG | 7.717 | 7925 | 8367 | 85 | 8862 [10.185]10.323 | 10.308] 9.877 |10.262 |10.015 [10.462
(mg/) MIN [ 37 5.7 3 52 | 49 6.7 8 75 | 66 | 79 | 82 | 82
MAX | 114 | 117 | 112 | 127 | 122 [ 133 | 135 | 17.7 | 149 | 133 | 143 | 127

1990 | 1991 | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001

Mercury | AVG | 0.178 | 0.173 | 0.108 | 0.156 | 0.595 |0.173 | 0.069 | 0.077 | 0.054 | 0.062 | 0.058 | 0.062
(ng) MIN | 0.02 | 0.03 | 0.01 | 003 | 0.01 | 01 | 0.1 01 ] 01 | 01 01 | 01
MAX [ 05 | 033 | 023 | 027 | 32 0.7 | 01 01 ] 01 | 01 01 | 01

state boundary). Meanwhile, medium concentrations of O, are growing
continually (see Fig. 2). Between the years 1990 and 2001, they increased
from 7.7 to 10.5 mg/l, and minimum yearly values have not decreased below
6.6 mg/l since 1995.

Heavy metals. Medium yearly mercury (Hg) concentrations decreased on
the boundary profile Schmilka/H¥ensko from 0.178 ug/l to 0.062 ng/l between
1990 and 2001. In the mentioned period, the variation range between
maximum and minimum yearly values also decreased substantially.

Nitrate nitrogen (N-NO,). At the state boundary, medium annual values
decreased from 5.2 mg/1 in 1990 to 4.3 mg/l in 1999.

Chemical oxygen demand. Medium annual values on the boundary profile
Schmilka/H¥ensko have decreased to less than a half of the original values. In
1990, maximum measured concentration was 63 mg/l, but it 2001 the
maximum was only 28 mg/l (see Fig. 3 and Tab. 3).

We also registered a decrease of medium annual concentration values as
regards some organic substances. However, AOX compounds (absorbable
organic halogenated compounds) and hexachlorobenzene are exceptions,
which originate from industrial sewage water.

The pollution of washed-off soil and sediments is still very high, especially
pollution with heavy metals (mercury and cadmium), AOX,
hexachlorobenzene and tributylstannum. As regards phosphates and total
phosphorus, first we registered a decrease of concentrations. However, no
positive changes have occurred since 1994; average annual concentrations
have rather been increasing. Gradual reduction of concentrations of harmful
pollutants causes renewal of aquatic ecosystems. Everything indicates that in
the last few years, the aquatic ecosystems are getting into their regenerative
stage.

Conclusion

In spite of the significant progress, which is especially due to the
continuous sanitation of sewage water in the Czech part of the Elbe
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catchment area since 1990, it is necessary to adopt more measures in order to

improve water quality even further:

— The inflow of harmful pollutants into water streams must be reduced further.

— It is necessary to continue building sewage water treatment plants at
smaller industrial plants and especially in settlements with a population
below 5,000. These diffusion sources excessively pollute surface water in
the Elbe catchment area with nutrients (especially compounds of
phosphorus and nitrogen).

— It is necessary to further reduce the thermal water pollution.

— Another important task is to reduce dangerous toxic substances originating
from industry, such as mercury, chlorinated hydrocarbons, especially
hexachlorobenzene and trichloromethane, as well as absorbable organic
halogenated compounds (AOX) and EDTA.

— A substantial problem still is the influence of planar sources of substances
on the quality of surface and underground waters. In many rural regions of
the Czech part of the Elbe catchment area, the situation is not only getting
better, it is getting worse. This concerns especially regions with a dominant
influence of agriculture upon water quality.
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Summary

ZMENY KVALITY VODY V CESKE CASTI POVODI LABE V 90. LETECH
(dvanéct let spoluprdce Cechti a Némct na Labi)

Labe je nejvétsi fekou Ceské republiky. Prameni v Krkonosich v nadmoiské vysce
1 383,6 m nad mofem, po 364,5 km prekraduje ¢esko — n&meckou statni hranici a po
1 091,47 km se u mésta Cuxhaven vléva do Severniho mote. Odvodiiuje 66,2 % tvizemi CR
a na stdtni hranici ma pramérny dlouhodoby pritok 315 m¥s, coZ pfedstavuje 36 % vzhle-
dem k pritoku v dsti (877 m%s). Z celkové plochy povodi Labe 148 268 km? p¥ipad4 na Ces-
kou republiku 50 176 km? (33,8 %) a Spolkovou republiku Némecko 96 932 km? (65,4 %).
Zbylych 1 160 km? (0,8 %) leZi na dzemi Polska a Rakouska.

Pramérny dlouhodoby ro¢ni dhrn srazek dosahuje v deské &asti povodi Labe 659 mm
a prumérny specificky odtok &ini 6,2 1.s"1.km2 Dlouhodoby primérny roéni odtok v hranié-
nim profilu H¥ensko je 10,06 mld. m®. Tomu odpovida odtokovy souéinitel 29,7 %.

Udolni niva Labe byla na poé¢dtku nasich déjin dileZitym migraénim koridorem a pozdé&ji
ziskala znaény hospodaisky vyznam. Cesky krél a ¥imsky cisar Karel IV. zfidil v roce 1340
»~Komisi pfiseZnych mlynait zemskych®, kterd byla nejvyssi instituci pro vodohospodaiské
zalezitosti v Cechach. Ji byl podiizen i ,Kralovsky hrabé plavebni®, ktery sidlil na hradé
Strekoveé a od roku 1348 mél dohled nad veskerou plavbou na Labi v Cechéch i smérem do
Saska. Dopravni vyznam Labe postupné vzrastal. Tomu odpovidal rozkvét hanzovniho
mésta Hamburk, které se i pro vizemi Cech stalo dileZitou branou do zdmo¥i.

Impulsem pro spolupréci Cechti a Némcti na Labi v oblasti ochrany vod se stalo sjedno-
ceni Némecka. Dne 8. #ijna 1990 podepsali v Magdeburku minist¥i Zivotniho prostfedi teh-
dejsi CSFR a SRN spolu se zastupcem Evropské komise ,,Dohodu 0 Mezinarodni komisi pro
ochranu Labe“. Pro vSechny zidastnéné strany to byla viibec prvni vzdjemnd mezinarodni
smlouva. V roce 1992 byly navdzdny odborné kontakty mezi pfednimi vyzkumnymi praco-
viSti na obou stranach hranic, které se dohodly na porddani spoleénych konferenci, tzv.
Magdeburskych seminéi, a to ve dvouletych intervalech. Obé strany tak napliuji zdklad-
ni ideje Evropské vodni charty, kter4 byla p¥ijata pred t¥iceti lety ve Strasburku: ,Voda ne-
zné hranic, jako spoleény zdroj vyzaduje mezindrodni spolupraci®.

Vyzkum jakosti povrchovych vod ma na katedte fyzické geografie a geoekologie Prirodo-
védecké fakulty UK v Praze jiz pétadvacetiletou tradici. V roce 1976 ji zaloZil autor této sta-
ti jako spolufeditel rozsdhlého statniho projektu s ndzvem ,Vliv pFirodnich &niteld, terén-
niho smyvu a odpadnich latek na jakost vody v tocich a nadrzich®.

JiZ na pocatku 90. let byly navazany uzké odborné kontakty s Universitou Hamburk
a nékterymi vyzkumnymi institucemi v SRN. Spoluprace ve vyzkumu ndm umoznila ziskat
- piistup k datim i novému software, ktery jsme vyuZili k modelovani jakosti vod v podélném
profilu tokd. Cilé kontakty se projevily ve vyméné pedagogy, p¥i odbornych praxich stu-
denti i doktorandd, p¥i organizovani spoleénych hydrologickych exkurzi a vyustily piipra-
vou spole¢nych publikaci.

4 Dlouhodobé zapojeni geografli do analyzy jakosti vod znamenalo vyrazny pfinos k meto-
ice FeSeni:
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Kromé tradiénich vodohospodarskych postupt bylo zavedeno tzv. zdvislostni hodnoceni
jakosti vod. Spo¢ivalo v hodnoceni statistické zavislosti koncentrace zneéistujicich latek ne-
jen na pritoku vody, ale soudasné i na roénim obdobi. Za vyuZiti software Mike 11 a QUAL
2E se provadi modelovani jakosti vody v podélném profilu tokl se zietelem na mnoZstvi vy-
pousténych odpadnich vod v bodovych zdrojich a hydraulické poméry. Béhem FeSeni je sta-
le vice akcentovan regiondlni piistup k analyze jakosti vod. Ve v&tsiné nagich praci jsme se
vénovali hodnoceni bilance ldtkového odnosu z ploch povodi, pfi¢emz téZistém naseho z4-
jmu se staly rozptylené zdroje latek, pfedeviim v zemédélsky vyuZivané krajiné. Pro hod-
noceni latkového odnosu z 1izemi byl vyvinut gridové orientovany GIS model oznaceny TY-
COM, ktery je zalozen na kombinaci udaji z dostupnych distanénich dat o Zemi. ReSeni
projektu Labe se stalo impulsem pro rozvoj nového vyzkumného sméru v ramci geografie na
Ptirodovédecké fakulté revitalizace Fiénich ekosystému.

Na konci 80. let patfilo Labe k nevice zneéisténym fekdam Evropy. Od pocatku 90. let
muZeme pozorovat stalé zlepSovini kvality vody v Labi i jeho hlavnich p¥itocich. Pozitivni
zmény nastaly v CR nejprve v obdobi let 1990 az 1992 predevsim v disledku markantniho
poklesu objemu primyslové vyroby a tim i poklesu objemu vypousténych odpadnich vod do
tokd. Dalsiho zlepseni jakosti vod bylo poté dosaZeno diky sanaci nejvétsich zdrojii znecis-
téni v primyslu a velkych sidlech. V éeské ¢4sti povodi Labe bylo postaveno ¢&i intenzifiko-
véno 42 ¢istiren odpadnich vod. Na konci 90. let bylo na vefejné kanalizace p¥ipojeno 74,7 %
a na Cistirny odpadnich vod 63,8 % obyvatel.

Na z4vér ¢lanku jsou uvedeny konkrétni p¥iklady zlepeni jakosti vody v hraniénim pro-
filu Schmilka/H¥ensko, a to pro ukazatele koncentrace kysliku, rtuti, dusiénanového dusi-
ku a organické zneéisténi vyjadfené parametrem CHSK (chemick4 spotfeba kysliku). Kro-
mé trendl zlepfovani jakosti vody upozoriiuje éldnek rovnéZ na pretrvéavajici problémy a
pFind&i navrh opatfeni pro dalsi zlepSovani kvality povrchovych vod v eském povodi Labe.

Za seznamem literatury je pFipojen pfehled témat diplomovych praci a doktorskych di-
sertaci, které se na katedfe fyzické geografie a geoekologie P¥F UK Praha po roce 1980 za-
byvaly analyzou jakosti vod.

Obr. 1 — Povodi Labe

Obr. 2 — Vyvoj koncentraci kysliku v hraniénim profilu Schmilka/H¥ensko v obdobi 1990 az
2001

Obr. 3 — Vyvoj koncentraci CHSK-Cr (chemické spotteby kysliku) v hraniénim profilu Sch-
milka/H¥ensko v obdobi 1990 az 2001

(Author is with Department of Physical Geography and Geoecology, Faculty of Science,
Charles University, Albertov 6, 128 43 Praha 2, Czechia.)
Arrived to the editor’s office on March 4, 2002
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VIT VOZENILEK
TERRAIN SENSITIVITY IN ENVIRONMENTAL MODELS

V. Vozenilek: Terrain Sensitivity in environmental models. — Geografie — Sbornik
CGS, 107, 2, pp. 111 — 120 (2002). — Environmental models involved many spatial
components. A terrain (Earth’s surface) is often included as crucial factor of modelled
processes. Terrain is a continuous phenomenon that is represented by various discrete or
networked means. This dimensional variability in representation process impacts in both
inherent terrain parameters (incl. surface forms) and modelled outcomes. The paper treats
various aspects and shows them in examples.

KEY WORDS: Environmental models — terrain sensitivity — GIS — digital terrain models.

Introduction

Environmental processes often have a signsificant horizontal component in
a landscape that is neglected in current environmental models, i.e. lateral
stream erosion, which by widening a valley can significantly alter the
depositional geometry within a floodplain over geologic time. A terrain
(Earth’s surface) is mostly involved in the models.

There is a dynamic relationship between the surface forms and the
processes that build, modify or remove the surface forms. The processes
include some form of displacement of the Earth’s surface material, which
varies in relation to velocity, direction, amount of material removed and the
frequency or return period of the process. This gradually changes topography.
The terrain changes can be quantified by comparing altitude and different
terrain parameters, which have a geomorphic significance with respect to
terrain changes.

Terrain sensitivity is an ability of terrain to impact all supplemental and
derived topics in terrain processing. Terrain sensitivity is caused by
influences of Earth’s surface representation in digital data models.

Digital terrain models

Digital terrain models (DTMs) are digital representations of the terrain
properties at discrete points in that landscape (Moore, Nieber 1989). These
models have been designed recently to calculate the distributed topographical
attributes of the landscape for use in environmental sciences, geography,
cartography, mining, land-use planning, engineering, defence etc.

Terrain is a ,continuous” phenomenon and potentially has an infinite number
of points, which can be measured. Obviously it is impossible to record every
point. Consequently, a sampling method must be used to extract representative
points to build a surface model that approximates the actual surface. Many
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environmental phenomena are related to terrain (runoff, agriculture etc.). The
environmental models including DEM should (VoZenilek 1996):

— accurately represent the surface,

be suitable for efficient data collection,

— minimise data storage requirements,

maximise data handling efficiency,

be suitable for surface analysis.

A digital terrain model may be defined as a regular gridded matrix of
elevation values that represents surface form called a grid. There is less
certainty in the way in which the DTM should be interpreted as a model of
continuous surface form. The process of interpolating parts of surfaces from
point values in a DTM is fundamental to much DTM processing and analysis,
yet the implications of the form of interpolation are not always fully appreciated.

The TIN model is a vector topological structure similar in concept to the
fully topologically defined structures for representing polygon networks. The
TIN model regards the nodes of the network as primary entities in the
database. The topological relations are built into the database by constructing
pointers from each node to each of its neighbouring nodes. The neighbour list
is store clockwise around each node starting at north.

TIN data structure offers the best approximation of a real terrain surface.
There are two reasons for this. Firstly, every measured data point is being
used honoured directly, since they form the vertices of the triangles used to
model the surface, to determinate the heights of additional points by
interpolation and to carry out the construction of contours. Secondly, the use
of triangles offers a relatively easy way of incorporating breaklines, faultlines
and other natural linear hypsographical objects.

Digital terrain models based on TINs allow for variable spatial
resolution, lend themselves naturally to interpolation procedures and make
dynamic rediscretization a real possibility. However, use of TIN-based
dynamic models has not been widespread, in part because of the increased
complexity of data structures and algorithm development in a TIN
framework (see Fig. 1).

In recent years, spatially distributed models of land surface processes, such
as runoff and erosion, have come into widespread use in the Earth and
environmental sciences. As these models grow in sophistication, the software
engineering effort required to implement them also expands. Therein lies the
need for portable, modular codes that can implement many of the basic
requirements of a distributed model in a flexible, efficient, and application-
independent manner.

|

(@) (b) ©

Fig. 1 — Three forms of interpolation used to transform discrete DEM cell values into
continuous surface models. (a) Proximal interpolation; (b) linear interpolation; (c) cubic
spline interpolation. (Wood 1999)

112



Terrain data

An analysis of scaling effects in DTMs evaluates whether data aggregation
is a useful spatial tool or whether it leads to an unacceptable loss of
information. Some issues concern the appropriate resolution of DTMs used to
derive surface inpuf parameters for environmental models. Investigations
involving commercially available terrain data sets with different horizontal
and vertical resolutions and systematically aggregated DTMs were presented
in many papers, for example, deriving a stream network and the contributing
subareas from a DTM with a distinct critical support area. By varying this
threshold area various watershed configurations were obtained. Terrain data
with different resolutions diverge in landscape representation and in the
derived parameters such as slopes, flow directions and channel networks.
Coarse DTMs show a smoother terrain and shorter flow paths than highly
resolved data. The contributing threshold area controls the extent of the
watershed configuration and therefore determines the drainage density.
These topographic and geomorphological features help to explain differences
in the runoff simulation results. Watershed configurations with a varying
extent of the channel network can be derived from a distinct DTM. These can
then be used to simulate surface runoff and the drainage densities of the
configurations correlated with the simulated runoff volume. A distinct
drainage density, however, does not necessarily lead to similar simulation
results when different DTMs are used. For example, since the hydrological
model permits reinfiltration, the runoff volume depends directly on the
lengths of the overland flow. Therefore, the mean length of the overland flow
paths might to a certain degree be considered as a scaling factor.

Catchment boundary interpretation using topographical maps depends
upon the representation of both altitude and water features. The level of
details of the topographic map is dependent upon the scale of mapping and
the compilation guidelines used by the mapping organisation. Thus, the
source map accuracy is known as it is a reliable guide to overall accuracy
(Miller et al. 1996).

Remote sensing data of the Earth’s surface is readily available in digital
format. These data are used for identifying certain features of interest in the
image with the assistance of computers. To identify a feature of interest we
not only have to classify individual pixels as belonging to a specific class, but
also identify a set of such pixels as a part of the feature.

Developments in digital photogrammetry have provided the ability to
automatically generate DTMs. Using overlapping imagery, dense grids of co-
ordinates can be collected at high speeds (150 points per second) with a high
level of accuracy. The trend towards using PC-based hardware, the
widespread use of GIS, and the forthcoming availability of high-resolution
satellite imagery over the Internet at ever-lower costs means that the use of
automated digital photogrammetry in terrain modelling is likely to become
more widespread.

Distributed models
Distributed models of surface processes such as runoff, vegetation growth,

soil erosion, forest fires, landscape evolution, and other processes typically
share a number of important features in common. All involve (VozZenilek 1996):
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— spatial division of terrain into discrete elements,
— storage of mass and/or energy within landscape elements,
— routing of flows of mass (e.g., water) and/or energy among landscape

elements, .

— dynamic updating of boundary conditions (e.g., rainfall input), and
— dynamic updating of state variables (e.g., soil moisture and surface
elevation) through time.

Often, the programming effort required to implement these features is non-
trivial and quite labour intensive, especially when the underlying spatial
representation is irregular. For example, the case of models based on
triangulated irregular networks. Although current GIS systems provide
sophisticated capabilities for spatial representation of data, performance and
other limitations make them wunsuitable for computationally intensive
dynamic (i.e.,, time evolving) simulations. Thus, to reduce software
development times and minimise duplication of effort, it would be
advantageous to develop application-independent modelling routines that
would provide the underlying space and time structure for distributed models
without dictating the processes or state variables.

3D spatial data models

3D spatial data models (i.e. based on the National Imagery and Mapping
Agency’s (NIMA) Vector Product Format (VPF)), are capable of supporting
high-resolution 3D representations of natural and man-made environments
with full 3D topology. The assumption that terrain has a single value at a
specified 2D location does not necessarily hold true. Structures such as
bridges, overpasses, tunnels, and the interiors of buildings cannot be
adequately represented using 2D topology. Therefore, a spatial data model
that supports 3D topology is needed.

Some previous work in the development of data models that support 3D
topology, from both the GIS and computer graphics communities have been
processed.

Surface forms

Many environmental models have been developed over the past decades.
However, relatively little is known about handling the effects of changing
spatial and temporal resolutions (Wood 1999). Therefore, resolution effects
remain a factor of uncertainty in many environmental modelling approaches.
In multi-scale studies of landscape process modelling an emphasis lays on
quantifying the effect of changing the spatial resolution upon modelling the
spatial processes (Schoorl, Sonneveld, Veldkamp 2000). Theoretical digital
terrain models eliminate effects of landscape representation. The only
variable factors can be DTM resolution and the method of flow routing, both
steepest descent and multiple flow directions. The general trend was an
increase of erosion predictions with coarser resolutions. An artificial
mathematical overestimation of erosion and a realistic natural modelling
effect of underestimating resedimentation is the cause of this. Increasing the
spatial extent eliminates the artificial effect while at the same time the
realistic effect is enhanced. Both effects can be quantified. They increase
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within natural landscapes. The modelling of landscape processes benefits
from integrating all types of results at different resolutions.

Wolock and McCabe (2000) compared terrain characteristics computed from
100- and 1 000-m resolution DEM data for 50 locations representing varied
terrain in USA. The topographic characteristics were three parameters used
extensively in hydrological research and modelling - slope, specific catchment
area and a wetness index computed as the logarithm of the specific catchment
area divided by slope. Slope values computed from 1 000-m DEMs were
smaller than those computed from 100-m DEMs. Specific catchment area and
the wetness index were larger for the 1 000-m DEMs compared with the 100-
m DEMs. Most of the differences between the 100- and 1 000-m resolution
DEMs were attributed to terrain-discretization effects in the computation of
the topographic characteristics and were not the result of smoothing or loss of
terrain detail in the coarse data. The differences in the average values of the
topographic characteristics computed from 100- and 1000-m resolution DEMs
were predictable; that is, biases in the mean values for the characteristics
computed from a 1 000-m DEM can be corrected with simple linear equations.

Drainage density defined as the total length of channels per unit area, is a
fundamental property of natural terrain that reflects local climate, relief,
geology, and other factors. Accurate measurement of drainage density is
important for numerous environmental applications, yet it is a difficult
quantity to measure, particularly over large areas. Tucker, Catani, Rinaldo
and Bras (2001) developed a method for generating maps of drainage density
using digital elevation data. The method relies on measuring hillslope flow
path distance at every unchanneled site within a basin and its analysing as a
random space function. As a consequence, they measured not only its mean
(which is half the inverse of the traditional definition of drainage density) but
also its variance, higher moments, and spatial correlation structure. This
yields a theoretically sound tool for estimating spatial variability of drainage
density. Averaging length-to-channel over an appropriate spatial scale also
makes it possible to derive continuous maps of drainage density and its
spatial variations. The study showed that the autocorrelation of length scale
provides a natural and objective choice for spatial averaging. This mapping
technique was applied to a region of highly variable drainage density in the
Northern Italy. The method is capable of revealing large-scale patterns of
variation in drainage density that are correlated with lithology and relief. The
method provides a more general way to quantitatively define and measure
drainage density to test geomorphic models, and to incorporate drainage
density variations into regional-scale hydrologic models.

Environmental models with DTM

Digital terrain models make it possible to quantify a topographic surface.
When new DEMs are generated from the same topographic surfaces with
certain increment in time it is possible to achieve measures of horizontal and
vertical surface displacement. The quantification of horizontal displacements
involves large computational efforts if the aim is the analysis of spatially
distributed velocity vectors (Etzelmuller 2000). The analysis of vertical
surface changes results in measures of the magnitude of vertical surface
changes and how vertical changes are distributed spatially over the
topographic surface studied.
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Fig. 2 - Terrain sensitivity through aspects derived from two different DTMs generated over
one data source

Terrain sensitivity depends upon many phases in process of DTM
generating — grid resolution, interpolation methods, parameters of
interpolation etc. (Wood 1999). Figure two shows terrain sensitivity through
aspects derived from two different DTMs generated over one data source. The
impact is distinct form histograms (see Fig. 2).

Various quantitative environmental methods have been developed for
characterising the morphology of surface (surface forms) (Evans 1972, Mark
1975, Elghazali and Hassan 1986, Fels 1995, Wood 1999, Vozenilek 1996) and
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for extracting hydrologic characteristics from DEMs (Jenson and Domingue
1988). However, since classifications of surface forms are not based on
morphology alone but also on the position of the land surface in relation to its
surroundings.

A method for land classification yields a quantitative index of landscape
position by evaluating elevation differences between a given point and other
model points within a specified search radius. The value calculated is the
mean of the distance-weighted elevation differences between a given point
and all other model points within a specified search radius. Greater positive
values indicate lower topographic positions (proximal to streams) and greater
negative values indicate higher landscape positions (ridges, summits) while
values approaching zero indicate mid-slope positions. Where relief is minimal
within the search radius, values will also tend to approach zero. The extent of
the search area is an important consideration, since the evaluation of position
is most meaningful when confined to a single landform. In principle, the
radius of search should be one-half of the fractal dimension of the landscape,
that is, one half of the ridge-to-stream distance in that landscape. Under such
circumstances, a point located at mid-slope position is evaluated with respect
to points extending from the stream at the bottom of the slope to the ridge at
the top of the slope. Average ridge-to-stream distance varies considerably
among different landscapes but is consistent within a particular region.
Estimates of ridge-to-stream distance are obtained for the various regions by
visualising digital terrain models within each region, measuring ridge-to-
stream distance for a number of typical surface forms, and taking the mean
of these measurements to obtain a representative value.

Impacting of terrain sensitivity to modelled results

An important component of the modelling approach are the digital terrain
models that form the basis of the Earth’s surface and stream networks that
are used to derive many spatial parameters. It is also important to estimate
the influence the importance of these parameters and to calibrate the model
accordingly (Wheeler, 1993). The sensitivity of surface runoff simulations to
watershed configurations can be studied with synthetic storms and by means
of an infiltration excess runoff model.

The main source for catchment-wide terrain models in the Czech Republic
are contours digitised from 1:10 000 paper maps at contour intervals of 1 — 5
metres. There are a number of options for the production of a DTM from
digitised contours, including triangulated irregular networks, inverse
distance weighting or kriging. Each of the methods themselves have a
number of options available, such as a choice of algorithms, the value of
controlling parameters and the selection of spatial lags and resolutions. There
are questions how faithfully these methods represent the environment
(Maidment 1996) and how they influence modelling results. This has resulted
in a requirement for systematic studies into the most suitable terrain
representation to use in conjunction with other spatial datasets (Maidment
1993). In general, a sensitivity analysis establishes the effect of the different
available techniques on any model outputs. The analysis takes into account a
representative range of the current terrain modelling techniques available
and their interaction with different surface forms. The results of the analysis
cann be used to make an appropriate selection of techniques for DEM
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production for many regions, and to give an indication of the sensitivity of the
environmental hazard models to errors and generalisations due to the DEM.
It is envisaged that the information gained from sensitivity analysis provides
a useful set of guidelines for future projects that wish to use these techniques.

Most studies on the use of physically based hydrological models have
identified saturated hydraulic conductivity as one of the most sensitive input
parameters. However, it is also one of the most difficult landscape properties
to measure accurately, casting doubt on the ability of modellers to estimate
this parameter for catchment simulations. Several studies have shown that
conductivity estimates are greatly influenced by the measurement method
used, primarily because of scale effects (Beven ed. 1997). The effect of
conductivity measurement method can be evaluated on catchment
simulations aimed at predicting water yield from forested catchments.
Method highlights the need for caution when applying soil hydraulic
measurements to catchment-scale models (Davis, Vertessy, Silberstein 1999).

Terrain sensitivity depends upon grid size of raster DTMs which influences
the representation of drainage areas and local slopes derived from DTMs.
Catchments tend to increase and local slope decreases with increasing grid
size. For example different grid size DTMs created from the contours
illustrate profound shifts in the spatial distribution of predicted landslide
hazards (Montgomery, Dietrich, Sullivan 1998).

Conclusion

With the increasing use of GIS and availability of DTMs, the quantification
of surface changes is of high interest, not only in geomorphology. Surface
changes are normally estimated by taking the differences of more DTMs,
which is a complicated operation with respect to error propagation. Thus,
high-resolution DTMs with high accuracy are necessary to derive statistically
reliable differential surfaces that give a spatial picture of surface changes. In
the case of low magnitude geomorphologic changes or poorer DTM quality,
spatial averaging and statistical analysis are suitable to estimate surface
changes, at least quantitatively. The principles of terrain parameterisation
and landform classification are very useful in the analysis of surface changes.

DTM grid size fundamentally constrains the role of physically based
models in real environments. However, minor misrepresentation of terrain
common in DTMs can seriously impact the predictions of environmental
process models. The headwaters, for example, can flow into different
watershed. Reducing the elevation of a single pixel in the original raster DTM
corrects misrepresentation. In general, the terrain-discretisation effects are
greatest on flat terrain with long length-scale features, and the smoothing
effects are greatest on steep terrain with short length-scale features.

Uncertainty in the compilation of altitude or hydrological details on the
source map influences the quality of the interpretation of a catchment
boundary. Thus, the principle is that reliability of the boundary delimitation
ultimately depends upon the integrity of the map, either in graphical or
digital form. Validity of the boundary interpretation can also vary according
to the land cover and land use.

The level of generalisation of the contours has a significant impact on the
reliability with which a boundary may be delimited. Aggregation methods,
aggregation level and the geometry of source data cause considerable
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differences in estimating of surface forms, environmental characteristics and
ultimately affect the various model outputs.
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Summary
CITLIVOST RELIEFU V MODELECH ENVIRONMENTALNICH JEVU

Citlivost reliéfu (terrain sensitivity) je schopnost reliéfu ovlivnit vSechny prvky v procesu
zpracovani reliéfu. Citlivost reliéfu je zptisobena generalizovanym vyjaddfenim zemského
povrchu v digitdlnich datovych modelech.

Vétsina environmentalnich jevi je v krajind pfimo nebo nepiimo vazdna na zemsky
povrch. P jejich simulaci v modelech rtizné abstrakce a rtizné podrobnosti dochézi k ovliv-
néni vystupl vlastnostmi vyjadfeni reliéfu v modelu, tzn. jeho citlivosti. Tyto environ-
mentdlni modely vyuZivaji digitdlni reprezentace reliéfu v digitdlnich modelech reliéfu
(DMR). Bé7né jsou vyuzivany oba zdkladni druhy DMR, to rastrovy grid i vektorovy TIN.
Citlivost reliéfu v modelech environmentdlnich jevd zdvisi na vSech fazich zpracovani
povrchu, poéinaje vybérem zdrojovych dat p¥es stanoveni rozlieni, interpola¢nich metod
a jejich parametra atd.

Environmentélni modely obsahuji také nejriznéjsi odvozené parametry, napiiklad
morfometrické charakteristiky a tvary reliéfu. Rada studii (nap¥. Wolock, McCabe 2000,
Tucket a kol. 2001) diskutuje o vhodnosti uZiti zdrojovych dat pro vyjadieni reliéfu. Jsou
viak uvaZovany jiz generalizované zdroje vysSkovych dat (vrstevnice), zatimco k pfes-
néj8imu vyjad¥eni reliéfu a ke snizeni vlivu nep¥esné vyjadieného reliéfu je nutné pouzivat
hypsometrickou reprezentaci pokud mozno co nejblizsi k primarnim zdrojim vy$kovych
dat.

Obr. 1 — T¥i zpusoby interpolace pouzivané k transformaci hodnot diskrétnich DMR do
spojitych povrchovych modeld: a) proximélni interpolace, b) linedrni interpolace,
c) interpolace kubickych splajni

Obr. 2 — Citlivost reliéfu v orientaci svahd odvozenych ze dvou odlisnych DMR
vygenerovanych nad stejnym zdrojem dat
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EU ENLARGEMENT AND THE PUBLIC OPINION ON THE
CZECH REPUBLIC: AN EXPLANATORY ANALYSIS

P. Dostal: EU enlargement and the public opinion on the Czech Republic: an
explanatory analysis. — Geografie — Sbornik CGS, 107, 2, pp. 121 — 138 (2002). The article
provides an analysis of the public opinion in EU countries on the anticipated Czech
membership. Public opinion and mass interest articulations are central to studies on
European integration. Macro-geographical structure of the EU and its enlarged periphery
of associated countries is examined in order to derive basic explanatory assumptions. The
differentiation in the support for the Czech membership is explained with the help of
structural variables and public opinion variables. Statistical analysis (LISREL model)
shows the importance of post-materialist value orientation of the EU populations for their
support given to the enlargement with the Czech Republic. The public in rich and large
countries and in French-speaking parts of the EU tends to give less support for the Czech
accession indicating that a strong integrative sense of a larger European community still
has to emerge. .
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1. Introduction

For Europeans and also for many people from other parts of the world the
collapse of the geopolitical divide of the Iron Curtain at the end of the 1980s
brought a fundamental change of historical importance. Perhaps the most
important change since the end of the Second World War. As an inevitable
consequence of this collapse, there started complex processes of redrawing the
map of Europe thereby changing the basic geopolitical and geo-economic
organisation of the continent structured in a historical core of the European
Union, its old and new semi-peripheries and, importantly, its periphery that
has included since the fall of the Iron Curtain a large number of old, new or
restored post-communist countries. Many people were surprised by the
rapidity and easiness with which this geopolitical and developmental
redrawing of the map of Europe took place (see also Ash 1993; Dostdl, Hampl
1996). .

By the end of the 1990s, anticipated eastern enlargement 