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Preface 

Development and status of landscape ecology - subject of this book 

During the last decades, landscape ecology has developed tremendously. 
It concerns both the theoretical basis and practical application. The roots of 
landscape ecology are geography and biology. The term "landscape ecology" 
was first coined by the German scientist Carl Troll in 1939. ünce, the devel­
opment center of landscape ecology was in Central Europe. Recently, also 
other parts of the world became powernd centers of landscape ecology, es­
pecially Northern America. American approaches partly differ essentially 
from the European, because they are focused esp. on biogeography and 
population dynamics. In Europe, however, the geographical roots of land­
scape ecology playamajor role. Landscape is defined as a complex of 
abiotic, biotic and human components. Mainly due to linguistic barriers, the 
international discussion does not take notice of approaches and experiences 
from non-anglophone countries in a sufficient manner. Therefore this book 
considers more the German and European views on landscape ecology than 
the books which were published before. It tries to bridge the gaps between 
theory and practice of landscape ecology, as well between the Ger­
manlEuropean and American approach es. 

The book gives a fundamental representation of landscape ecology, 
which proves to be a young, but an interesting and very important transdisci­
plinary science for the solution of environmental problems. Both the theo­
retical basis and practical application of landscape ecology are considered. A 
great value is attached to describe approaches and experiences from Ger­
many and Central Europe, and to discuss them in an international context. 
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This book is addressed to landscape planners, landscape managers, land­
scape conservationists and landscape architectures, to biologists and geogra­
phers, to colleges, universities, authorities and to the general public being 
interested in ecological issues. Among the themes are e.g. the roots and the 
position of landscape ecology, problems of scale and dimension, landscape 
analysis, diagnosis, potentials, evaluation, change, prognosis, landscape 
complexes, landscape functions, landscape boundaries, tools like remote 
sensing and information systems, landscape mapping, landscape monitcring, 
landscape planning, and nature conservation. 
Present status of Landscape Ecology in Germany: Important centers 
and major themes 

Due to the different roots of landscape ecology and due to the distinctive 
trend to specialization, landscape ecology is practiced now in a wide field of 
basic as well as applied research. Since many decades single factors and 
structures of agricultural, forest and lacustrine ecosystems have been inves­
tigated at different research institutes. Below a selection of landscape related 
research groups and institutions with their thematic focus is given. 

Center for Environmental Research Leipzig-Halle (UFZ; http://www.ufz.de) 
Established in response to the heavily contarninated landscapes in Central 
Germany, the UFZ is now a recognized center of expertise on the clean-up 
and renaturation of polluted landscapes, as well as the preservation of land­
scapes close to nature - and not just in central Germany. Hence the UFZ will 
continue to address not purely technical, environmentally relevant measures, 
but instead place emphasis on scientific themes which bear relevance to eco­
logical and sociological concems, as weIl as economics and environmental 
law. 

Center for Agricultural Landscape and Land Use Research Müncheberg 
(ZALF; http://www.zalf.de) 
The primary scientific objective of the ZALF is to analyze, evaluate and pre­
dict processes (including their interactions ) in agricultural landscapes of the 
Northeastem German lowlands. Based on the knowledge of functional rela­
tionships within ecosystems, concepts for the use, organization and rehabili­
tation of landscapes are worked out. 

Ecology Center of the Kiel University (ÖZK, http://www.ecology.uni­
kiel.deD 
Primarily the ÖZK realizes integrative tasks in the field of basic ecological 
research and in the field of applied environmental research. The Ecology 
Center performs a tight network retween different ecological disciplines in 
research and education. The cooperation with other universities, research 
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centres as weH as economic enterprises and administration plays also an im­
portant role. 

Forest Ecosystems Research Center Göttingen (FZW; 
http://www.gwdg.de/-fzw/index.htm) 
The Forest Ecosystems Research carries out research into structural dynam­
ics and element recycling processes in sylvan ecosystems as weH as into the 
adaptability of forests in the face of environmental change. This includes 
study of the interaction between the ecosystems and their environment and 
the new types of forest damage. Last but not least, these investigations also 
lead to an appraisal of commercial feasibility. 

Bayreuth Institute for Terrestrial Ecosystem Research (BITÖK; 
http://www.bitoek.uni-bayreuth.de ) 
With an interdisciplinary and integrated research program BITÖK is focused 
on the quantification of matter fluxes between the different ecosystem parts 
as weH as between ecosystems and their environment. 

National Research Center for Environment and Health Neuherberg (GSF; 
http://www.gsf.de) 
The task of GSF is the performance of research to ensure human health and a 
healthy environment. They carry out investigations into the complex systems 
supporting life at the reactive interface between environmental influences 
and genetic predisposition. Their objective is the identification of risks to 
human health and of those threatening the ecological balance, the evaluation 
of the limits to the burden which we can place upon our environment, and 
the creation of concepts to help us to avoid long-term damage to this vital 
resource. 

Research Association Agricultural Ecosystems Munich (F AM; 
http://fam.weihenstephan.del) 
F AM aims at a the long term investigation of the ecological effects of two 
different management systems within alandscape. Thereby ways of land 
management unifying economic land use with maintenance and reestablish­
ment of natural living basics within agricultural landscapes should be 
pointed out. 

Saxon Academy of Sciences, Working group on Natural Balance and Re­
gional Characteristics (http://www.ag-naturhaushalt.de ) 
This working group deals with long term investigation of landscape changes. 
The group revelops and tests different registration and assessment methods 
to specify and predict status, functioning, carrying capacity and resilience of 
landscapes in different dimensions. The focus is also on the analysis, evalua­
tion and monitoring of human influences on structures and functions of land-
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scape. Changes of landscape performances are especially taken into consn­
eration by means of indicators, landscape fimctions and natural potentials. 

There is also a new tradition in educating landscape ecology as weH as 
geoecology at German universities since more than ten years. Until this time 
landscape ecology has been taught at universities - but in most cases as a 
part of physical geography or seldom as a part of biology. But due to the 
complex environmental and societal problems that became obviously within 
the last decades, a great request for "specialists for the whole" has been pro­
nounced. The foHowing table gives an overview: 

Study course 
Landscape 
Ecology 

Geoecology 

University 
Greifswald (http://www.uni-greifswald.de/~alg­
stud/sglfachbesc/laoek.html) 
Münster (http://www.uni-muenster.delRektorat/studium/stud-lok.htm) 
o ldenbur& (http://www.uni-oldenburg.de/biologie/studium/loek.htm ) 
Bayreuth (http://www.geo.uni-bayreuth.de/fachgruppe/ geooekl) 
Braunschweig (http://www.tu-bs.de/institute/igg!) 
Karlsruhe (http://www.bio-geo.uni-karlsruhe.de/ifggl/main.htm) 
Tübingen (http://www.uni-tuebingen.de/geooekol) 
Potsdam (http://www.uni-potsdam.de/uiGeooekologielindex.htm ) 
FreibeIR(http://www.ioez.tu-freiberg.de/geo/index.html) 

Furthermore, a lot of chairs/professorships on landscape ecology are ex­
isting at traditional universities as weH as at universities of applied sciences 
too. 

Traditions of IALE in Germany 

There is also a long tradition in German collaboration within the Interna­
tional Association for Landscape Ecology (IALE). Lots of Germans partic i­
pated at the VIth International Symposium on Problems of Landscape Eco­
logical Research (October 21-26, 1982) in Piestany/CSSR where the Inter­
national Association for Landscape Ecology (IALE) has been established. 
The establishment of IALE just in the CSSR expressed recognition not only 
to the Czechoslovak science but also to landscape ecological research in the 
East European Region too which laid foundations of the development of 
international cooperation in this direction. Extensive possibilities of mutual 
communication of landscape ecologists at the international level have been 
created. Unfortunately a lot of endeavors from East Germany - the former 
German Democratic Republic - to active cooperation within IALE remained 
unavailingly - especially with respect to Western Regions. It was confined 
to contacts between selected sections e.g. in Roskilde/DK. So there was a 
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specific situation in Germany: There were two separate regional sections in 
Germany: Karl Friedrich Schreiber (Münster) established a regional section 
in Western Germany and organized among other things the International 
IALE conference "Connectivity in Landscape Ecology'" in Münster July 
1987 whereas the IALE activities in the former GDR remained more or less 
informal. The situation changed obviously after 1990. A lot of contacts had 
been revived between single persons as weH as between research groups and 
organizations - first within the formerly separated parts of Germany and af­
terwards between (Eastern) Germany and the other countries. Up to 1998 
there was no real German IALE Section. In the IALE directory compiled by 
Rob Jongman in December 1997 29 German members are registered (10 of 
them coming from the former GDR). In spring 1998 there was an initittive 
by Günther Schönfelder to (re-)establish a German Regional IALE Section. 
This initiative has been supported by Jesper Brandt and Rob Jongman who 
participated in this meeting in Leipzig as representatives of the international 
organization. The working principles for the re-establishment of IALE-D 
were adopted at the foundation meeting in May 1999 in Basel. Meanwhile 
IALE-D has over 100 members and can review three years of active work on 
the national as weH on the international level. The first annual IALE-D meet­
ing was organized by Roman Lenz in Nürtingen 2000 and has been titled 
"The Future of the European Cultural Landscapes" . Michael Kleyer arranged 
the meeting in 2001 in Oldenburg focused on the theme "Landscape as an 
Habitat". And the meeting in 2002 to be held in Dresden will attend to the 
relationships between landscape science and landscape (planning) practice. 
Representatives of German landscape ecology have all played an active role 
in international congresses too (e.g. INTECOL congress 1998 Florence, IT; 
IALE World Congresses 1991 Ottawa, Canada, 1995 Toulouse, France and 
1999 Snowmass Village, USA; European IALE congress 2001 Stockholm, 
SlTartu, EE). They treat essential parts in international research projects too. 



Foreword by Zev Naveh 

My first acquaintance with landscape ecology in Germany reached back 
to 1968, thanks to a visit of the late Heinz Ellenberg in Göttingen. He intro­
duced me to two of bis former students who have become meantime leading 
landscape ecologists: Wolfgang Haber from the Agriculture School at Wei­
henstephan of the Technical University of München (Münich), and Karl­
Friedrich Schreiber from the Department of Geography at the University of 
Münster. H. Ellenberg was undoubtedly at that time the most influential 
German ecologist who released German phytosociology from its fixation on 
plant species composition and on deterministic successiün-to c1imax COIl­

cept. He developed the methodology üf ecological indicators and was one of 
the first German ecologists realizing the active and many times positive role 
of humans in shaping their cultural landscapes. He also introduced the eco­
system concept into Germany with humans as integral parts of it, and init i­
ated the first multidisciplinary ecosystem research project at the Solling for­
est. No wonder that as a forward-Iooking, holistic geobotanist and ecologist, 
he recognized very early the great importance of landscape ecology and 
paved the road for bis students to join forces with geographers, landscape -
planners and managers, laying the foundations für the new discipline of 
landscape ecology in Germany and Central Europe. 

A1ready then I was impressed by the broad scope of German landscape 
ecology, being taught, studied and practiced in a great variety üf academic 
and professional institutes. These dealt in one way or the other with "Land­
schaftspflege" (landscape care) which was at that time a popular term for all 
phases of landscape planning, resign, management, conservation and resto­
ration. I could therefore very soon recognize the unique value of landscape 
ecology as a transdisciplinary science on its own rights, and not just as an 
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emerging sub-discipline of ecology and/or geography. Since then several 
other synthetic and transdisciplinary environmental "eco-sciences" have 
emerged, such as ecological economy, ecological sociology, eco-psychology 
But German landscape ecology was most probably the first environmentally 
oriented meta-discipline, tanscending beyond the narrow borders of the 
natural sciences. This is very weIl reflected in the contents of this important 
anthology. 

In recent years German landscape ecology has made great strides. It has 
stretched its wing farther into many more diverse academic and professional 
institutes and has both deepened and broadened its theoretical premises and 
advanced its methodology, in line with the great progress achieved in the 
sciences of complexity and computerized information. Many of these 
achievements are presented in a rather comprehensive and systematic way in 
this volume, and its editors, Uta Steinhardt and Olaf Bastian can be compIi­
mented for their efforts to make them available in this first, weIl organized 
and comprehensive English compilation. It presents chiefly the contributions 
of the "second generation" of German landscape ecologists, building on the 
sound foundations of the "fathers" of landscape ecology in the former West 
and East Germany and in Switzerland. 

Judging from its content, it is evident that the majority of the. active insti­
tutes mentioned and most of the contributors have a geographical back­
ground. One reason for this could be the fact that not all of the younger gen­
eration of ecologists followed the example of Ellenberg, encouraging their 
students to get into the field of landscape ecology, because it was regarded 
by them only as a second grade "applied science". At least this was the rea­
son given by one of the most prominent German ecologists and the editor of 
the German Ecological Series of Springer for rejecting the publication of a 
German version of the English Springer book on landscape ecology (Naveh 
and Lieberman 1984), enriched with a special chapter by W. Haber. 

Also in this book landscape ecology is regarded sometimes as "an applied 
science". This unfortunate distinction between higher-level, more respectable 
"basic sciences" and second grade "applied sciences" has lost much of its 
credibility. In view of the serious threats for the future of organic life on 
Earth, which were first revealed almost forty years ago, Frank Egler, one of 
the first great, farsighted holistic ecologists, has called ecology "the science 
for survival". This is certainly true also for landscape ecology. Its subject is 
the study of landscapes as the tangible structural and functional matrix for all 
living organisms (including humans), their populations and ecosystems. 
Therefore its major challenge should be helping to overcome the present, 
severe ecological crisis by ensuring the future ofhealthy, attractive and pro­
ductive landscapes, in which both natural and human life can flourish. For 
the provision of practical solutions to this crisis landscape ecology has to be 



ZevNaveh XXlll 

both a problem-studying science and "applied" problem-solving oriented 
science. This anthology is pro vi ding convincing proof that this cannot be 
accomplished without developing its own, sound conceptional and theoreti­
cal basis. Therefore instead of calling landscape ecology an "applied sci­
ence", contemporary landscape ecology, could be mlled a "crisis-solving 
oriented science" . 

In this volume, the major issues of contemporary German landscape 
ecology are presented in seven chapters, each one subdivided into several 
subchapters by different authors. As could be expected from the above­
mentioned different backgrounds of these authors, they differ sometimes in 
their terminologies and approaches. But they are all united in their holistic 
view of landscapes and landscape ecology realizing it as problem-studying 
and solving oriented transdiscip linary science. These chapters are accompa­
nied by an admirable collection of relevant photos of landscapes from all 
over the world, all taken personally by Olaf Bastian and they contain a great 
number of instructive models and figures. The references cited are not Ie­

stricted only to the specific German context, but deal with landscape ecology 
and all other relevant themes on an international and interdisciplinary scale 
which is, unfortunately not achieved by most of the other recent English 
landscape ecological publications which appeared recently. 

Before dealing briefly with its contents, I would like to make some criti­
cal remarks on the term "geo-ecology" mentioned often in this volume as a 
synonym for landscape ecology. Thanks to the strong German geo-botanical 
tradition and the influence of geo-sciences, much attention is, rightly, paid in 
alm ost all chapters to the geomorphological and pedogenic landscape attrib­
utes, which are often neglected by so many "modem" ecologists. However 
this does not justiry the reduction of the science of landscape ecology into 
"geo-ecology". As shown very lucidly in this volume, landscape ecology has 
to deal in a holistic way with landscapes as complex systems in which natu­
ral geospheric and biospheric processes are closely interwoven with noo­
spheric human mind events, to be studied jointly by geo-bio-and human eco­
logical tools. The kind of landscape ecology presented here is therefore 
much more than "geo-ecology" and should not be coined as such. 

The first chapter provides a thorough description of German landscape 
ecology "from the roots to the present". It introduces among others the 
"Neef School of Landscape Ecology", called after the prominent geogra­
pher who established a very creative landscape ecology research group in the 
Saxonian Academy of Science in Leipzig and Dresden. Developing inde­
pendently in East Germany, it had also great influence on the development 
of landscape ecology in other East European countries. However, because of 
the Iron Curtain it was even less known than its western German counterpart 
in the English speaking world. 
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In both countries the ecotope became the basic landscape study unit, 
functionally corresponding with the ecosystem. Therefore it seems superflu­
ous to create an additional term of "landscape ecosystem". In their efforts for 
comprehensive research methods of ecotopes along horizontal - geographic­
and vertical- ecological - scales, German landscape ecologists developed 
several other, useful concepts, such as differential and complex site analy­
sis, landscape ecological catena, landscape balance capacity and others. 

To the important subject oftransdisciplinarity as special subchapter has 
been devoted by B. and G. Tress. Following the great systems philosopher 
and planner, Erich Jantsch, they outlined the differences between multi-inter­
and transdisciplinarity in landscape ecology. They maintain that holistic 
landscape research requires a transdisciplinary approach, bridging between 
the traditional scientific disciplines and between science and society. This is 
part of the new meta-disciplinary landscape ecology, as opposed to the COIl­

ventional disciplinary landscape ecology, based on the more loosely COIl­

nected geographical and ecological multidisciplinary approaches. They pre­
sent the Total Human Ecosystem as the complex sum of all landscapes, 
interacting with human beings and as the conceptual supra-system for the 
geosphere, biosphere and noosphere. Here it is worthwhile to add that we 
regard solar energy -powered biosphere lands capes and human- made fossil 
fuel powered technosphere lands capes as the concrete three-dimensional 
systems of our Total Human Ecosystem (Naveh and Lieberman 1994, Naveh 
2002). 

In the concluding subchapter M. Potschin provides some interesting eh­
servations on the contrasting views of landscape ecology by German, USA, 
Canadian and UK scientists. In her opinion, this diversity by itself is not a 
problem, as long as we consider it in a broad inter-transdisciplinary context 
and as its unique feature of "a movement that seeks to transcend traditional 
subject boundaries and understand environmental patterns and processes in a 
broader context." 

The further chapters dive more deeply into the conceptual and methodo­
logical framework of German landscape ecology and some of the above­
mentioned terms are further developed. In chapter 2, a new term "econ" is 
suggested by J. Löffler as the smallest definable spatial unit ofthe landscape 
complex, as a representative part of the mappable ecotope. U. Steinhardt 
presents several other new "landscape ecological paradigms" namely corre­
lation-hierarchy-polarity, which should be essential parts of transdiscipli­
nary landscape ecology, 

The unique methodology of the three steps of landscape analysis, syn­
thesis and diagnosis, as one of the major cornerstones of German landscape 
ecology, are discussed in the following chapter in a very thorough manner 
and with many relevant examples from the extensive studies carried out by 
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the authors of this chapter. Here the importance of the ecotope concept re­
comes very obvious, because the whole methodological procedure of land­
scape analysis within the topological dimension is based upon it. These are 
complemented by the authors of this volume with a critical review of the 
contribution of indicators to landscape analysis and an interesting compari­
son with that carried out (by only a few!) landscape ecologists in the USA. 

The next chapter is devoted to landscape changes and monitoring, in­
cluding a future-oriented contribution on landscape prognosis by C. 
Beierkuhnlen. 

In chapter 5 landscape assessment is discussed very lucidly and in 
much detail in relation to ecological carrying capacity and stability, natu­
ral potentials and functions. Here, like in the previous chapter it s very 
evident that German landscape ecologists pay much attention to basic 
ecotope site factors as affected by human land use and are not concerned 
very much with landscape heterogeneity and its mathematical formalization, 
which has little practical value for resolving the pressing ecological prcb­
lems of their landscapes. On the other hand, important mathematical models 
are suggested for multi-criteria optimization to reconcile between different 
goals, functions and their evaluation. 

The transdisciplinary nature of landscape assessment is very apparent in 
the important contribution by E. Panse on lands cape perception and aes­
thetics. In this subchapter, like in the previous ones, the theoretical and eps­
temological discourse is closely coupled with practical problems, and in this 
case with landscape planning and design. Here, as far as known to me, for 
the fIrst time in alandscape ecological publication, the problem of the siting 
of "wind parks" is elaborated. Their importance is growing rapidly together 
with the increasing demand for cheaper alternatives of "green energy" sup­
ply. Landscape ecologists and planners will have to deal more and more with 
the implications of the present transformation from the industrial to the n­
formation society and the dilemma arising between the conservation of open 
land for recreation and nature parks on one hand, and the need of large areas 
for such regenerative and non-polluting solar and wind energy installations. 

In chapter 7 problems of landscape mapping, GIS and remote sensing 
are critically reviewed. Although these methods, like those in the previous 
chapter are applied in general by all landscape ecologists, their comprehen­
sive treatment in these chapters, enriched by many references from German 
studies, will be a most valuable contribution to the development and in­
provement of our most important holistic tools for landscape study, planning 
and management. 

The last chapter on applications of landscape ecology is the longest one; 
embracing the broad scope of problem-solving oriented landscape research 
in which German and Swiss landscape ecologists are involved presently. It is 
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very characteristic for the transdisciplinary conception of the editors and au­
thors of this volume that instead of plunging directly into the practical land­
scape aspects of planning, farmin g, tourism, nature and culture conservation, 
sustainable development of urban regions, urban ecology and restoration 
ecology, this chapter is opened by more fundamental and principal aspects. 
The fIrst subchapter by K. Ott on landscape ethics and sustainability is a 
timely reminder that all these activities of landscape study and management­
as weIl as those discussed in the previous chapters- should be guided by a 
philosophicallandscape ethics of what should be done and what should be 
its overarching and fnal goal. For this goal we have now, fortunately a 
generally accepted tenn, namely sustainability in its broadest, ecological 
and cultural and social sense. 

In a similar vain, in the following subchapter on, O. Bastian defInes the 
essential ecological and aesthetic objectives and target systems in space 
and time scales which should be visualized as guiding pictures ("Leitbilder" 
in German). 

In the very last subchapter ofthe book A. Bosshard rises again an impor­
tant fundamental principle for landscape ecology, namely participation of 
different actors in the lands cape. He maintains that participation in its ef­
fective, fundamental sense, based on the epistemological principle of com­
plementarity, includes the conviction that participative solutions will be bet­
ter than planning, resulting from the contributions of a few planners or bi­
ologists. 

Here it should be added that in order to reach such participation, land­
scape ecologists should not be consented to publish their results as "seman­
tic" information in scientifIc books, journals and reports, but should transfer 
them in to more useful "pragmatic" information -senso Weizsaeker (1974), 
which becomes meaningful by its effects on the receiver and its expressed in 
its action. 

In concluding, it seems to me the editors and the many other contribu­
tors have succeeded to present in this anthology a comprehensive state of the 
art of German landscape ecology, its conception, methods and heir applica­
tion. This will, undoubtedly, open new vistas for all those who are ready 10 

accept new ideas to enrich and improve their own work. In my opinion, there 
are three major consequences which can be drawn from this volume: 

1. Landscape ecology is a synthetic science in which theoretical and prac­
tical aspects are closely interwoven by synergistic, mutually amplifying n­
teractions. 

2. Landscape ecology is not a "virtual science" which can be carried out 
merely by sitting behind the computer in an air conditioned offIce. It is fIrst 
of all a field science, by which the basic bio-geo-and human ecological data 
have to be collected. But their evaluation and synthesis has to be carried out 
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with the help of the most advanced and sophisticated tools provide presently 
by the information technology. 

3. Landscape ecology should not be considered merely as a scientific and 
technical field, rooted in the natural sciences, as implied by "geo-ecology". 
As a transdisciplinary science. It has to include also the socio-cultural 
realms, as integral parts of every landscape, rooted in the social sciences and 
humanities. 
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Chapter 1 

Landscape and landscape ecology 

H.-J. Klink, M. Potschin, B. Tress & G. Tress, M. Volk & U. Steinhardt 

1.1 The landscape concept (What is alandscape?) 

The question: "What is alandscape?" is problematic. The clifficulty asso­
ciated with the question has its roots in the "normality" of the term "land­
scape" , because it is part ofthe colloquial speech. This situation is compara­
ble with those we face when dealing with the words "environment" or "rec­
reation" - everybody "knows" what the words mean but they have their own 
special definitions and opinions about the concepts. We find the same diffi­
culty in the scientific community when they deal with landscape related re­
search topics. If we consider "landscape ecology" which consists of several 
different disciplines, we find several different definitions for the term "land­
scape" in the literature. The definition often depends on the "working scale" 
of the sub-discipline or the particular focus. We therefore consider here the 
historical development of the term "landscape" in the context of European 
Landscape Ecology. 

From the beginning, the understanding of the term "landscape" is related 
to the perception, observation and view ofthe environment or living space of 
man. Asking a seven-year old boy-child about his definition, he listed: " ... a 
lot of pasture, a couple of trees, forest, plants, animals, farm land, NO (!) 
towns, a river and a lake", which shows also this mentioned perceptional­
aesthetic view. Naveh and Lieberman (1994) noted the first "visual-aesthetic 
connotation" of landscape in the book of Psalms (48.2) as, perhaps, the earli­
est reference to "landscape" in world literature. 

In spite of the changes in meaning that the term "landscape" has under­
gone this "original visual-perceptual and aesthetic" theme has been adopted 
both in literature and art, and is still used by many people involved in land-

O. Bastian anti U. Steinhardt (eds.j, Development anti Perspectives oJ Landscape Ecology, 1-47. 
© 2002 Kluwer Academic Publishers. Printed in the Netherlands. 
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scape planning and design, and by gardeners" (Naveh and Lieberman 1994). 
In contrast to North American approaches, in European Landscape Ecology, 
"landscape" is mostly treated as a system, as a holistic concept that takes in 
the interrelations between biotic and abiotic components, as weil as the hu­
man impact upon them. As a result, the analysis of landscape requires an 
integrated approach (Figure 1.1-1). 

Figure 1.1-1: Landseapes eomprehend both the abiotie and the biotie eomponents, as weil as 
land use: View ofCres (Croatia) (Photo: 0. Bastian 2001) 

A. v. Humboldt, the great German geo-scientist, defined "landscape" in 
the early 19th Century as "the total impression of a[n] earth region" . Most of 
the landscape ecologists within geography believe that this definition is re­
lated to the landscape as a whole. With the development and specialization 
of the branches of geo-sciences during more recent times, this view has been 
seen as more and more "narrow". 

Russian geographers, for example, have approached given a much 
broader interpretation of the concept of landscape, including both biotic and 
abiotic components. Troll (1970) himself defined landscape as "the total spa­
tial and visual entity of human Iiving space, integrating the geosphere with 
the biosphere and its noospheric man-made artifacts" (Naveh and Lieberman 
1994). In 1939, Troll coined the term "landscape ecology", using the idea to 
stimulate co-operation between geographers and biologists using aerial pho­
tographic interpretation of landscapes (Troll 1939). In doing so, Troll hoped 
to fulfill his vision of a unified field of earth and Iife research, a new branch 
of "ecoscience". In Germany, the geographers who took up "Troll's" Land­
scape Ecology developed the idea of an integrated landscape view further, 
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both theoretically and philosophically. Discussions about the definition of 
landscape were closely related to the discussion about the definition of geog­
raphy itself (Turba-Jurczyk 1990). It should be noted in this context that in 
Germany "ecological" landscape research was carried out before Troll 's time 
(1939). Studies such as those of Penck (1924, 1941), for instance, had al­
ready posed questions at the beginning of the 20th century about the carrying 
capacity of the earth, and Pass arge (1912) talked about landscape physiol­
ogy (Finke 1994). 
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Figure 1.1-3: Landscapes are parts ofthe earth surface wilh an uniform structure andfunc­
tional pallern: Cereal jields in the Morilzburg Small Hili Landscape (Saxony, Germany) after 
the harvest (Photo: 0. Bastian 2001) 

nature (nature area, natural system) landscape (culturallandscape) 

Figure 1.1-4: The landscape concepl: According 10 Neef 1967 and Haase et al. 1991 land­
scape can be dejined as apart of Ihe earth's surface signed by the natural conjiguration and 
superimposed by human intervention 

The development of Landscape Ecology within geography depends also 
directly on the discussion about the definition of the term landscape (Barteis 
1968, Bobek and Schmithüsen 1949, Neef 1967, Schmithüsen 1963, Turba­
Jurczyk 1990). Neef (1967) defined landscape as " ... an integrative structure 
and identic process texture characterized special part of the earth surface " , 
which can be counted as still valid today (Bastian and Schreiber 1999, Fig­
ure 1.1-3). Hence landscapes comprehend both the abiotic and tbe biotic 
component, as weil as land use (Figure l.l-2 and 1.1-4). Land use acts as 
an interface between natural- and socio-economic systems. Landscapes are 
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subject to permanent changes and development due to the natural processes 
taking place in them and their human use. This use of landscapes results 
from the working and Iiving activities of people (Figure 1.1-5). 

..... transport and communication 

Figure 1.1-5: Basic human needs: fundamental human activities that are immanent in all 
sodal ranks and that can be measured tempo rally and spatially. The number of basic human 
needs depends on the cultural group as weil as the epoch. Our basic human needs are living, 
working, feeding, recreation and education within communities. Transport and communica­
tion are not considered as basic human needs, although they are essential activities for their 
realization 

The overlay of social demands on nature results from the aspirations of 
people and complex socio-economic interactions. As a result, the produc­
tion-oriented use of landscapes leads to or contributes to very different envi­
ronmental stresses. These include the greenhouse effect and depletion of the 
ozone layer, eutrophication, acidification, toxic contamination, the loss of 
biodiversity, pollution and consumption of soil, water, forest and marine re­
sources, waste dumping, the consumption and destruction of land, the de­
crease in environmental quality in urban areas stemming from air, water and 
soil pollution, noise, and the sealing of land. The change of both land use 
and cultivation practices, such as ploughing, fertilization, draining, sealing of 
soil, is one of the most visible features of landscape change and its far­
reaching ecological consequences (see Chapter 4.1). Due to natural changes 
and in view of the history of human impact, on the environment, landscape 
changes can occur over time scales ranging from thousands of years (e.g. 
climatic change since the last ice age), centuries (e.g. the cultivation of ar­
able land, settlement, etc.), decades (change of agricultural cultivation prac­
ti ces, sub-urbanization, open cast mining, changes of the weather sequences 
and water balance, etc.) and years (e.g. crop rotations) to single years (e.g. 
seasons, phenology and land cover), or even individual (short-term) events 
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(volcanic eruption, earthquakes, flooding). Thus, landscapes have a history 
(genesis), a current condition or state, and a developmental pathway, as weil 
as a potential natural condition or state (as an abstraction of the current or 
reallandscape). They include renewable and unrenewable natural resources 
and potential use or value. Against this complex background, people asp ire 
to particular conditions of the landscape corresponding to their system of 
values and demands. But landscapes, like other systems, can exhibit fluctua­
tions around an equilibrium state or in the face of interference a certain resil­
ience to change. Anthropogenic objects and influences activities also have a 
more or less capacious potential of persistence against change. Thus, cultural 
landscapes develop as the result of an interplay between the forces of persis­
tence and change (see Chapter 5.1). 

A central point of discussions that have ranged over the last decade about 
the term landscape was the question of whether landscapes are unique or 
whether types can be identified (Paffen 1953, Schmithüsen 1964). Land­
scape physiologists developed a theory that the landscape is a synthesis of a 
multitude of single elements. Later on, this theory became important in land­
scape ecology. 

Another important question explored in discussions about the term land­
scape was that about spatial dimensions. Thus, Troll (1950) refused to accept 
the smallest units of nature areas (physiotopes, ecotopes) as landscapes. In 
his definition, the term landscape is suitable only up to a typical spatial com­
position or distribution (mosaic of physiotopes or ecotopes). On the other 
hand, Carol (1957) and Neef (1967) held the view that the size of an area 
and the direct related exclusion of "wholes" cannot be used as adefinition 
criterion for landscapes. In the disciplines related to landscape ecology, dis­
cussion about the central term of geography had also led to confusion rather 
than to clarification (Finke 1994, Trepl 1987). In these disciplines, especially 
in the planning branches, a more "unworried" handling with the term land­
scape can be observed. 

Nevertheless, at the beginning of each study dealing with landscape and 
environment related problems, adefinition should be given of what is meant 
by the term landscape and in which sense it is being used. The definition can 
depend, for example, on the dominant view, namely whether it is geographi­
cal, cultural, functional, and aesthetic or whether other aspects are of interest 
(Wenkel 1999). Adefinition given by Haase et al. (1991) in the context of 
landscape modeling which emphasizes the steps involved when translating 
from areallandscape to a corresponding landscape model illustrates the 
process more transparently. According to their definition, landscape is apart 
of a region that is pre-formed by the natural conditions and more or less 
shaped and influenced by cultivation and land use. Landscape forms a spa­
tio-temporal structure with interactions between nature and society in it. 
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From a structural view, alandscape is a mosaic of smallest homogenous spa­
tial units (the topes), from a more functional view it can be described as an 
ensemble of ecosystems. More simply, Turner and Gardner (1991) consid­
ered alandscape to be a spatially heterogeneous area. In a similar vein to the 
ideas of Haase et al. (1991), Forman and Godron (1986) suggest three land­
scape characteristics that are useful to consider when thinking about land­
scape: structure, function, and change. "Structure refers to the spatial rela­
tionships between distinctive ecosystems, that is, the distribution of energy, 
materials, and species in relation to the sizes, shapes, numbers, kinds, and 
configurations of components. Function refers to the interactions between 
the spatial elements, that is, the tlow of energy, materials, and organisms 
among the component ecosystems (but pay attention to the different meaning 
of landscape function in Chapter 5.2!). Change refers to alteration in the 
structure and function of the ecological mosaic through time" (Turner and 
Gardner 1991 a). 

In spite of the discussion between the different disciplines and groups of 
landscape ecology about the definition of the term landscape, new discus­
sions and questions about the concept arise as the result of the increasing 
cooperation between of landscape ecologists with economists and socio­
economists, in relation to debates about sustainable development. Dabbert et 
al. (1999) explore this problem in their book about a integrated ecological­
economic method for landscape modeling. They point out that in the land­
scape related sciences, terms like "region" and "regionalization" are used and 
develop over long periods. Dabbert et al. (1999) cite Grisebach (1872) and 
Schimper (1898) as examples of writers talking about "biogeographie re­
gions" as early as the end of the 19th Century. These terms have held up and 
can be found also in he more recent literature (Müller 1980). From the view 
of plant ecology, "regions" are the subdivisions of "tloristic realms", or "bio­
realms", in which the differences of macroclimatic conditions become obvi­
ous. Considering discussions about landscape, a broader ecological defini­
tion of "region" would refer to landscape areas, consisting of similar geo­
logical-morphological complexes defined by traditionally similar land use 
mosaics. These land use mosaics again are retlecting these environmental 
complexes. In modern agricuItural cultivation systems and in the landscape 
structure, these traditional structures of primary production are often visible 
today - in spite of variegated changes. 

Dabbert et al. (1999) used the term "landscape" in place of "region", 
making clear their interest in content of spatial ecological and agriculture 
related economic effects. From a spatial point of view, they identify land­
scapes as units corresponding approximately to the German classification of 
nature areas ("Naturräumliche Gliederung", Meynen and Schmithüsen 
1953-1962, see Chapters 1.2.3 and 2.4.5). With this, they prefer a more 
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pragmatic definition for their integrated approach, but nevertheless, a weil 
grounded one. It seems to be difficult to find a correct translation of the 
German term "Naturraum": sometimes "natural area" is used, other authors 
choose "natural sphere" or "natural unit of landscape" and some colleagues 
prefer "physical region". With respect to conte nt all terms refer to the en­
tirety of natural elements presented in the left part of Figure 1.1.-4. For this 
book we tried to harmonize this confusion and use the term "nature area". 

Considering the various answers that have been given to the question: 
"What is alandscape?", some general statements can made, for all disci­
plines of landscape ecology (the following statements are in accordance with 
a compilation of Forman and Godron 1986, Hansen and Di Castri 1992, 
Klijn 1995, Turner 1987, Urban et al. 1987, Zonneveld and Forman 1990): 

Landscapes are nearly always the result ofboth natural and man-induced 
processes during, nearly always, various time-scales. Landscapes can ef­
fectively be described as palimpsests, patterns superimposed on each 
other, showing features of different eras. These legacies affect present­
day and future processes. 
Landscapes are changing, but changes occur at different rates, either 
gradually or suddenly, even catastrophically. Landscapes that are stable 
for a long period are almost fiction. 

- Nevertheless there are stabilizing forces within landscapes: distur­
bances are followed by areturn to a former status or by a new equilib­
rium, both in a physico-chemical and in a biological sense. 
Although landscape dynamics show many unexpected or unexplainable 
phenomena, there is still a large portion of predictable change such as 
primary or secondary succession or degradation stages. 
Landscape are mainly open systems: open to vertical influences (e.g. 
radiation, atmosphere), open to influences from their surroundings and 
internally open (exchange between patches within one landscape). Land­
scapes can be understood by insight into the flows ofmatter, energy 
and organisms. 

- Landscapes are heterogeneous, both in a vertical and horizontal direc­
tion. Vertically one can distinguish layers (atmosphere, canopy, soil, 
groundwater, rock, etc.). Horizontally, landscapes consist ofpatches (or 
ecotopes) with repeat themselves in a certain pattern. Between "homoge­
nous" patches are boundaries that can be sharp or gradual. Boundaries are 
sometimes open to the exchange ofmatter, energy or organisms; they 
sometimes act as barriers or membranes. 
Landscapes are perceived as parts of the earth's surface with a certain 
size but with uncertain lower and upper limits. Questions are open 
concerning the spatio-temporal definition of landscapes, so that it is not 
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possible to derive any standard sizes or scales. The definition depends on 
the priority of view. 

9 

In the authors' opinion, these statements contain all relevant characteris­
tics (and also open quest ions) of (and about) landscapes and their role in 
landscape ecology. 

Discussions about the landscape concept are closely related to those sur­
rounding the ecosystern concept. Northern American (landscape) ecology 
has deep roots in biology. So their perception of landscape and landscape 
ecology differs more or less from the European (see Chapter 1.4, for a dis­
cussion of the "ecosystem" term see Chapter 1.2). Following the definition 
of Chapin (2001) ecosystem ecology links the study of organisms and the 
physical environment with the functioning of the Earth System. An ecosys­
tern is defined as consisting of all the organisms and the abiotic pools with 
which they interact, and ecosystern processes are defined as all the transfers 
of energy and materials from one pool to another. Hence ecosystern ecology 
addresses the interactions between organisms and their environment as an 
integrated system. At first sight this approach seems to follow the European 
approach to landscape and landscape ecology. But in the strict sense the US­
approach marks-off a boundary between organisms on the one hand and their 
environment on the other, especially between organisms ancl their abiotic 
environment. In most cases the focus of scientific work in the field of eco­
system ecology is to 

trophic interactions: the feeding relationships among organisms - food­
webs and foodchains (e.g. Pimm 1982, 1984, Power 1992), 
species distribution, populations (Watts 1999), 
habitat fragmentation (Dunning 1999), 
succession: long-term directional changes in community composition 
(Vitousek and Reiners 1975), 
resilience of ecosystem properties following disturbance (Turner et al. 
2001), and 
biodiversity (D'Antonio and Vitousek 1992). 

Often (abiotic) environmental conditions are only considered insofar as 
they are essential for the explanation of the organisms' occurrence or behav­
ior: atmosphere, oceans and climate as weil as geology and soils are consid­
ered as a background of the ecosystem but not as an inherent part of the sys­
tem. But also human can't be excluded - they are an inseparable integral part 
of the environmental system (Haber 1996, 2001). Chapin's term ecosystern 
bears a comparison with our term physical region but has nothing to do with 
landscape in the sense discussed above. A holistic view to the whole system 
is missed. This points up, that the use of the landscape term is often re­
stricted to a specific scale but not to a system that integrates abiotic and bi-
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otic environment as weil as land use representing the interface between the 
natural system and the socio-economic system. 

1.2 Landscape ecology: From the roots to the present 

1.2.1 Basic terminology 

Landscape ecology (the ecological consideration of geographical areas) 
has diverse roots stemming from biology, geography and even forestry. The 
term ecology, meaning the science of the relationships between an organism 
and its surroundings, was coined by the German zoologist Haeckel (1866). 
From a modern point of view, this is adefinition of autecology, which de­
scribes the relationships of an individual with its environment. The first eco­
logical publication based on field studies was written by the zoologist 
Möbius (1877) and dealt with the oyster and the oyster industry. It was hirn 
who introduced the term biocoenosis or community of species, providing a 
solid basis for the vague ideas already extant about the co-existence of or­
ganisms. He understood biocoenosis in means of a group of organisms in­
habiting a distinct, delimited area according to the number and the type be­
cause they correspond to the average extern al living conditions of the area, 
engender each other, and persist in the long term by means of reproduction. 
External living conditions are understood as for instance a suitable soil, suf­
ficient nutrition, and in the case of the oyster-beds a suitable level of salt in 
the sea water and a temperature favorable for both development and sur­
vival. He also noted that if any of the factors co-determining the biocenosis 
changed, this would affect other factors. This was probably the first syne­
cological study which matches our current understanding ofthe term. 

The term ecology was mainly introduced into international practice by 
the Danish botanist Waming (1909) thanks to his "Ecology of Plants". 

Right from the start, ecological research combined geoscientific and bio­
logical issues, such as when Clements (1905,1916) and Cowles (1899) stud­
ied the laws of development of biocoenoses against the background of the 
continuous development of the soil, and Cowles (1899) observed the plant 
succession taking place on the sand dunes of Lake Michigan. This was the 
beginning of succession research and made Chicago a center of American 
plant ecology. lt was in 1899, too, that Davis published "The Geographical 
Cycle", which later came in for heavy criticism owing to its purely deductive 
reasoning. Nevertheless, the influence of geography even made Cowles 
(1911) drop his concept of succession in favor of the cycle. 

The broadening of ecology's holistic approach to whole sections of the 
landscape by the term landscape ecology was nothing more than the consis-
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tent development of ecology's original biological background. Troll, who 
had taken a degree in biology and specialized in plant geography, introduced 
the term in a publication on the application of aerial photography using the 
example of tropical areas with different vegetation densities (Troll 1939). At 
that time, the new technique of aerial photography enabled for the first time 
a bird's eye view ofthe landscape, allowing various phenomena of an area to 
be holistically observed and interpreted. Vegetation is an important indicator 
of differences between biotopes. Troll was quick to spot the possibilities af­
forded by aerial photography for geographical research (see Chapter 6.3), 
especially when combined with ecological soil research. In a now famous 
paper on landscape ecology at the "Plant sociology and Landscape Ecology" 
symposium in 1963 in Stolzenau/Weser, Troll delivered adefinition of his 
concept of landscape ecology. This definition has since been repeatedly 
quoted since it c1early summed up his idea of research into the relationships 
between organisms and their surroundings in a specific area. It describes 
landscape ecology as the study of the entire complex cause-effect network 
between communities of species (biocoenoses) and their environmental con­
ditions in a certain landscape. The cause-effect structure in lcmdscape ecol­
ogy is spatially expressed in a certain typical landscape pattern ("Naturräum­
liche Gliederung"), which translates as the definition of nature areas on the 
basis of physical criteria. It can be studied at various scales, each with its 
own specific methods. Smaller nature areas can be aggregated in terms of 
their cause-effect structure within landscape ecology effect structure and 
their geochorological relations into larger units. This results in a hierarchical 
system from the smallest homogeneous nature area, the ecotope (which 
functionally corresponds to an ecosystem) through medium-sized areas to 
ecozones. This definition of areas is an important basis for modern landscape 
ecology. 

Owing to its easier translatability into English, Troll himself (1968) pro­
posed replacing his term landscape ecology by geoecology. Consequently, 
both "Landschaftsökologie" and "Geoökologie" are commonly found in the 
German-Ianguage literature. By contrast, Leser (1997) regards geoecology to 
be only the physio-geographic branch of landscape ecology. 

The complex of interactions between organisms and their environmental 
conditions is nowadays summed up under the term ecosystem. It is in this 
sense that the ecosystem (a functional unit between organisms and their en­
vironment) is generally regarded as the object of research of ecologists. The 
German zoologist Woltereck (1928) was the first who utilized the term "ec­
logical system". In contrast English literature refers to Tansley (1935) who 
introduced the term "ecosystem" into technical literature. According to the 
popular definition by Ellenberg (1973), an ecosystem is a cause-effect struc-
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ture of living things and their inorganic environment, which although open is 
capable of a certain degree of self-regulation. 

All definitions of ecosystem involve the links between inorganic compo­
nents (studied by the geosciences) and biotic components (the subject of bi­
ology). However, dissent recently emerged concerning the development of 
the ecosystem by Leser (1997) in the landscape ecosystem. Some ecolo­
gists, especially those with a background in biology, believe like Schreiber 
and Opp (1999) that this expansion of the term is superfluous since ecosys­
tem already includes the abiotic components of the landscape interacting 
with living things. However, it can hardly be denied that the spatial objects 
investigated by landscape ecologists are substantially greater than the func­
tional units between living things and their environment dubbed by biolo­
gists an ecosystem. For example, landscape ecology also includes the trans­
mission of material and energy within a geosystem, i.e. the emergence of 
certain environmental conditions before they take ecophysiological effect. 

1.2.2 The beginnings of ecologicallandscape research in Germany 

The development of ecological landscape research can for simplicity's 
sake be divided into the following phases of development: 

- holistically descriptive - partly analytical, 
- qualitatively analytical - quantitatively analytical, 
- structurally orientated - process-orientated, and 
- landscape-form orientated - system-orientated. 

This classification chiefly refers to ecotopes as the smallest spatial ob­
jects of investigation of landscape ecology orientated towards nature areas. lt 
indicates the increasing progress ofthe methods of geoecological exploration 
and hence chronological development. The development of methods of in­
vestigation and the resulting improved accuracy of findings has been accom­
panied by an increase in practicaJ applications oflandscape ecology. 

The development of ecological landscape research in Germany was 
above all introduced by the methodologically exemplary publications by Paf­
fen (1948, 1950, 1953) and Schmithüsen (1948, 1949). In a model study us­
ing the example ofthe central and lower Rhineland, Paffen (1953), a student 
and later co-worker of Troll, developed the theoretical and methodological 
fundamentals for ecological landscape division. He started by defining 
ecotopes as the basic unit of ecological land classification (which he referred 
to as landscape cells - a term which rightly did not catch on) and showed 
how they can be aggregated to form larger units of nature area. Each nature 
area higher up the spatial scale comprises a certain number of ecotopes, usu­
ally with typical patterns of recurrence and spatial networking. This means 
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that each nature area higher up to the scale is ecologically heterogeneous. 
Paffen (1953) recognized the defining role of relief in the formation of 
ecotopes, describing them as topographic-ecological complexes. All in all, 
he identified seven hierarchical stages of nature areas. His standard maps of 
the ecotope structure of landscapes in the lower Rhineland, Eifel (a plateau 
region in Germany between the River Moselle and the Belgian frontier) and 
the central Rhineland, as weil as his 1 :400,000 map dividing the central and 
lower Rhineland into nature areas, provided examples for subsequent inves­
tigations in the field of ecological landscape analysis and the definition of 
nature areas. 

As early as 1942, Schmithüsen grasped the importance of vegetation 
studies and ecological site c1assification for geography. Like Troll and Paf­
fen, he specialized in vegetation geography, writing for example an interna­
tionally acclaimed textbook on vegetation geography (Schmithüsen 3rd edi­
tion 1968). He started by producing standard maps of the ecological spatial 
patterns of various landscapes, and showed that each landscape consists of a 
spatial structure of different ecotope types linked up in their own specific 
manner. The way in which they are interlinked is not just a formal character­
istic, but frequently also an expression of certain lateral processes involving 
the exchange of material and energy (e.g. slope catenas), which were ini­
tially described by neighborhood effects (Paffen 1953). 

Figure 1.2-1: The /orest site mapping is one 0/ the roots 0/ modern landscape ecology in 
Germany. Spruce /orest in the Erzgebirge Mountains (Saxony, Germany) (Photo: 0. Bastian 
1978) 

The concept of large-scale definition was in particular adopted for the 
mapping of forest sites. It was carried out systematically in Germany, espe-
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cially in the state forests as of 1936, at the instigation of Krauss, and formed 
the basis for forest planning (Figure 1.2-1). The forest sites largely corre­
spond to ecotopes, as underlined by Schmithüsen (1953). 

1.2.3 The definition of nature areas in Germany 

One major project preceding modem landscape ecology was the defini­
tion of nature areas in Germany pursued by the "Institut für Landeskunde" 
(Institute of Regional Studies) under the direction of Meynen. The theoreti­
cal principles for the project were largely developed by Schmithüsen (1949, 
1953). Working under the auspices of the Federal administration in Ger­
many, the institute was a scientific advisory body to the government. It was 
expected to survey the entire territory of the state. Starting in around 1949, 
nature areas in Germany were jointly defined at two different scales by a 
large number of German geographers. 

1. "Handbuch der naturräumlichen Gliederung Deutschlands" (Manual 
ofthe definition of nature areas in Germany) featuring a 1: 1 million map, 
published by Meynen and Schmithüsen et al. (1953-62, see Chapter 
6.1.2). It shows the entire territory of Germany within its current borders 
as drawn up by geographers at a time when Germany was divided. 

2. "Geographische Landesaufnahme 1:200000, naturräumliche 
Gliederung Deutschlands" (Geographical survey 1 :200,000, definition 
of nature areas in Germany). Each map sheet comes with an explanatory 
booklet containing a detailed physicogeographical description ofthe na­
ture areas delineated on the map. The division into nature areas on a scale 
of 1 :200,000 only covers the territory of western Germany (i.e. the area 
known as the Federal Republic of Germany until German unification on 
3 October 1990). 

The 1 :200,000 maps improved the detail of the definition of nature areas 
in the 1: 1 million maps. 

Although Schmithüsen's theoretical approach (1953) for the natural divi­
sion of Germany was certainly landscape ecological in accordance with the 
level of research at that time, its implementation lacked uniformity owing to 
the large numbers of scholars involved in the descriptive texts. Coming from 
a variety of different backgrounds, some authors performed subdivision on 
the basis of morphographical or c1imatic factors, while others focused more 
on aspects of vegetation ecology. The great achievement of this classifica­
ti on into nature areas is above all the systematic survey and description of 
the entire country. 

The division of Germany into nature areas at a scale of 1: 1 million and 
1 :200,000 enabled statistical and practical questions to be tackled. For ex-
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ample, it provided a basis for regional agricultural statistics. The 1: 1 million 
map (or excerpts thereo±) is contained in various atlases such as "Die Bun­
desrepublik Deutschland in Karten" (The Federal Republic of Germany in 
maps) and the regional climatic atlases published by the German meteoro­
logical service. Richter (1965) used the 1: 1 million classification to estimate 
the risk of soil erosion and then developed related maps. 

The maps showing natural areas are merely boundary maps and do not 
indicate what the areas contain. Nevertheless, the boundary lines are the 
most questionable aspect of natural division. What really matters is the 
make-up ofthe areas, Le. the landscape ecological cause-effec-t structure and 
the geofactors on which it is based. The decision to merely show the bound­
ary lines (doubtless a problem of such large-scale projects) is attributable to 
the difficult post-war situation at the institute. The subsequent development 
of a nature area type map for West Germany was designed to make up for 
this shortcoming. Renners (1991) revised the 1.1 million map of the natural 
division of Germany and took it as a basis to characterize the nature areas in 
terms of the factors relief, soil (including substrate and water balance), hy­
grothermal climatic regime, and (if possible) potential natural vegetation. To 
the contents of the natural areas of different scales see Klink (in Renners 
1991 ). 

In the mid-1960s, students of Neef in Leipzig developed large- and me­
dium-scale examples of nature area characterization maps (Haase 1965, Hu­
brich 1965). These maps represented preliminary work for the 1 :750,000 
nature area characterization maps in the Atlas DDR edited by Barsch and 
Richter (1975). The characterization of nature areas in this map is mainly 
based on the complex relationships between the soil, substrate and water 
balance, taking into account relief. These nature area characterization maps 
enabled the creation of a new thematic map type synoptically showing the 
complex relations between a landscape's physical factors. 

1.2.4 The Neef school of landscape ecology 

One result of the division of Germany, wh ich intensified in the early 
1960s, was that contacts between scholars on either side ofthe inner-German 
frontier were increasingly forbidden. Nevertheless, although teams of re­
searchers working in landscape ecology at various universities had almost no 
contact with their colleagues on the "other side", they still arrived at largely 
similar findings (Figure 1.2-2). Mention should be made of the researchers 
headed by Neef, first in Leipzig and later in Dresden, who made a vital con­
tribution to the creation and development of methods of nature area explora­
tion and landscape ecology. This group is even mentioned in the literature as 
the "Neefschool" (Haase 1996). 
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Of Neefs students, mention is only made here of G. Haase, K. Herz, H. 
Hubrich, R. Schmidt, H. Richter and K. Billwitz, who largely contributed to 
the development of landscape ecological theory and land-surveying method­
ology. They developed techniques of both analysis and presentation. One 
important factor was the soil as an integrative component of the landscape 
ecosystem (Haase 1961, 1964, 1967, Hubrich 1964 a,b, Schmidt 1984). Dur­
ing studies of the soil moisture in various soils in Saxony, Neef et al. (1961) 
identified the soil moisture regime, the soil type and the vegetation as main 
landscape ecological features with integrative characteristics. Such compo­
nents explaining much about the ins and outs of the ecosystem formed the 
basis for complex si te analysis (see Chapter 3.4), which quickly became es­
tablished as an important method of landscape ecology. 

Basic natural 
~nits (ecotopes) 

Geotope I 
Plateau 

Ecotope I Ecolope 11 Ecotope 111 

Geotope 11 Geotope 111 
~pper ,Iope lewer slope 

Ecotope IV 

Geotope N 
Valley with sources 

Figure 1.2-2: Structure and interacting systems 0/ different associated ecotopes(Haase 1967, 
Klink 1964) 

Ever since the fundamental methodological publication by Haase (1967), 
a distinction has been drawn in landscape ecology between differential 
analysis and complex site analysis. Differential analysis deals with partial 
complexes relevant to landscape ecology such as relief, c1imate, soil, vegeta­
tion and their components. Its thorough analysis forms the basis for an eco­
logical complex site analysis, wh ich is designed to capture and model the 
mainly vertically aligned functional relationships between the ecotope's 
components and partial complexes. Clear principles were also worked out 
regarding the way in which ecotopes (the smallest spatial units relevant to 
landscape ecology, see Chapter 2.2.2) are linked up (Haase 1973, 1976), and 
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related standard maps were developed at medium scale (I: 100,000 and 
1 :200,000). Synoptically showing the physicogeographical conditions, these 
maps acquired enormous importance over the years for regional planning, 
landscape planning, nature conservation and environmental protection. 
Above all , now that the usage and development potential of nature areas 
have been assessed (Mannsfeld 1978, 1983, Marks et al. 1992), the maps are 
consulted in connection with practical decision-making. The findings of 
the extensive investigations into ecologically heterogeneous nature areas at 
the geochorological dimension are collated in the volume edited by Haase et 
al. (1991) "Surveying nature areas and land usage: geochorological tech­
niques for the analysis, mapping and assessment of nature areas" (in Ger­
man). 

Above all Neef himself is known for his fundamental contributions to 
ecologicallandscape theory. His goal was to capture and depict possible fea­
tures of the landscape as precisely as possible, and also to provide a better 
foundation for the practical application of geographical findings, especially 
from landscape ecology. He began by tackling the basic questions of geo­
spheric and landscape arrangement, and explained the axioms of tbe con­
cept of landscape. Of particular importance for landscape ecology, which 
deals with areas of various scales, is its tbeory of geograpbical scale ranges 
or, in other words, the dimensions of the arrangement of nature areas (Neef 
1963, 1967). He defined what a dimension of investigation as " .. . scale 
ranges in research which have the same information content and enable the 
same aims and methods." Other important contributions deal with the theory 
of the smallest landscape ecological spatial units, the physiotope and the 
ecotope (Neef 1968), and the theoretical bases of (natural) area type forma­
tion. 

From his experience of the highly temporal dynamics of mountain land­
scapes, Dollinger (1998) points out that research into the theory of geo­
graphic dimensions still needs to be carried out with respect to the perma­
nent temporal variability of landscapes. 

A theoretical and methodological certainty was achieved in analyzing na­
ture areas on the scale of topes (patches) and chores. Their role within the 
natural balance enabled the results of landscape ecology research to be ap­
plied practically to human benefit (Haase 1968, Haase and Richter 1980, 
Schmidt 1984, Figure 1.2-3). lt was also used to evaluate whether the land­
scape balance of specific nature areas would be disrupted by waste disposal, 
water extraction, and construction projects (Haase 1978, Mannsfeld 1978, 
see Chapter 5.2). Another important step in the usage of scientific findings 
from landscape ecology for effective spatia1 organization and the entire so­
cio-economic reproduction process was Mannsfeld's publication (1983) 
"Landschaftsanalyse und Ableitung von Naturraumpotentialen" (Landscape 
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analysis and concluding the potential of nature areas). Working on an exam­
pie area north of Dresden, he evaluated site fertility (yield potential), the 
Iikelihood of surface run off and groundwater recharge, the disposal potential 
for liquid by-products and the scope for construction while simultaneously 
preserving important landscape functions on the basis of the careful explo­
ration and mapping of nanochores. 

Figure 1.2-3: Western Lusatia (Saxony. Germany) is one o/the classicallandscape ecological 
study areas 0/ E. Neef, G. Haase. K. Manns/eid and others (Photo: 0. Bastian 1999) 

Primarily with the aim of using landscape ecology research in spatial 
planning and usage, Neef established a research group at the Saxon Acad­
emy of Sciences known as "Natural balance and regional characteristics". Its 
investigations and resulting developments have in recent years focused on 
two main areas: 

1. Research into the structure and dynamics of landscape ecosystems: 
Based on a broad stock of data, landscape functions are assessed and 
their reactions to human usage requirements are fore cast. Surveys ofthe 
landscape at different times provide information ab out its changes and 
are used for environmental monitoring. 

2. The now completed production of the set of maps entitled " Nature area 
sand their potential in the Free State of Saxony on a scale of 1 :50,000" is 
based on ofmicrochores, i.e. natural units with a certain ecotope structure 
(see Chapter 6.1.4). The robustness ofthe natural balance with respect to 
anthropogenic usage is evaluated and concepts are developed for the 
permanent, environmentally sustainable usage of the landscape. The 
work ofthe Natural balance and regional characteristics group is de­
scribed in the volume edited by Haase (1999) "Contributions on land-
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scape analysis and landscape diagnosis" as weil as the handbook edited 
by Bastian and Schreiber (1999) "Analysis and ecological assessment of 
the landscape" (in German). These two books vividly emphasize the links 
between landscape ecology as a scientific discipline and its practical 
application. 

1.2.5 Research development in West Germany 

In the first half of the 1960s in West Germany, students of Czajka in Göt­
tingen worked on strengthening the theoretical foundations and refining sci­
entific survey methods for the large-scale classification of nature areas. Their 
initial aim was to depict all the structural elements of the ecotope which 
could be surveyed physiognomically. Their qualitative and partly already 
quantitative analysis techniques addressed key features of the ecosystem 
such as soil type, humus form, soil water, pH (as a factor controlling nutrient 
availability), and in particular vegetation. Their investigations were carried 
out in various nature areas: north German lowland (Dierschke 1969), sub­
hercynian mountains with cuestas and hogbacks (Jung 1968, Klink 1964, 
1966), and an active vo\canic landscape at Mount Etna on Sicily (Wemer 
1973). 

This work indicated other factors determining the cause-effect structure 
of landscape ecology and the arrangement of nature areas. In the low­
mountain region, for example, such factors include the rocks and the relief 
along with the resulting topoclimate; in the active volcanic area they include 
the shape of the relief and the type and age of the volcanic rock, and in the 
lowlands dating back to the !ce Age with minimal relief the soil types and 
water balance. Another major aspect of this work consisted in studying soil 
forms and vegetation as integrative components of the ecosystem ("main 
ecological features" according to Neef et al. 1961, see Chapter 1.2.4). Large­
scale land use for landscape ecological organization above all in mountain­
ous areas was attributed to the catena principle (Klink 1964, see Chapter 
2.6), while Haase (1961, 1964) introduced the term landscape ecological 
catena meaning a regularly recurring series at a site. Thanks to the link with 
Tüxen (who alongside Braun-Blanquet was one of the founders of plant so­
ciology), in contrast to the Neef school more attention was paid to methods 
of an ecologically interpreted plant sociology (especially Dierschke 1969). 
In these studies, too, chores were delineated by principles of spatial network­
ing (structural shapes) of ecotopes, constituting a bottom-up approach or na­
ture area arrangement (Richter 1967). 

Landscape ecological research into areas on the scale of topes and chores 
(lower level of hierarchy) was until long into the 1970s closely geared to the 
structural characteristics of ecotopes and the partial complexes of which they 
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are comprised; except for investigations of the water balance. However, the 
structural factors and features were not attributed any direct eco­
physiological effect, instead being regarded as factors controlling ecological 
processes. The main ecological process parameters acting directiy are wa­
ter, heatllight, and nutrients and pollutants, as weil as mechanical influences 
such as the wind, animals' footprints and the impact of foraging. Process­
regulating effects can be easily elarified using the example of relief with 
structural features such as slope ineline, curvature and direction, as weil as 
with the example of soil types (Klink 1994, Hütter 1996). 

The theoretical demands made of complex si te analysis (see Chapter 
3.4) necessitate not only the exact determination of the structural factors but 
also surveying the ecological process parameters interlinking an ecosystem's 
components. One way of doing this is to use quantified material and energy 
balances. Another important method is to model the functional relationships 
within the system. Much work was done on both these approaches in particu­
lar by Leser (1978, 1983, 1984), and his former student Mosimann (1978, 
1984a, 1985). Leser also wrote the first textbook on landscape ecology (l st 

edition 1976, 4th edition 1997). Another well-tried text book has been written 
by Finke (1986, yd edition 1996), who took care mainly of connecting land­
scape ecology with planning and nature conservation. 

Nevertheless, especially Mosimann's very thorough investigations show 
that a complete survey of a landscape's ecosystem taking into account all its 
structural and process parameters is hardly possible. In the author's opinion, 
the limited time and resources available should therefore be concentrated on 
certain key parameters relevant to understanding how the respective eco­
system functions. Further developing the analytical survey method for struc­
tural and process parameters exacerbates the dual problems of their system­
atic interlinking and transferring the data acquired from isolated points to the 
whole area. In a nutshell, the aim of landscape ecology of being able to cap­
ture spatially related relations between biocoenosis and the environment 
calls for ever eloser co-operation between the biosciences and the geo­
sciences. 

Schultz (1995, 2000) developed a very interesting approach in the global 
dimension of the definition of nature areas. He deals with ecozones - large 
areas of the Earth previously described as great regional belts, geographic 
zones, geozones and "Zonobiome" (major ecological elimate zones) (e.g. 
Berg 1958-59, Haggett 1991, Müller-Hohenstein 1981, Walter and Breckle 
1990-94). Each of these ecozones is a geozonal ecosystem with its own eli­
mate genesis, morphodynamics, soil formation, plant and animal species, as 
weil as its own agricultural and forestry potential. In addition to a qualitative 
description of individual characteristics and combinations thereof, such as 
elimatic features, soi1 forms, vegetation formations and land usage types, the 
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quantitative and integrative survey of material and energy stocks in the vari­
ous compartments of the ecosystem is also of importance. Furthermore, typi­
cal matter and energy turnovers between the compartments are shown. Ecol­
ogically important stocks of matter include for example the biomass of 
plants and animals, the dead organic soil substance, and mineral substances 
in the vegetation and the soil. As far as material turnover is concerned, par­
ticular attention is paid to primary products, animal forage and secondary 
production, litter fall and decomposition, as weil as mineral substance and 
water cycles. Energy aspects are taken into account for all organic sub­
stances and their turnover. This ecozonal treatment has been enabled by the 
findings of ecosystem research made regionally available in abundance over 
the past three decades. 

On the basis ofthe state-of-the-art methodology documented in particular 
in the publications by Mosimann (in Leser 1997), in 1984 a team of univer­
sity geographers and experienced practitioners from the spheres of spatial 
planning, urban development, nature conservation and environmental protec­
ti on was formed in West Germany. It described itself (for instance at the 
German Geographers' Conference in Munich in 1987) as the Geoecological 
Spatial Division and Landscape Balance Capacity Study Group. The 
group's declared aims were to promote small-scale geoecological research 
and its practical usage. As weil as exposing methodological shortcomings in 
small-scale ecological surveys, and capturing and characterizing ecologically 
effective structural landscape elements and processes of the landscape bal­
ance, its aims included developing mapping instructions for surveys in the 
small-scale range using methods which were technically flawless yet rela­
tively simple to use (GÖK 1 :25 000, Leser and Klink 1988). The group pro­
duced a methodological handbook on small-scale geoecological mapping 
and presentation and instructions for the appraisal of the capacity of the 
landscape balance edited by Marks et al. (1989, 2nd edition 1992). Both 
publications stimulated work on landscape ecology in Germany and in other 
German-speaking countries in a variety of ways, and contributed to its prac­
tical implementation. In particular, the instructions regarding the assessment 
of the capacity of the landscape balance were warmly welcomed by practi­
tioners working in public authorities, private planning companies and con­
sulting firms. In order to avoid a merely anthropogenic viewpoint and to take 
into consideration the various "services" of the landscape balance for spon­
taneously developing biocoenosis of plants and animals, i.e. for nature itself, 
the term "potential of nature area" used by for example Mannsfeld (1978) 
was after thorough internal discussion replaced by the capacity ("Leistungs­
vermögen") ofthe landscape budget. 

A new edition of the handbook was published along with modified map­
ping instructions (Leser and Klink 1988) in which landscape ecological sur-
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veying standards and their operationalization were emphasized in an effort to 
achieve versatile, flexible usage beyond the realm of mapping. More atten­
tion was also paid to the treatment and homogenization of available data us­
ing methods of information technology (Zepp and Müller 1999). It is 
planned to revise the assessment instructions, with more emphasis being 
placed on aspects of value theory and regionally specific landscape models 
(Zepp 1998). 

Another relevant task is the extrapolation of the isolated findings (espe­
cially process data) obtained via the tesserae in order to conclude spatial 
information. A whole range of techniques is available, including estimation, 
fuzzy logic methods, neuronal networks, computer-based model simulations, 
data management and modeling in geographie information systems (see 
Chapter 6.2). Furthermore, the spatio-temporal variability of process pa­
rameters plays an important part. It all boils down to the systematic consid­
eration and conceptual separation of observation, measuring and modeling 
scales, an area which requires more work. This field acquires a practical di­
mension when we bear in mind that information on average ecosystem states 
is often inappropriate for assessing problem situations. 

Classifying landscape ecological area types of the cultural landscape al­
ways has to start with differentiating the structural characteristics of the geo­
complexes and examining the processes subject to human influence. All the 
process-orientated c1assifications of landscape ecosystems published in 
recent years start by surveying and differentiating the water, material and 
energy balances, with land usage (an anthropogenie control factor) also be­
ing included (Bräker 2000, Duttmann 1993, Mosimann 1990, Zollinger 
1988). The levels of hemeroby are often considered in order to characterize 
the degree of human influence and change of the ecosystems (Blume and 
Sukopp 1976, Bornkamm 1980, Sukopp 1972, 1976 and in East Germany 
Schlüter 1982). They are classified in terms of the change of the ecosystems, 
vegetation, their topoclimate, their water balance, their soil and sometimes 
also their relief. For example, Zepp (1991) presented the systematics of land­
scape ecological process-structure types for the southern Rhenish Bay (ne ar 
Bonn). His approach integrates the respective basic hydrodynamic type 
(groundwater type, water logging type, flood type, etc.) and the type and in­
tensity of the geogenie and anthropogenie influencing of the site material 
dynamies. This approach was further developed by Glawion (1999), who 
classified the area types in Germany based on land use (structure- and proc­
ess-orientated features) by the type and intensity of anthropogenie influence 
on the natural material dynamies. In addition, the area types are character­
ized in a table in terms of their site-balance indicators water, nutrient and 
heat balance. Landscape ecological investigations with the aim of spatial 
differentiation are made more relevant and suitable for practical application 
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by taking into account anthropogenically influenced and alte red processes of 
the landscape balance. 

Another approach which is orientated less towards ecological spatial 
units and more towards spatiaHy relevant ecological problems was taken 
by Schreiber together with his students. The investigations mainly carried 
out on the basis of site theory were designed to survey ecological processes. 
For 20 years Schreiber carried out thorough investigations into succession 
development on fallow grassland, studied problems of salt build-up occur­
ring in connection with irrigation in sub-tropical arid areas, and conducted 
surveys of the heat climate (growth climate) in Switzerland and the Ruhr. 
His contributions on the possible influence on spatial planning by landscape 
ecology are especially interesting (Schreiber 1985). The multidisciplinary 
ecosystem research with its relationships to human actions and management 
is focussed in the comprehensive manual of environmental sciences edited 
by Fränzle et al. (1997-2000). Modern methods and questions of applied 
landscape ecology are presented by Schneider-Sliwa et al. (1999). 

Methods of biogeography and landscape ecology have also been success­
fully used to create planning models for the development of environmen­
taHy sustainable tourism. For example, in a model study for the regions of 
Mallorca suffering under high numbers oftourists, Schmitt (1999) developed 
models designed to combine the tourist industry (which is currently essential 
for the island's survival) with ecologically stable, natural and aesthetically 
pleasing landscape development which preserves natural and culturally re­
lated diversity (Figure 1.2-4). Such work not only opens up a new field of 
application for landscape ecology, but also provides a new research approach 
for tourism geography which concentrates more on areas used by tourists 
and less on their leisure behavior. 

Approaches of landscape ecology were adopted early on by land conser­
vation and practically implemented in landscape planning and landscape 
management (Buchwald and Engelhardt 1990, 1996, Langer 1970a, 
Olschowy 1978, see Chapter 7.3). The concept of differentiated land use 
aroused great interest (Haber 1979a, 1986). It is designed to contribute to the 
greater diversification of monostructurally used cultural landscapes. In the 
case of intensively used landscapes, it provides for about 1 (I percent of the 
area being set aside as compensation land for nature conservation. Haber's 
concept has been adopted and modified by several authors (Kaule 1991). A 
broadly based integrative ecological investigation of the landscape, such as 
that offered by the methods of landscape ecology, is regarded in this connec­
ti on as the best condition for the scientifically based protection of biotopes 
and species. Nature conservation nowadays makes extensive use of inves­
tigative techniques from landscape ecology and holds the study of landscape 
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ecosystems to provide the best basis for modern natural conservation, includ­
ing in culturallandscapes (see Chapter 7.7) 

Figure 1.2-4: Landscape ecology conlributes 10 fhe harmonization o/economic branches such 
as toul'ism will! an ecologically ariented sustainable dc.'elopmenl: Peninsula Formentor 
(hoJiday iskmd l"fal!o!'ca. Spain) (Photo : 0. Baslian 1999) 

1.2.6 Landscape ccology today 

Nowadays, landscape ecology is an interdisciplinary, integrative science, 
which is geared not so much tm,vards the hoUstic survey of landscape al'eas 
of various dimensions as towards certain problems in thc landscape. On the 
one hand its tasks focus on compartments, Le. it addrcsses ecological issues 
in tllc arca of thc soH, water, the climate, populations and biocoenosis, as 
weIl as humans in connec1ion with their physical environment (Figure 1.2-
5). At any rate, an ecological issue is understood as one involving the rela­
tiooshi1' bctweeo a Iiving thing and its environment. 
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Figure 1.2-5: Landseape ee%gy as a frame of re/erence /0 severa/ discip/ines working on 
partieu/ar fie/ds of/he /andscape system 
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On the other hand, certain ecosystems (incIuding agricultural and forest 
ecosystems, aquatic ecosystems, urbanlindustrial ecosystems) formed more 
or less by human impact are tackled within the framework of landscape 
ecology, requiring the usage of special methods. Hence landscape ecology 
has been transformed from a research approach emerging in and largely con­
fined to geography into an open, interdisciplinary sphere of knowledge and 
field of application (see Chapter 1.3). 

1.3 Disciplinary and meta-disciplinary approaches in land­
scape ecology 

1.3.1 Introduction 

Traditions develop over a certain time at a certain place in history. Scien­
tific disciplines and approaches to science are properly understood as his­
torically determined traditions. Contemporary landscape ecology encom­
passes a whole spectrum of academic traditions with different approaches to 
science and education. The discussion about multidisciplinarity, interdisci­
plinarity, and transdisciplinarity is not new, neither is the application or the 
demand for the application of these approaches within landscape ecology. 
But how should they be understood in relation to landscape ecology? Is 
landscape ecology a meta-science bridging the gaps between disciplines re­
lated to landscapes? Is transdisciplinarity one approach among others in 
landscape ecology or is landscape ecology defined by transdisciplinarity? As 
the concepts of inter- and transdisciplinarity are of great importance within 
landscape ecology, this chapter will layout the development of disciplinary 
and transcending approaches and clarify them with respect to landscape 
ecology. This discussion will contribute to a better understanding of the re­
search conducted within landscape ecology. Finally, the importance of a 
transdisciplinary systems approach to future landscape ecology will be 
stressed. 

1.3.2 The development of disciplinary and transcending approaches in 
landscape ecology 

The discussions of disciplinary and transcendent approaches in landscape 
ecology are rooted in fundamental questions about the purpose and the role 
of science. Disciplinarity is a result of the historical development of science. 
Disciplines are historical entities and their boundaries were set in the past. 
By the late 1960s/early 1970s, the discussion about inter- and transdiscipli­
narity had started outside the field of landscape ecology as a critique of the 
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autonomous and elite approach of science and higher education. The critique 
of the physician Jantsch (1970, 1972) and the philosopher of science Feyera­
bend (1970) were particularly influential in setting the parameters of the de­
bate. Jantsch worked on complex systems, developed the idea of the self­
organization of the uni verse and argued for the systems view in science and 
higher education. Feyerabend tumed to become a critic of Karl Popper's 
"critical rationalism" and argued in favor of plurality of methods and ap­
proaches in science. One of the main criticisms of both was that knowledge 
is collected through a variety of disciplines, each fixed on the search for as­
sumed inherent organizing principles and criteria, and valid apriori and in­
dependent of social activity. This independence from society has been un­
derstood as a critique ofthe missing link between science and society: disci­
plinarity in science was perceived as a static principle, too inflexible to cope 
with public demands on science. Society's innovations in knowledge, experi­
ences, and actions outside academia were not transferred to science. Ex­
change among the sciences and the corresponding benefits were also lacking. 
A new approach was necessary to face these challenges. Jantsch (1970) pos­
tulated a general reorganization of research from discipline-oriented research 
through interdisciplinarity toward transdisciplinary research on complex dy­
namic systems. 

In the field of landscape ecology the debate about inter- and transdisci­
plinarity started in the 1980s (Naveh 1982, 1991 , Naveh and Lieberman 
1984, Di Castri and Hadley 1986, Zonneveld 1988) based on Jantsch (1970) 
and other early initiatives in ecology in the 1970s (Bierter 1975, Young 
1974). Since then, numerous landscape ecologists have dealt with multi-, 
pluri-, cross-, inter- and transdisciplinary concepts. Expressions and attrib­
utes like "multidisciplinary", "interdisciplinary", and "transdisciplinary" are 
often mentioned and used in the context of landscape ecology and landscape­
related research (Barret 1992, Brandt 2000a, Decamps 2000, IALE Execu­
tive Committee 1998, Jaeger and Scheringer 1998, Leser 1997, Moss 2000, 
Naiman 1999, Naveh and Lieberman 1994, Reenberg et al. 1992, Trepl 
1994, Zonneveld 1990, 1995 and others). However, it must be emphasized 
that these concepts are used rather differently by the numerous authors men­
tioned above. These discrepancies lead to confusion about the meaning and 
contents of the terms and may ultimately condemn them to be meaningless 
phrases or buzzwords. Clarification is needed. 

In the following, six modes of scientific approaches - from mono- to 
transdisciplinarity - are defined and then presented in a hierarchical model 
of organizational principles. We rely largely on the classification schema in 
Jantsch (1970), as the definitions of disciplinary classes are clearest in his 
work. We also use Naveh and Fröhlich (1996), Naveh and Lieberman (1984, 
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1994) and Di Castri and Hadley (1986) referring to Jantsch (1970) when in­
troducing the terms to landscape research. 

1.3.3 Characteristics of disciplinary and meta-disciplinary approaches 

Two main categories of approaches are distinguished: disciplinary versus 
meta-disciplinary. Mono-, multi-, pluri-, and crossdisciplinary approaches 
are regarded as disciplinary approaches because they are al1 more or less 
based on the efforts of specific disciplines. By contrast, inter- and transdisci­
plinarity are based on transcending disciplines and are considered as meta­
disciplinary approaches. The complexity of approaches increases from 
mono- to transdisciplinarity. Apart from increasing complexity, the main 
difference among the several disciplinary and meta-disciplinary approaches 
is not the number of disciplines involved but the manner in which the coop­
eration among disciplines is coordinated and organized. Interdisciplinarity or 
transdisciplinarity does not necessarily involve a large number of disciplines. 
Ecologists and economists, for instance, can work together in an interdisci­
plinary as weil as in a transdisciplinary way. This distinction makes it some­
times quite difficuIt to assess which theoretical approach was applied in 
(practical) research. One must delve deeply into the structure and organiza­
tion of research to determine how the result was achieved. 

In the following explanations, approaches are first illustrated using a 
situation involving music. This non-scientific example was chosen to make it 
easier to c1arify the differences among the various approaches. Next, the ap­
plication of the approaches to landscape ecology is discussed. 

Monodisciplinarity means the solution to a problem or a question resuIts 
from a single discipline. lt is an approach with a one-Ievel and one-goal or­
ganizing principle (Figure 1.3-1). "One-Ieveled" means that there are no rela­
tions to disciplines on other levels within the system of science. In this spe­
cial case, there are not even relations to disciplines on the same level. "One­
goaled" means that a given discipline is oriented towards one specific goal, 
looking for an answer for a certain question. 

An example of this can be seen in a field outside science, music. A single 
musician is playing a certain piece of music on a specific instrument in a 
room. Practice leads to improvement in playing the instrument and interpret­
ing the piece of music. The musician becomes an expert on his or her in­
strument, but is not able to play together with other musicians or to listen to 
them in order to learn from their ways of playing a tune. 

MuItidisciplinary approaches include a variety of disciplines that work 
simultaneously on the same subjects without building up explicit relation­
ships between them. Multidisciplinarity is a grouping of disciplines with a 
one-level, multigoal organizing principle without cooperation or coordina-
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ti on among disciplines (Figure 1.3-1). "Multigoaled" here means that each of 
the disciplines working on the same subject has a different goal that drives 
its efforts. The multiple disciplines do not influence each other nor does col­
laboration exist. 

Let us relate this concept to music: several musicians are playing in dif­
ferent rooms on different instruments. Each musician is playing a distinct 
piece composed for his or her instrument. Playing music is coincidentally the 
common activity but the musicians' goals in playing music are different. 

Monodlsclpllnarlty: 
specialization in isolation 

Multidlsclpllnarity: 
no cooperation 

Plurldlsclpllnarity: 
cooperation without 
coordination 

Crossdiscipllnarlty: 
rigid pOlarization toward 
specific monodisciplinary 
concept 

Interdlsclplinarity: 
coordination by 
higher-Ievel concept 

Transdlsclplinarity: 
multilevel coordination 
of entlfe system 
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Figure 1.3-1: Schematic view over disciplinary and metadisciplinary approaches with in­
creasing coordination and co operation (changed after Jantsch 1970) 

In multidisciplinary landscape research, the landscape itself is the com­
mon subject of all disciplines, but the reasons for conducting this research 
are different. In spite of monodisciplinarity, multidisciplinarity is present in 
landscape ecology. Landscape ecology is seen as a discipline here, dealing 
like other disciplines with landscape-related questions and problems. 
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Pluridisciplinarity refers to the purposeful grouping of disciplines at the 
same hierarchicallevel (i.e. empirical or pragmatic) side by side. Natural and 
human sciences are understood to be on the same level as scientific systems. 
They are grouped in such a way as to enhance the relationships between 
them. Like the multidisciplinary approach, pluridisciplinarity is a one-Ievel 
multigoal, organizing principle without coordination, but with cooperation 
among disciplines (Figure 1.3-1). Without coordination but with cooperation 
means that relations and exchanges exist but they are not directed towards a 
common goal. 

In music terms: several musicians are playing on different instruments in 
different rooms. Each musician is playing a distinct piece. Musicians who 
share expertise in an instrument - wind instruments, strings or percussion -
have arranged joint practice times to exchange ideas about performing mu­
sic. In this manner, each musician can make progress within his or her own 
subject but the musician is not trained to play one piece of music together 
with others. 

It can be assumed that a pluridisciplinary approach is more common in 
landscape ecology than the others stated above. Whereas in a multidiscipli­
nary approach there is no intended cooperation with other disciplines, in a 
pluridisciplinary approach to landscape ecology exchange and cooperation 
with other disciplines is intended. Simultaneously, benefits resulting from 
the efforts of other disciplines can support results of one's own work. But the 
benefits are not used strategically to reach a common goal, to solve a certain 
problem that transcends disciplines. 

Crossdisciplinarity means that axioms (principles, theorems, dogmas) of 
one discipline are obtruded upon other disciplines at the same hierarchical 
level. As a result, one disciplinary axiom is used for all disciplines. The or­
ganizational principle is a one-Ievel, one-goal approach with polarization 
towards a specific disciplinary goal (Figure l.3-1). 

In music terms: several musicians are playing on different instruments in 
different rooms. All musicians are playing the same piece by the same com­
poser, who originally composed it just for one of the instruments. All musi­
cians have to play their part in the tune and style of the instrument for which 
the piece was composed. In this manner, one instrument overwhelms all the 
others when the musicians play the piece together. 

Projects in landscape ecology are crossdisciplinary when concepts and 
goals of different disciplines are reinterpreted in the light of one specific dis­
ciplinary goal. Crossdisciplinarity seems to be rather widespread within cur­
rent landscape ecology, although it is seldom perceived and labeled as such. 
This has to do with the roots of landscape ecology in disciplines like ecology 
and geography. When landscape ecology is perceived as a spatial component 
of traditional ecological science (Ahem 1991, Bastian and Schreiber and 
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Opp 1999, Forman and Godron 1986, Leser 1997) a crossdisciplinary ap­
proach with its foundation in spatial ecology and ecosystem theory will al­
ways come to the fore (Moss 2000). Sometimes, crossdisciplinarity - or uni­
directional interdisciplinarity, as Di Castri and Hadley (1986) have labeled it 
- is approached unintentionally. A crossdisciplinary attitude may often be a 
problem in interdisciplinary projects within landscape ecology because one 
tends to privilege the own discipline above others and assumes that it should 
guide them. 

The problem of categorizing applied landscape ecological research to the 
disciplinary and meta-disciplinary classes can be illustrated with Leser 
(1997,1999) and Finke (1996). They describe landscape ecology as a disci­
pline, mainly based on an interdisciplinary research effort by geography, 
biology, and ecology. They stress the inclusion of a number of disciplines in 
landscape ecological research, but do not stress coordination towards a 
common goal among the disciplines. Additionally, the ecosystem perspec­
tive of landscape ecology dominates the disciplines included by Finke 
(1996), Leser (1997), as weil as by Mosimann (1999). This bias is the main 
characteristic of crossdisciplinary, not interdisciplinary, landscape ecology. 

In interdisciplinarity, as opposed to crossdisciplinarity and other disci­
plinary approaches mentioned above, a common axiom for a group ofrelated 
disciplines is defined. The common axiom is defined on the next hierarchical 
level within the system of science and creates a certain purpose. The orga­
nizing principle is two-leveled now, multigoaled, and with coordination on 
the higher level. It creates a two-leveled system (Figure 1.3-1). The introduc­
tion of a second level indicates that the disciplines involved are readjusting 
their concepts, structures, methods and aims to create a unified system. 

In music, this approach would mean that a group of musicians with string 
instruments (or winds or percussion) in a room are playing different parts of 
the same piece as a trio or quartet. They interpret the piece und er the coordi­
nating conduction of one of the musicians. Efforts have to be made to co­
ordinate the different tunes. 

Actually, some research projects that are considered interdisciplinary are 
de facto multi- or pluridisciplinary because no coordination on a higher level 
and no common goal exists. This misattribution can be attributed to the fact 
that some authors und erstand interdisciplinarity in a much broader sense 
than that developed by Jantsch (1970). To them, interdisciplinarity expresses 
any kind of cooperation among different disciplines (Trepl 1994). But the 
simple juxtaposition of several disciplines, such as landscape ecology, biol­
ogy, ecology, geography, landscape architecture, or economy, all dealing 
with landscapes and loosely cooperating, does not fulfill the criteria for in­
terdisciplinarity set by Jantsch (1970). It demands the integration of different 
disciplines and especially the coordination oftheir efforts towards a common 
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goal. But reported examples of effective and successful interdisciplinary 
work within landscape ecology as defined by Jantsch (1970) are still rare. 

Transdisciplinarity entails the coordination of all disciplines and sub­
disciplines related to the field of research. The basis for coordination is a 
generalized axiom and an epistemological point of view. Transdisciplinarity 
coordinates science, education, and innovations from society within one sys­
tem. In contrast to an interdisciplinary approach, the interactions between 
science and education on the one hand, and society and its innovations on 
the other are an inherent part of the approach. Transdisciplinarity cannot 
cover only scientific research but must also include education and society 
because people and interests outside the academic world are involved. lt is a 
multi level and multigoal system, embracing a multitude of coordinated in­
terdisciplinary two-level systems. On all levels multiple goals and relations 
exist (Figure 1.3-1). Transdisciplinarity's most basic principles are the sys­
tems approach and the awareness that relations exist among disciplines and 
transcend them. Coordination within the system moves toward a common 
goal, taking place on all levels of the system. The common systems goal 
steers the efforts of all academic and non-academic participants. 

In music, this situation is comparable to an orchestra of musicians with 
different instruments playing a symphony. A conductor leads the process of 
practice and performance. The musicians are not always practicing together; 
smaller groups (e.g. winds, strings, percussion) sometimes practice on their 
own to prepare their contribution to the performance. The overall goal of all 
the musicians is the group performance of the symphony in front of an audi­
ence. Together they are creating a system that shapes a new whole, the per­
formance of the symphony. But a well-functioning orchestra needs - besides 
coordination and cooperation - weil educated musicians who have expertise 
in their instruments. The instruments as well as the musicians are subsystems 
and elements within the system. The relations among them are of great im­
portance for the overall common goal. 

In contemporary landscape ecology a transdisciplinary approach is an ex­
ception, but nevertheless widely discussed and demanded, above all by 
Naveh (1999, 2000a) and Naveh and Lieberman (1994). Several interna­
tional conferences on landscape ecology and landscape research (WLO 
1998, Palang et al. 2000, Tress et al. 2001) indicated that transdisciplinarity 
will have increasing importance for future landscape ecology. Even if trans­
disciplinary landscape ecology is still an exception the groundwork can be 
found, one example of which can be seen in the work of Luz (2000), who 
considers participation of local stakeholders as crucial for landscape plan­
ning and management. In his research, public awareness and stakeholder's 
acceptance are necessary preconditions to implement holistic and transdisci­
plinary landscape ecology (see Chapter 7.12). 
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Following Jantsch (1970), the differences among the several disciplinary 
and meta-disciplinary approaches can be summarized as different sorts of 
cooperation and coordination among disciplines, interdisciplines, and non­
academic fields on varying levels and in relation to the intended goals. The 
distinction between the several approaches described above is thus mainly 
one of distinct degrees of complexity. Mono- and multidisciplinarity have 
the lowest degree of complexity, transdisciplinary the highest. Figure 1.3-2 
shows the hierarchical order of the different approaches in a model. 
Mono-, multi-, pluri-, and crossdisciplinarity can only be identified at the 
lowest hierarchical level. Interdisciplinarity can be identified at two hierar­
chical levels, while transdisciplinarity includes all hierarchical levels. 

----------------------------------------------------------------"-

t Transdisciplinarily ,,/ " .. 

---------------------- ------------- ------------------- '/'/ """ jlnlerdiSCiPlinarilY ,/ ''' .. , , , , 
______ ____________ ___ _ ____________ _ __________ ,~:,// «---7 """" I ,/ ~ ( ) ", , , 

r~n~-~~~~~\~:~~~;~~---- ----------------~~)/ ~ """" 
----- -------------- - ---- - -- - - -- -- -- ,- - ---------------------- -- --------- ---------------~. 

Figure 1.3-2: Hierarchical model 0/ the organizing principles 0/ disciplinary and meta­
disciplinaryapproaches 

1.3.4 Disciplinary and meta-disciplinary landscape ecology 

As the above mentioned examples have illustrated, landscape ecological 
research, practice, and the demands on landscape ecology are oscillating be­
tween multidisciplinarity and transdisciplinarity. And therefore one could, in 
the words of Wiens (1992), ask the legitimate question: "What is landscape 
ecology, really?" Yet in spite of the multiplicity of concepts, Brandt (1998), 
Moss (2000), and others identify two main directions within current land­
scape ecological research, education and practice: the first is the spatially 
oriented field of landscape ecology, based mainly on ecology and geo­
graphy and closely related fields. The second is a broad conglomerate of 
many disciplines, connected through the landscape as a common object of 
interest, rooted in different schools and traditions and with more or less co­
ordination towards a common goal. While the first trend is oriented towards 
multi-, pluri-, or crossdisciplinarity, the second is oriented towards inter- or 
transdisciplinarity, stressing that the latter is the goal for the future. The 
main difference between the two directions is that in the first case knowl­
edge of landscape ecology is only loosely linked (Hobbs 1997) because a 
few disciplines are working together in a more or less uncoordinated way, or 
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work under the leadership of dominating disciplines like ecology. In the sec­
ond, a broader range of disciplines works together, trying to integrate and 
order their knowledge in a common effort while acting as equal partners. If 
efforts are made towards transdisciplinarity, then even non-scientific knowl­
edge, i.e. from stakeholders, is part of the common research effort. Accord­
ingly, the former trend in landscape ecological research, education and prac­
tice is considered disciplinary landscape ecology; the latter is meta­
disciplinary landscape ecology. 

1.3.5 Positioning future landscape ecology 

Now that recent landscape ecology studies can be identified as either dis­
ciplinary or meta-disciplinary the question arises as to future directions? Dif­
ferent concepts can be found among landscape ecologists. For Golley (1988) 
and Wiens (1992) the future of landscape ecology was identified and de­
fended as a spatially oriented ecology. Hobbs (1997) stressed the lack of in­
tegration of knowledge brought together from different disciplines. This lack 
of integration of knowledge was also claimed by Moss (2000). In his opin­
ion, both directions limited their ability to provide solutions at alandscape 
scale. The first direction reduces the applied theories, methods and the prob­
lem context to the interest ofthe dominating discipline. The second direction 
loses a transfer of knowledge and misses the development of theoretical base 
because of its temporal character. Landscape ecology could make itself 
stronger within the scientific community if it would be and act like an ordi­
nary discipline (Moss 2000). 

Another proposal is made by Brandt (1998). He concludes that both di­
rections are necessary to the future of landscape ecology. A meta­
disciplinary approach to landscape ecology must have a disciplinary basis to 
build on and to transcend (Decamps 2000). Meta-disciplinary landscape 
ecology needs disciplinary landscape ecology because of its higher level of 
complexity. When working on the highest level, transdisciplinarity, lower 
levels of complexity are always inc1uded. The complexity issue is the most 
challenging one for future landscape ecology and must be considered care­
fully in future research, education and practice as highlighted by Naveh 
(1999) and Naveh and Fröhlich (1996). 

From the mid-1990s, it became clear that the complex environmental and 
related social problems could not be solved with a narrow approach to land­
scape ecology, relying only on knowledge from ecology, geography and 
c10sely related fields. Brandt (2000), Di Castri (1997), Hobbs (1997), Li 
(2000), Moss (2000), Naveh (1995) and many others stressed that complex 
problems could only be solved with an increasing effort to co ordinate all the 
skills available. New knowledge is required within established disciplines 
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and at their edges, and new ways of communication are necessary (Decamps 
2000). But obviously the ongoing debate has not led to fundamental changes 
in the approaches applied in landscape ecology until now. Naveh (2000a) 
remarked that the crossing of disciplinary boundaries has not yet been 
reached. The development in landscape ecology has led to the designation of 
many specialists with subjects and skills related to landscapes. But progress 
in science is determined not only by analysis but also by synthesis (Brewer 
1995, 1999, Mittelstrass 1993). Problems have to be seen in a larger context. 

To position future landscape ecology between disciplinarity and meta­
disciplinarity and to maximize the full benefits of both directions, an ap­
proach must be applied that can both solve problems and integrate knowl­
edge instead of segregating it. To fulfill these demands simultaneously, a 
transdisciplinary approach based on systems view must be applied to land­
scape ecology. 

1.3.6 The need for a transdisciplinary systems approach to landscape 
ecology 

An approach to landscape ecology that meets the above-mentioned de­
mands will rely on a certain understanding and perception of landscape. In a 
transdisciplinary approach, landscape is understood as a complex system that 
comprises the geo-, bio-, and noosphere subsystems. The perception of land­
scape is holistic; people perceive "a whole which is more than the sum of its 
composing parts" (Smuts 1926). This holistic systems view of ordered 
wholeness differs from the reductionistic and mechanistic view of nature in 
which complex phenomena are broken down and analyzed through their re­
duction, isolation and fragmentation into elementary parts. 

In the 20th century, scientists in physics and biology and later in many 
other disciplines discovered systems of high complexity acting as integrated 
wholes (Capra 1996, Checkland 1986, Gräfrath et al. 1991, Jantsch 1980, 
Laszlo 1998). This knowledge spread and by the end of the 1930s, biolo­
gists, psychologists and ecologists had formulated what later was called the 
systems view. This is not a static, but rather a dynamic concept; it does not 
perceive the world as a fixed reality, but as an ever-changing phenomenon 
that might be unstable, uncontrollable, even chaotic (Gleick 1988, Laszlo 
1987). Systems theory developed tools to handle these "unpredictabilities". 
Within systems theory it was also discovered that all living organisms (in­
cluding the earth) have a hierarchical organization, which means that all sys­
tems consist of subsystems (Bowler 1981). This recognition reveals one of 
the most important characteristics of systems theory: it focuses on the con­
nections and relationships among elements in a whole instead of looking at 
its separate parts. "ln [the] systems paradigm the objects are seen as net-



B. Tress & G. Tress 35 

works of relationships embedded in larger networks" (Oreszczyn 2000). This 
knowledge is essential in landscape ecology. 

Transdisciplinary landscape ecology requires the integration of the geo­
sphere with the biosphere and the noospheric human-made artifacts of the 
technosphere (Naveh 1991). Landscapes consist of material and cognitive 
systems. Material systems include concrete parts of the biophysical world of 
the geosphere and the biosphere, while cognitive systems include the mind­
directed part of the noosphere. The noosphere is understood as the mental 
sphere of humans that is characterized by perception and reflection and 
where humans interact with the physical-material reality of geo- and bio­
sphere (Tress and Tress 2001 a). Landscapes are the visual product of this 
process. Naveh (1995) defined landscapes therefore as the "tangible meeting 
point between nature and mind" . Alandscape does not exist as such without 
relationships among elements that impact each other. Holistic landscape 
research requires an approach that bridges these scientific traditions, an ap­
proach based on transdisciplinarity and systems theory (Tress and Tress 
2001a). 

Figure 1.3-3: Landscape is a system ofinterwoven elements and not a distinct object; Taurus 
Mountains (Turkey) (Photo: 0. Bastian 1997) 

Systems are mental constructs. They can be abstract, such as a melody, a 
symphony, or a poem, which are more than the individual notes and words 
of which they are composed. They can also be concrete, such as a watch, 
which becomes more than its wheels and screws, functioning together for the 
measurement of time (Naveh 2000c). To see landscape as a system of inter­
woven elements and not as a distinct object has consequences for research 
on landscapes (Figure 1.3-3). No longer is the researcher a remote ob server, 
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but part of the landscape, part of the observed system of inquiry (Oreszczyn 
and Lane 2000). Thus research with a transdisciplinary systems approach 
will always reflect the personal views of the researchers involved. 

The central theme of landscape ecology is defined by Naveh and Lie­
berman (1994) as the study of the complex totality of all landscapes on earth 
and the safeguarding oftheir integrity, health, and natural and cultural diver­
sity. In landscape ecology attention is given not only to the natural dimen­
sions, but also to historical, cultural, social, political, and economic aspects. 
Humans must be regarded as an inherent part of the system, as interacting 
and co-evolutionary components, and not as extemal factors disturbing the 
natural system. But as the relationship between humans and the landscape is 
mutual, it must be stressed that we as humans are not only part of the land­
scape but that the landscape is also part of us. In the course of cultural and 
technological evolution humans add new emerging structural and functional 
qualities to the natural dimensions. Together with their total environment, 
humans form the highest level of ecological hierarchy on aglobai scale, the 
Total Human Ecosystem (Egler 1970, Naveh 1982, Naveh and Lieberman 
1994). The Total Human Ecosystem is the complex sum of all landscapes, 
interacting and integrating with human beings. It is suggested as a guiding 
conceptual principle for a transdisciplinary and systems-based approach to 
landscape ecology. Whereas the geosphere, biosphere and noosphere can be 
understood as subsystems of the landscape, the Total Human Ecosystem is 
the conceptual suprasystem (see Figures 1.3-4 and 1.3-5). 

Figure 1.3-4: he Total Human Ecosystem is the complex sum 0/ aIllandscape parts which 
humans are integrated and interact: Landscape at the Vltava river mouth to the Eibe River 
near Melnik (Czech Republic) (Photo: 0. Bastian 1989) 
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The system view of landscapes combined with the Total Human Ecosys­
tem is the main paradigm for holistic landscape ecology. 

Total Human Ecosystem 

Totality of alllandscapes 

Noosphere Geosphere 

Figure 1.3-5: The Total Human Ecosystem 

Biosphere 

1.3.7 Transdisciplinary landscape ecology: towards a "post-modern 
science" 

If landscape ecology would like to contribute to the solution of the in­
formation society's problems with environmental threats, landscape changes 
and sustainability, and if these problems are perceived as complex relations 
among elements, landscape ecology must apply transdisciplinarity. This re­
alization brings us back to the initial question as to the role of landscape 
ecology in science and society. Here, we argue in favor of landscape ecology 
as a scientific field able to bridge the gaps among disciplines on the one 
hand and among science and society on the other. A transdisciplinary sys­
temic landscape ecology as a post-modern science could deal with the com­
plexity of life in the 21 st century. It would be the end of linear and the begin­
ning of non-linear network and systems thinking within landscape ecology. 
A post-modern landscape science would house innovation and tradition, 
creativity and knowledge, spontaneity and planning. Di Castri (1997) argues 
that landscape ecologists can either be committed actors or critical but mar­
ginal spectators of the game. Adopting the former requires transdisciplinary 
landscape ecology, which opens a constructive dialogue between science and 
society in relation to the landscape. 
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1.4 Landscape ecology in different parts of the world 

1.4.1 Introduction 

There are apparently many different ways of "doing landscape ecology". 
This diversity is evidenced from the program of recent international meet­
ings, such as the last IALE World Congress in Snowmass, Colorado (Palang 
et al. 2000, Wiens and Moss 1999) and key journals, such as Landscape 
Ecology, and Landscape and Urban Planning. Are we in aperiod when there 
are several competing paradigms within the subject area, or is there more 
than one way to look at the world? 

Questions about the content and character of landscape ecology are not 
merely academic ones, for there are evident tensions within the field . Leser 
(1976) provides an early account of the historical roots of landscape ecology 
(see Chapter 1.2). More recently, other commentators have considered the 
nature ofthe developing field for study. For example, landscape ecologists in 
Europe have questioned what they see as the growing dominance of the 
"American Tradition", which pays little regard to the deep roots of the sub­
ject in continental Europe (Bastian 2001 , Haber 1996). As Antrop (2001) has 
shown, for example nearly 50% of the papers published in Landscape Ecol­
ogy between 1987 and 1999 came from the North American study area. AI­
though US commentators usually mention where the term comes from, and 
stress the fact that the European, Carl Troll, was a biogeographer, the impli­
cation is that ecology is the main science that underpins the field (Sanderson 
and Harris 2000, Turner 1989, Turner et al. 2001a). The "cultural tradition" 
that characterizes much European work is often ignored. Elsewhere, Moss 
(2000) has argued for the development of a more distinctive approach to 
landscape ecology in Canada. With the founding of many nationalIALE 
groups in Europe, it is likely that differences between the various approaches 
to landscape ecology will become apparent. This has certainly been the case 
in Germany, where one stimulus for the formation of anational IALE re­
gionin 1999 was the desire to create a better platform for the German tradi­
tion. 

Bastian (2002) suggests a variety of factors may be responsible for the 
lack of any unity in the way people approach landscape ecology, inc\uding: 

- historical factors shaping the development of traditions in different coun­
tri es, 

- differences in the emphasis placed on the theoretical and practical aspects 
of the subject, and 
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- differences in the questions and issues faced by ecologists in different 
places. 
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This chapter explores these issues further and reports the results of a re­
cent survey of landscape ecologists from a number of countries about the 
character and context ofthe subject area. The results provide a focus for dis­
cussion about the different approaches to landscape ecology, and the ideas 
that underpin its methods, concepts and theories. 

1.4.2 Contrasting approaches to landscape ecology 

A short questionnaire about approaches to landscape ecology was sent 
via e-mail to all members of five different IALE-regions, Canada, Denmark, 
Germany, UK and USA. Altogether 513 questionnaires were se nt out and 
there were 286 replies, from which the data in this chapter have been re­
ported. The results in this Chapter are based on analysis of four of the na­
tional groupings. When interpreting the data the weaknesses of surveys such 
as this must clearly be born in mind (Lamnek 1995). At the outset, for ex­
ample, it must be noted that the survey was of IALE members, which may 
not be representative of landscape ecologists in general. Moreover, we have 
no idea about the views of those contacted who did not reply. Nevertheless, 
the data do provide some insights into the current "state of play" in land­
scape ecology. 

The survey asked respondents to locate their education and their present 
approach to landscape ecology on a graph (Figure 1.4-1). On the graph, the 
y-axis picked out the spectrum between the two main sources disciplines for 
landscape ecology, namely the mother disciplines to landscape ecology, ge­
ography and biology/ecology (Bastian 2002). The x-axis set out the spectrum 
between "basic" and "applied" science. Only 5% out of the respondents had 
difficulties in locating their approach on the graph. The results are summa­
rized in Figure 1.4-1, which was constructed by counting the number of re­
spondents that placed the "center of gravity" oftheir area of interest in one or 
other of the four quadrants of the graph. The numbers of respondents in each 
sector of the graph by region are shown in Table 1.4-1. The size and shape of 
the area representing each national group indicates subjectively the spread of 
the answers received. 

The results shown in Figure 1.4-1 suggest that there are distinctive na­
tional groups. Landscape ecology in the UK, for example, seems to be 10-
cated between those of Germany and the US, in terms of their links to geog­
raphy and biology/ecology. Respondents from the US group feit themselves 
to have a more "ecological" background. By contrast, the German respon­
dents saw themselves as having a more "geographieal" background, although 
it is clear from the work of Haber (1996), Bastian and Schreiber (1999) and 
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Beierkuhnlein et aI. (2000) that astronger biological tradition may be devel­
oping in recent years. 

Table 1.4-1: Resulls of queslionnaire survey asking landscape ecologisls form four IALE­
regions aboul Iheir educalionlbackground. (G = geography, BIE = biologylecology, B = ba­
sic science, A = applied science). Numbers are given in absolute and % in brackets 

G - B G - A B/E - B B/E - A Total (%) ofsent 

Canada 0.0 4.8 0.0 7.2 12 (28 .6) 
(0) (40.0) (0) (60.0) (100) 42 

Germany 33.0 4.0 12.0 3.0 52 (51.0) 
(63.5) (7.7) (23.1) (5.7) (100) 102 

UK 6.45 6.3 18.0 11.25 42 (45.3) 
(15.4) (15 .0) (42.9) (26.7) (100) 95 

USA 3.75 7.5 32.5 11.25 55 (20.1) 
(6.8) (13.6) (59.1) (20.5) (100) 274 

Figure 1.4-1 : Summary of Ihe results of the queslionnaire 10 determine Ihe background of 
landscape ecologislS. The summary is based on Ihe data for 151 respondents shown in Table 
1.4-1 (after Potschin, in prep.) 

Moss (2000) has stressed that there is no single North American ap­
proach to landscape ecology. This observation seems to be supported by the 
resuIts ofthe survey, wh ich placed US and Canadian respondents in different 
parts of the graph. The latter saw themselves more as applied scientists than 
those in the USA. 

A second question in the survey asked the respondents to consider the 
disciplinary links that were appropriate for landscape ecology. Respondents 
were asked if they feIt that landscape ecology was interdisciplinary, and to 
suggest what other subject contrasts might be placed alongside the y-axis of 
the graph. This question was designed to foIIow-up issues such as those 
identified by Moss (2000), who suggested that there is a gap between how 
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landscape ecologists thought they should approach their research and the 
way it is still done by the majority of scientists (Table 1.4-2). 

Table 1.4-2: Constructs in landscape ecology and their /imitations to developing the problem­
solving abilities of the field ([rom Moss 2000, modified) 

Constructs in landscape ecology 

Landscape ecology is a spatially oriented, 
sub-component of the discipline of ecology, 
with a firm foundation in ecosystem theory 

Landscape ecology is an overarching inter­
disciplinary focus, which comes together at 
times, in various combinations to solve par­
ticular problems; that is, it is either as goal­
oriented or inter- or transdisciplinary 

Limitations to developing the problem solv­
ing abilities 

Dominance imposed by the Olle discipline 
based upon the theory and techniques devel­
oped within that discipline. This discipline 
base is furthermore only relevant for a par­
ticular component ofthe landscape (e.g. the 
plant and animal community) that is funda­
mentally more extensive and .inclusive than 
the biotic component at the Earth's surface. 

Whereas the immediate research problem 
may be solved, the abilities 01' a particular 
interdisciplinary team will be lost, its reason 
for existing will disappear, and ist ability to 
transfer its knowledge to other, unrelated 
problem areas will be severely limited. Con­
sequently a body of defined knowledge and 
a systematic theoretical framework does not 
develop. 

Although many landscape ecologists saw themselves as working primar­
ily within one discipline area (Figure 1.4-1), many (70%) supported an "in­
terdisciplinary" approach. About 9% believed landscape ecology to be a 
mixture of geography and biology/ecology and alandscape planning, man­
agement and/or architecture discipline. A further 19% simply suggested that 
we needed more than the two already indicated on the axis, without being 
specific. Most respondents (42%) suggested that there was a need to com­
bine the natural sciences with the environment related social sciences and 
economics. It was apparent, however, that there were differences between 
the different national groupings. The majority of US respondents, for exam­
pie, interpreted "interdisciplinarity" in terms of the need for links between 
ecology and another science area, such as GIS, remote sensing, statistics, 
computer science. The extent to which respondents were arguing for a "mul­
tidisciplinary" rather than an "inter-" or "transdisciplinary" approach was 
unclear (for definitions and description of these terms see Chapter 1.3). It is 
interesting to note that only 4% ofthe answers from US-Iandscape ecologists 
suggested that collaboration with social scientists and economists was essen­
tial, whereas about 25% of respondents from the UK and 35% from Ger­
many saw such a link as desirable. 
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The results of questionnaire survey suggest that overall landscape ecolo­
gists still see themselves as being deeply rooted in either geography or ecol­
ogy/biology, but that there is a gap between current practice and the way 
people thought the field should develop. The results support the observations 
of Moss (2000) relating to the tensions between a discipline focused on a 
single subject area and a more interdisciplinary approach. However, the re­
sults highlight that there is little consensus as to what this multidiscipli­
nary/interdisciplinary approach might involve. Just as there are clear differ­
ences between national groupings in relation to current approaches to land­
scape ecology, so c1ear differences emerged between national groups over 
the possible desirable directions of future practice. It seems unlikely, there­
fore, that there will in the future be any less diversity in the approaches 
adopted by landscape ecologists than there is at present. 

1.4.3 A developing research agenda: broadening the perspective 

Various commentators have attempted to review landscape ecology's re­
search agenda from the contents of the published literature. In the early 
1990s, for example, Wiens (1992), analyzed papers in "Landscape Ecology" 
for the period 1987-1991, and concluded that output mainly focused on the 
following areas: 

habitat fragmentation, 
reserve design, 
maintenance of biological diversity, 
resource management and 
sustainable development. 

Figure 1.4-2: Hedgerows and greenways are one 0/ the main issues in landscape ecology: 
Hedge landscape in the Bohemian Low Mountains (Czech Republic) (Photo: 0. Bastian 1998) 
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Antrop (2001) extends this type of analysis through to 1999 and consid­
ers both mainstream landscape ecological journals and published material in 
a leading planning journal (Figures 1.4-2 and 1.4-3). Based on a broad 
analysis of 3571 concepts in Landscape Ecology, he argues that the two 
fields share many common concerns, the most important issues relate to land 
use and land cover, spatial structures and processes of change. Although the 
scientific concepts have important practical application, however, the links 
between theory and practice are often unclear. 

Figure 1.4-3: The consideration ojspace 
and time is a crucial principle in land­
scape ecology finding expression jor 
example in landscape change studies. 
Traditional small-scale agricultural 
landscapes (here near Pinczow, Poland) 
are vanishing more and more (Photo: 0. 
Bastian 1986) 

Table 1.4-3 builds on the work of Antrop (2001), Bastian (2001) and oth­
ers by documenting landscape ecological work relevant to those concerned 
with landscape planning and management. The approaches and concerns are 
related to the national groupings, which have been broadened to include con­
tributions from a wider range ofEuropean countries and Australia. 

Although such reviews of the contents of the landscape ecological litera­
ture can take us so me way to understanding the concerns of the subject area, 
such analyses are, by themselves, limited. It could be argued" for example, 
that it is not content alone that characterizes landscape ecology but also its 
methodological approach, which in the "post-Rio world" of sustainable de­
velopment implies a more transdisciplinary perspective (see Chapter 1.3). 
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Indeed one could go so far as to suggest that only by taking account of the 
linkages between different discipline areas does landscape ecology take re­
search beyond what is geographical, ecological or biological. Table 1.4-4 
summarizes the kinds of methodological criteria that might be used to char­
acterize the modern landscape ecological perspective. 

Table 1.4-3: Overview 01 key concepts and methods Irom a survey 01 recent landscape eco­
logical publications that are 01 value in an applied context. The topics lollow Antrop (2001). 
Relerences were selected to illustrate and compare the range 01 concerns; the selection 01 
papers in each category is not exhaustive (after Patschin, in prep) 

concepts and methods of value to those country selected references 
concerned with landscape management 

theory group (e.g. landscape ecology, sustainability, inter-/transdiscipl., equilibrium) 
- sustainable landscapes England/ Haines-Y oung (2000), 

- understanding ecosystem health and 
integrity and self-organization of eco­
systems as the basis for sustainable 
landscape management 

- acceptance/application of landscape 
planning projects (transdisciplinary 
approach) 

Switzerland Potschin and Haines-Y oung 

USA 

Germany 

Germany 
Austria 
Australia 

(2001) 
Karr (2000) 
Pimentel et al (2000) 
Barkmann et al. (2001) 
Kutsch et al. (2001) 
Potschin and Haines-Y oung 
(2001) 
Luz (2000) 
Katter et al. (2000) 
Lefroy et al. (1991) 
Dilworth et al. (2000) 

methods group (e.g. quantitative analysis, evaluation, quality assessment) 
- methods of analyzing of the current Germany Richter and Kugler (1972), 

"state ofthe landscape" (base-Iine sur- Leser and Klink (1988), 
vey) Zepp and Müller (1999) 

- monofunctional evaluation ofthe state Germany Niemann (1977), 
of the landscape and against specific Bastian and Schreiber (1999) 
project proposals 

- polyfunctional evaluation methods 
(esp. fuzzy logic) 

Germany 

- ecological environmental assessment UK 
- analysis of interaction between key Australia 

components or sub-systems in the land- Switzerland 
scape 

Grabaum (1996), 
S yrbe (1996) 
Treweek (1999) 
Hobbs and Saunders (1993) 
Waffenschmidt and Potschin 
(1998) 

- approaches to evaluating multifunc­
tional landscapes 

Conference: Brandt et al. (2000), 
European ap- Brandt and Vejre (in press) 
proaches Tress et al. (2001) 

change and history group (e.g. disturbance, long-term changes, landscape history) 
- understanding ecological history and Sweden Skänes (1996a) 

landscape memory Finland Vuorela (2001) 
Germany Konoid (1996) 
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- landscape and disturbance USA Turner (1989), 
Turner et al. (200la) 

concepts and methods of value to those country selected references 
concerned with landscape management 
application group (e.g. planning, conservation, restoration, perception/aesthetics) 

ecosystem services and the concept of Netherlands De Groot (1992), 
natural capital De Groot et al. (2001) 

- understanding of spatial processes to 
design alandscape by biodiversity 
outputs 

- green multifunctional networks 
(greenways) 

- hedgerows: network structure as an 
aid to redesign agricultural areas also 
affect ofhedgerows on hydrological 
processes 

- nature reserve design biodi versity 
- (isolation/connectivityetc.) 
- effects of landscape fragmentation and 

metapopulations 

Australia CSIRO (200 I) 
UK Turner et al. (2001 b) 
USA Costanza (2000) 

Netherlands 
Slovakia 

Sweden 

USA 
New Zealand 
UK 
FrancelUK 

USA 

USA 

Germany 

Netherlands 

Harms et al. (1993) 
Miklos (1988) 

Mortberg and Wallentius 
(2000) 
Lindsey (1999) 
Viles and Rosier (2001) 
Barr and Petit (2001) 
Baudry et al. (2000) 

Forman (1995) 

Forman (1995) 

Blaschke (2000), Blaschke 
and Petch (1999), Jaeger 
(2001) 
Opdam et al. (1995) 
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In the upper part of Table 1.4-4 criteria are suggested that typify what is 
essentially "landscape ecological" when it is viewed from a transdisciplinary 
perspective. The table makes the distinction between what might be terms 
basic and applied science, to emphasize the point that not all the criteria 
have to be met each time before one could say that a given paper was prop­
erly "landscape ecological". Rather, it is suggested that it is the combination 
of subject-related material at the landscape level with at least one or more of 
the methodological criteria that emphasizes the holistic aspect of the prob­
lem area investigated that marks out the contribution as belonging more 
properly to landscape ecology. There is no implication that every paper must 
involve a whole range of disciplines, but it should provide insights into how 
the knowledge or understanding provided fits into or solves a wider inter- or 
transdisciplinary problem. 
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Tabte 1.4-4: Criteria of alandscape ecological research question (LE = Criteria should be 
integrated in alandscape ecology as a basic science, ALE = Criteria related to applied land­
scape ecological research) (after Potschin, in prep.) 

criteria description LE ALE 
inter- and/or transdis- X X 
ciplinary approach 
(for terms see Chapter The outputs from landscape ecological research ques-
1.3) tion should be "science" and "practitioner" related - X 

from the beginning. 
- Besides addressing basic science issues, landscape 

ecological research questions should be problem-
orientated (Naveh 2000). 

- Including participation according to Luz (2000) 
and Hobbs (1997). 

If we talk about inter-/transdisciplinary approach, the X X 
environment related social science and economics 
must go along with nature science. 

analyzing complexity Regarding Smuts (1926) or Naveh and Lieberman X X 
(1994): "The whole is more than the sum ofits parts." 

teamwork Taking sustainability into account, the landscape ecol- X X 
ogically research question can only be answered by a 
team. 

interaction between Analysis or take into account bi-lateral or to poly- X X 
parameters taken into lateral interactions ofthe system (Waffenschmidt and 
account Potschin 1998). 

_!~_e_!"~~~!,!.c.~ ~~~~~i~.~ ..s!J_~II!~ _~~ : __ . ___ .. ______ .. _ .. ____________ . ___________ ----- -------
- The "human- These aspects should be directly or indirectly be taken X X 

environment" rela- into account. Does the published research present 
tion is the main re- basic science (i .e. a disciplinary approach is used) or 
search focus. does the research question have an inter-

- ecology/ environ- /transdisciplinary background. X X 
ment based research 
question 

- landscape related X X 

- take the dynamics X X 
of the system into 
account 

- goal related - X 

- leitbild related - X 

- towards sustainabil- X X 

ity 
- new landseape eco- The eombination of diseiplinary based methods is one X X 

logical methods step, integrating methods are still missing in landscape 
eeology (esp. multieriteria evaluation, eonflicting 
val ues ete.) 

Antrop (2001) found that half of the papers submitted to Landscape 
Ecology (49%) and Landscape and Urban Planning (52%) related to the or-
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ganization level below "the landscape", and it is argued here that they should 
therefore be regarded as "ecological studies" rather than "landscape ecologi­
cal" ones. 

1.4.4 H's a hard world out there! 

As we attend our landscape ecological conferences and read our journals, 
it is easy to inhabit a rather cozy world in wh ich we can believe that what we 
do is relevant and respected. However, it's a hard world out there. Consider, 
for example, one response received from the questionnaire survey which 
suggested that " ... most of the research published in Landscape Ecology jour­
nals are rather too poor to publish in their own discipline. They do not fulfill 
the demands of the single science and so they found their niche in Landscape 
Ecology." The way others see us is therefore c\early very important. 

If our contribution to questions about the way people manage the envi­
ronment are to be valued scientifically, and find a place at the decision­
maker's table, then we have to be c\ear and perhaps more rigorous in our 
thinking about what we do. The "take-horne message" from the question­
naire survey and reflections on recent trends in the literature that are summa­
rized in this chapter is that this diversity in landscape ecology is not by itself 
a problem, providing we view it is a broad, inter-/transdisciplinary context. 
Landscape ecology is not, perhaps just another discipline that aims to do 
more or different kinds of "geography", "biology" or "ecology". Rather, it is 
a movement that seeks to transcend traditional subject boundaries and under­
stand environmental patterns and processes in a broader context, from the 
joint perspectives of both the social and natural sciences. Landscape ecology 
is a platform on which we can learn for other fields of interest and exchange 
and shape our own particular insights into a landscape-related problem. This 
position is similar to that by Decamps (2000) who, for example, has argued 
that activities wh ich are "developing activities at interdisciplinary inter­
faces", or which aim at "linking the hard sciences to the social", must be 
based on "specific and precise disciplinary skills". 

Through human action, our landscapes appear are changing faster than 
researchers can provide decision makers and practitioners with the informa­
tion and understanding they need to develop appropriate strategies for sus­
tainable development. If we, as landscape ecologists, are to provide any in­
sights into the nature and implication of such changes, then we must go be­
yond discussions of diversity of subject matter and focus more c\early on 
what methodologically makes landscape ecology a strong and relevant sub­
ject for study. 
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Landscape structures and processes 

O. Bastian, C. Beierkuhnlein, H.-J. Klink, 1. Löffler, U. Steinhardt, M. Volk, 
M. Wilmking 

2.1 Verticallandscape structure and functioning 

2.1.1 Landscape spheres 

Landscape is part of the uninterrupted global wrap defined as one of the 
axioms of geography by Neef (1956, see Chapter 1.1). At every single spot 
of the earth's surface landscape can be regarded as a very complex phe­
nomenon with one vertical dimension (vertical to the surface). In this first 
geographical dimension the landscape sphere (Haase 1979) is analyzed as 
to its vertical differentiation and interconnections of sub-spheres and com­
partment spheres. The subdivision of the landscape sphere into a natural 
sphere (Naturraum) and an anthroposphere (Kulturraum) shows that land­
scape disposes of a physical body within amental and spiritual surrounding 
structured by different compartment spheres (see Chapter 1.3). The com­
partment spheres are intensively influencing each other by means of func­
tional interchange and are partly overlapping and integrating each other. 

Since most of the energy coming from the sun is essential for abiotic and 
biotic processes within the landscape the cosmosphere can be considered as 
an outer layer surrounding the landscape sphere (Zonneveld 1995). The up­
per part of the massive inorganic mass of the earth (lithosphere) is trans­
posed into coarse and fine material through weathering as apart of the total 
water on the earth (hydrosphere). Parts of the energetic and gaseous layers 
around the globe (atmosphere) are working on the lithosphere. All the organ­
isms including flora (phytosphere), fauna (zoosphere) and human beings are 
represented by the biosphere that, on the one hand, is influencing the devel­
opment of humus and soil within the pedosphere, whilst the biosphere is in-
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tegrated into the intersection of litho-, hydro- and atmosphere. On the other 
hand, the biosphere is depending on the whole natural environment, which in 
turn is structured by a11 natural compartment spheres. The earth's surface 
itself can be regarded as an epidermis structured by endogenetic and exoge­
netic processes forming different relief features (toposphere). The topo­
sphere is part of the geomorphosphere as mass movement and accumulation 
integrating processes within the atmosphere, hydrosphere, pedosphere and 
biosphere are responsible for relief formation. From a natural scientist's 
point of view the "natural sphere" (Naturraum) can be regarded as an open 
system comprising the upper lithosphere, the lower part of the atmosphere 
and hydrosphere as weil as the total pedosphere, geomorphosphere and bio­
sphere. 

Humans are not only a natural part of the biosphere but influencing the 
natural sub-sphere intentiona11y as has been explicitly referred to by Herz 
(1966). Hence, the so-ca11ed anthroposphere, like the natural sphere, can be 
distinguished into several compartment spheres as we11, mutually influencing 
the natural body ofthe landscape by means ofmental and spiritual activity of 
man. Human impact on the landscape sphere expresses itself in e.g. techno­
logical constructions, works of art and modified natural environment. The 
compartment spheres of the anthroposphere can be differentiated into the 
organization and structure ofthe society (sociosphere). 

These are: 

1. the cultural background which influences the social values and standards 
by means oftradition, religion and fashion (cultural sphere), 

2. the economy and economic structure (economic sphere) defining the 
framework of human activity, and 

3. the technical infrastructure, technology and techniques (technosphere). 
While social, cultural and economic spheres are non-material spheres per 
se the technosphere, like the natural compartment spheres, is also being 
represented by means of material substance (buildings, traffic, etc.). 

The material part of the landscape sphere model leads to the point of 
drawing connections between natural resources and anthropogenetic proc­
esses within the landscape sphere. As shown in Figure 2.1-1, the natural re­
sources comprise the compartment spheres within the natural sub-sphere; 
they are exploited by human society and transformed into artificial or semi­
natural matters. Land use in the widest sense is regarded as human activity 
within the landscape including nature conservation, recreation, forestry, ag­
riculture, industrial buildings, housings, roads/traffic, etc. 

Land use activities and landscape development are always determined 
towards the current natural resource structure taking advantaging factors of 
the natural environment into consideration (e.g. soil fertility, groundwater 



J Löffler 51 

storage, building ground, etc.). The use of natural resources results in a com­
p\ex spatial land use structure with different types, intensities and dynamics 
of land use. In this sense, landscape can be defined as nature being more or 
less influenced by human society within which all natural components and 
social activities are determined by naturallaws. According to this approach 
terms like naturallandscape or cultural landscape do not make sense 
(Billwitz 1997). 

anthropogenetic processes afland use 

Although landscape ecology does not just deal with landscape structure 
per se the inventory of objects and attributes often forms the basis for land­
scape analysis (see Chapter 3.2). The measurement of landscape processes is 
the attempt to characterize ecological functioning within the balance of na­
ture. 

2.1.2 Verticallandscape structure and the econ-concept 

The vertical landscape structure is analyzed within the scope of micro­
scale approaches focussed on the correlation between different structural 
elements. In Germany landscape ecological methodology is based upon the 
theoretical concept of the "homogeneous natural sphere" (Billwitz 1997) or 
"landscape ecological site" (Leser 1997). Actually, those sites only exist in 
theory. Nevertheless, landscape can hardly be analyzed without using a spa­
tial frame for the installation of technical equipment for empirical measure­
ments in order to transpose obtained data into a corresponding landscape 
unit. As far as horizontal homogeneity is concerned it has been suggested to 
define a smallest landscape unit for methodological reasons. Different 
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terms have been introduced by several authors but these definitions are not 
always corresponding although following the same idea (Billwitz 1997, 
Jenny 1958, Klug and Lang 1983, Leser 1997, Naveh and Lieberman 1994). 
It is suggested to define a new term with international validity: The econ is a 
concrete part of the landscape with vertical structure of landscape compo­
nents. These components are detennining characteristic processes between 
the compartment spheres of the landscape. Thus, an econ is a small area that 
has been chosen out of a larger landscape unit serving as a basis for the 
analysis of verticallandscape structure and functioning. 

In this sense, an econ is not an ecotope (see Chapter 2.2) that can be 
mapped and characterized within its concrete spatial extension but a repre­
sentative part of it. Figure 2.1-2 shows the vertical structure within an econ 
as an example of a virtual forest landscape. The idea of the "econ as the 
smallest spatial landscape body" derives from soil science which deals with 
the "pedon" (Greek: soil) as a pseudo-individual of the pedosphere (Schroe­
der 1992). 

anthroposphere 
zoosphere 

phytosphere 

pedosphere 
geomorphosphere 

ithosphere 

Figure 2.1-2: Landscape structure andfunctioning as an example ofthe "econ concept" using 
the landscape sphere model 
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Econs are treated as heterogeneous in the vertical dimension assuming 
horizontal homogeneity. In landscape ecology, unlike other natural sciences, 
the econ serves as the smallest spatial frame of interest. Therefore, e.g. the 
atomic structure of elements, the differences in partic\e size of substrates or 
the individual functioning of each organism is not subject to landscape ecol­
ogy although often being a basis for landscape analyses. The question of 
finding and justifying spatial homogeneity is one of the fundamental prob­
lems in landscape ecology that is based upon the continuum character of spa­
tial phenomena (Leser 1997). Neurneister (1979) has argued that major land­
scape ecological functioning is located between the upper groundwater table 
and the upper limit of the atmospheric layer ne ar ground. Field investiga­
tions of vertical landscape structures and processes always take place at so­
called representative sites or within representative econs that have been 
chosen to serve as an example for a larger area that comprises of many simi­
lar econs. This methodological doctrine is one of the most important agree­
ments within landscape ecological approaches (Mosimann 1984a). However, 
it is not free from subjectivity because of the arbitrary choice of criteria for 
representativeness also known from plant-sociological approaches. 

The vertical landscape structure is analyzed by means of the complex 
site analysis within the frame of the "landscape ecological complex analy­
sis" (Mosimann 1984b) analyzing processes that link the different structural 
layers (see Chapter 3.4). Although the methodical principle of random site 
delineation has recently been criticized especially due to mathematical or 
statistical routines of analyses, there is no actual alternative. Accidental or 
regular interval methods are to be refused because of high expenditure of 
work, ignorance of details and fatal abstraction from landscape reality (BilI­
witz (2000). Landscape ecological research therefore cannot claim objectiv­
ity when it comes to field analyses. 

2.1.3 The landscape complexes 

The schematic differentiation of the econ due to the sphere model leads 
to a theoretical abstraction. Following a systems approach (Chorley and 
Kennedy 1971) reality is reduced to a system that can be described by means 
of defining landscape complexes as an arrangement of landscape compo­
nents. Figure 2.1-3 shows the vertical structure of naturallandscape compo­
nents and its landscape elements within alandscape complex. It can be seen 
that the natural sphere and its compartment spheres are forming the back­
ground for the vertical structure of landscape complexes. In this sense the 
landscape complexes are the main geographical objects of landscape ecol­
ogy. 
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Figure 2.1-3: Model 0/ natural compartment spheres representing a system 0/ alandscape 
camp/ex with its partia//andscape complexes. landscape components and landscape elements 

Partiallandscape complexes consist of components and their elements 
of one (or few) landscape spheres. The main technical problem of vertical 
landscape structure analysis is based on the multitude of landscape elements 
and the complexity of landscape components as shown in Figure 2.1-3. For 
this reason the object of analysis is usually being simplified to a layer model 
abstracting the reallandscape (Klug and Lang 1983). Figure 2.1-4 represents 
one of the most common model types that are used to express the investiga­
ti on concept. It shows the landscape components as layers which are verti­
cally combined through major groups of landscape processes. Richter (1968) 
has demonstrated that the soil as one of the landscape components within the 
layer model is functioning on a very high integration level. Main landscape 
ecological features have therefore been distinguished as layers where many 
important ecological processes converge. 

2.1.4 Landscape ecological processes 

According to different approaches of landscape ecological investigations 
(see Chapter 1.4), the abstraction of the system being analyzed varies from a 
very low to a very detailed resolution. As shown in Figure 2.1-5 vertical 
landscape processes can be demonstrated as functional interfaces between 
landscape components of different compartment spheres by modeling hy­
drological functioning within the vertical landscape structure. The water 
system represents a strong coupling between c\imate and hydrological proc­
esses on the surface as weil as within soil. Many important partial processes 
can be found within the different vegetation layers of the phytosphere, which 
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all in all influences intensity and amount of infiltration rates at the ground 
surface. The unsaturated soil-water-system is functioning as a complex mo­
tor for many vertical up- and downwards oriented processes. As a whole, the 
hydrosphere is of extraordinary importance for landscape ecological func­
tioning (see Chapter 2.7). Due to the complex processes of matter and en­
ergy transformation in landscapes, special attention is paid to the water as an 
essential element and a mobile agent which is the main transport medium at 
least in temperate c\imates. Over and above that, water is the basis for socio­
cultural and economic development and serves as a fundamental element for 
industrial and technological production (Wohlrab et al. 1992). 

Figure 2.1-4: Model 0/ verticallandscape structure and processes (after Richter 1968. modi­
fied) 
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Figure 2.1-5: Vertical landscape lunctioning as a n example 01 a water balance model (after 
Klug and Lang 1983. modified) 

Landscape functioning can be regarded as a highly complex reciprocity 
of different primary processes. However, the analysis of those landscape 
ecological processes is not easy; landscape functioning is currently investi-
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gated through measurements of primary processes within the balance of en­
ergy, water and matter fluxes. Landscape ecological processes are to be ex­
amined as a combination of different primary processes measuring major 
elements within a process cycIe, caIculating immeasurable elements and bal­
ancing or synthesizing specific integral processes. Since balancing of land­
scape ecological processes is important for the understanding of landscape 
functions, process analysis always deals with quantification that is bound to 
extensive measurements. As Neef (1967) stated landscape ecology deals 
with processes within the landscape balance. This implies anthropogenic as 
weil as natural processes. The processes that determine energy, water and 
matter fluxes are of great importance for the knowledge of interactions be­
tween the natural sphere and the anthroposphere. Consequently, technical 
processes are part of the landscape functioning. According to Richter (1979) 
and Neumeister (1979) the vertical landscape functioning is based upon spe­
cial attributes of three major layers within the natural sphere. These lay­
ers are influenced by the intense overlapping of all compartment spheres and 
form a kind of permeable boundary sphere (Figure 2.1-6). Moreover, this 
zone is characterized by specific compensation, buffer and regulation capaci­
ties that are responsible for the balance of landscape during different periods 
of environmental stress (e.g. air pollution), and natural oscillation (e.g. 
drought) or spontaneous peaks (e.g. cIoud bursts). Theoretically, major land­
scape ecological layers can be defined in their vertical extension and 
grouped into sub-Iayers or horizons of homogeneous microspheres. 

Figure 2.1-6: Vertica1 landscape structure and funclioning within the major layers of the 
natural sphere including human activity (after Neumeister 1988, modijied 
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The vertical landscape structure and functioning is to be regarded as a 
spatial and temporal synthesis of hydrological and atmospheric attributes; 
they are immobile but process influencing substances and inert variables ag­
gregated within the different layers (Billwitz 1997). 

The extrapolation of vertical structure and functioning from the first geo­
graphical dimension into a spatial unit leads to another fundamental question 
of landscape ecology: How can those results from the vertical dimension be 
validated conceming their transposition within mapable boarders? This prob­
lem is part ofthe regionalization theory that comprises space and time scale 
variability of landscape structure, functioning and dynamies. 

2.2 Landscape complexes 

2.2.1 Introduction 

The landscape sphere can be considered as a system in wh ich we regard 
landscape complexes on a high level of integration. From a high level of 
abstraction these landscape complexes can be analyzed within alandscape 
model in which landscape is reduced referring to methodological objectives 
being applied (Figure 2.2-1). But where, in fact, do we find landscape com­
plexes? And how can they be differentiated and delineated? 

integration hierarchy 

Figure 2.2-/: Landscape comp/ex as a theoretical interface within the abstraction and inte­
gration hierarchy 

The spatial arrangement of these systems will become of additional inter­
est on the horizontal level on which landscape is differentiated according to 
its spatial heterogeneity. The heterogeneous compositions of different land­
scape complexes form a higher level of complexity as a fundamental part of 
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the hierarchy concept (Farina 1998). In landscape ecology those complex 
systems representing the landscape sphere are defined as ecosystems. This 
definition of ecosystems differs from that of Chapin (2001) mentioned and 
discussed in Chapter 1.1.2 as weil as to that of Klink (see Chapter 1.2). 

It has al ready been mentioned that the landscape sphere with its qualita­
tive and quantitative attributes of landscape complexes is spatially changing 
more or less continuously or discontinuously from every single spot to an­
other. According to the existence of boundary spheres or ecotones (see 
Chapters 2.3 and 2.5) representing correlative attributes at the same time the 
landscape sphere is structured into a distinct horizontal mosaic of spatial 
units (Billwitz 1997). 

In reality, every single local spot at the earth's surface is different from 
any other, but more similar to any spot in its particular surrounding than to 
another situated in a distance. Following the econ concept (see Chapter 2.1) 
the complexity of the landscape is reduced to a horizontal frame in which 
heterogeneity is not existent per definition. Landscape classification is one 
example of a hierarchical framework, moving from different spatial land­
scape ecological units across others. Looking at complexity as an intrinsic 
attribute of landscape the hierarchy paradigm explains how the different 
components localized at a certain scale are in contact with other components 
visible at different scales of resolution (Farina 1998). From the theory of 
spatial geographical dimensions (Neef 1967) we can draw methodological 
connections between reality, landscape sphere and ecosystems on a hierar­
chical level. 

Figure 2.2-2: Temporal dimensions 0/ landscape processes 

Thus, landscape complexes can be characterized by their structures and 
processes on different spatial scales as weil as on different temporal scales. 
Basic physical-mechanical, chemical or biological processes often determine 
landscape functioning on a short-term scale compared to its corresponding 
secondary processes. From the composition of characteristic process attrib-
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utes on each temporal scale landscape complexes have to be defined by four­
dimensional (spatial-temporal) landscape features . Thus, we are dealing with 
a temporal hierarchy of processes (Figure 2.2-2). On a lower level of inte­
gration primary processes basically determine landscape functioning within 
their short-term action. On a high level of integration linked processes de­
termine a comparative long-term landscape genesis. According to Billwitz 
(1997) we can distinguish between landscape functioning to be considered 
as process synthesis on a lower temporal scale, landscape dynamics to be 
regarded as process synthesis on a mediate temporal scale and landscape 
genesis representing the higher temporal scale of process synthesis (Figure 
2.2-2, see Chapter 7.2.3). 

It can be summarized that landscape complexes are regarded as a theo­
retical abstraction integrating spatial and temporal attributes. From the fact 
that different landscape ecological processes are determined within different 
time spans spatial dimensions are correlated with characteristic processes on 
the temporal dimension (Neumeister 1988). 

2.2.2 Topological dimension and the ecotope concept 

Landscape complexes are analyzed due to their horizontal complexity of 
spatial structures and spatial-temporal processes within the landscape. As 
shown by means of vertical landscape structures the differentiation of the 
complexity of spatial structures combined through temporal processes is a 
methodological problem as weil. 

Numerous terms have been introduced to define landscape complexes for 
small areas·. They are often characteristic features of the landscape mosaic 
that are used to classify the continuum of the global wrap arbitrarily into 
meaningful c1asses according to key properties and objectives applied 
(Skänes 1996b). Several authors (e.g. Leser 1997) have given surveys of the 
development of those different terms to define landscape complexes. The 
term "ecotope" has been introduced by Tansley (1935), and has been adopted 
as "Ökotop" by Troll (1950). In recent publications an additional source of 
confusion is incIuded in that definitions, although partly overlapping, are 
often used with specific implications within different fields: 

I lt has to be mentioned, that there is a completely opposed understanding of "small scale" and 
"Iarge scale" in German and English or American literature: German landscape ecologists 
and geographers use the term "scale" in terms of cartographers: So 1: 100,000 is a smaller 
scale than 1: 10,000 . So small scale connotes to a large area and vice versa. English and 
American ecologists use the scale terms contrarily: A small scale is coupled to a small 
area; a large scale to a large area. For a consistent understanding we will adopt to the Eng­
lish and American scientific community. 
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"ecotope as an ecologically homogeneous tract of land at the scale level 
being considered" (Zonneveld 1989), 

- "ecotope as fundamental process unit of the landscape" (Mosimann 
1990), 
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- "ecotope as the smallest ecologicalland unit relevant in landscape ecol­
ogy, with relative homogeneity regarding vegetation structure" (Klijn and 
de Haes 1994), 
"ecotope as a concrete above-organismic holon" (Naveh ami Lieberman 
1994), 
"ecotope = biotope" (Forman 1995), 
"landscape element as relatively homogeneous unit recognized in a mo­
saic on any scale" (Forman 1995), 
"topes as spatial representatives of related systems within the topological 
dimension" (Billwitz 1997), 
"ecotopes as spatial manifestation of related systems with similar fluxes 
of matter and energy" (Leser 1997), and 
"ecotope as hierarchical functional classification of the landscape" (Fa­
rina 1998). 

Following current definitions in landscape ecology and integrating the 
econ concept an ecotope (Greek "topos": locality) is defined as a spatial 
manifestation of different econs of the same structure and spatial functional­
ity connected with each other. Ecotopes represent the landscape sphere and 
its related systems of landscape complexes (ecosystems) within the topo­
logical dimension. Processes of vertical landscape functioning are analyzed 
within an econ that is defined as the spatial representative of the ecotope. 

After Leser (1997) the topological dimension has a methodological sig­
nificance in landscape ecology because 

a) scientific concepts are based upon the "idea of ecological functioning on 
the spot" (within an econ), 

b) the ecotope is the spatial basis for superior landscape ecological function­
ing, 

c) landscape ecological processes can be analyzed and quantified by means 
of measurement techniques visible at a glance, and 

d) functional connections of landscape elements and landscape components 
are recordable. 

Furthermore, the ecotope is the fundamental spatial unit representing its 
ecosystem functioning on the basis of lateral range of ecological processes 
(e.g. interflow, groundwater mobility near surface, cold air flow, etc., Figure 
2.2-3) and vertical process homogeneity (precipitation, percolation, etc.). 
The topological dimension is not just a filter far methodical and technical 
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field investigations according to the econ concept, but also the spatial refer­
ence for field decisions in applied landscape ecology. 

Ecotopes as concrete spatial landscape units can be mapped using c1assi­
fied structural landscape elements, landscape components or partial com­
plexes that can be reeognized during the field investigation. Aeeording to 
those auspieious seleetions of criteria of representativeness, eeotopes can 
vary in size, content etc. Unfortunately, landseape eeological methodology 
thus has to be eharaeterized as a random prineiple, whieh enables the re­
searcher to eope with the infinity of heterogeneity within the landseape. Re­
suIts of eeotope mapping may differ eonsiderably. 

Figure 2.2-3: In the Moritzburg Hili Area (Saxony. Germany) the differences between the 
ecolopes on the hills and in the hollows are obvious by the land use (wood/arable fields or 
meadows) (Photo: 0. Bastian 1997) 

Moreover, the eeotope eoneept is of extraordinary importanee in land­
scape ecology because the whole methodieal proeedure of landseape analysis 
within the topological dimension is based upon them (see Chapter 3.4). 

Derived from this landscape eeological definition of the ecotope terms 
like biotope (phytotope, zootope), pedotope, hydrotope, ete. can be used to 
distinguish smallest spatial units on the basis of partial landseape eomplexes. 
Compared with the eeotope they are of lower complexity. Within the 
eeotope all topes, whieh represent partiallandscape eomplexes are overlap­
ping and form a higher information level. 

The spatial topological arrangement within the landscape is analyzed by 
mapping horizontal structures of landscape complexes using attributes of 
partiallandscape complexes. E.g. vertical vegetation strueture, plant species 
eomposition and abundance etc. c1assified as vegetation types in eombina­
tion with classified relief features (exposure, inclination, eurvature ete.), land 
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use types and other features can be used for differentiating basic landscape 
units. Based upon this synthetic spatial frame process attributes, properties 
of the fauna and further detailed structural characteristics are extrapolated 
from single econs to their corresponding ecotopes. 

All in all , in the topological dimension landscape complexes are de­
scribed by means of ecotopes, in their turn characterized by basic vertical 
structures and processes (see Chapter 2.1). In the topological dimension re­
sults from landscape analyses can be combined for a characterization of spa­
tial landscape functioning. Lateral process directions and quantitative fluxes 
of energy and matter can be drawn from the econ-based results. The classifi­
cation of ecotopes leads to ecotope types that are used to represent land­
scape complexes in their spatial arrangement (Figure 2.2-4). Ecotope types 
are diversely defined according to different landscape ecological approaches. 
It can be summarized that current landscape ecological mapping approaches 
follow those principles of landscape characterization; examples are given in 
Chapter 6.1. 

cr:--l } 
k?{j~ ecotope 

11 ;if~~; 

~:jTIIT;~.:i?~:! types 
K~~;~;:l 
1mB 
vert;cal processes 
within each econ 

.. ·· ..... Iateral interactions 
Figure 2.2-4: Scheme of a spatial mosaic of ecotopes within a small mountainous catchment 
area (after Leser 1997, modified) 

The ecotope concept is strict1y combined with landscape reality and de­
rives its methodical advantages from the econ concept. Still, there are theo­
retical problems bound to the complexity of the landscape. Over and above 
that, the choice of landscape elements that have to be analyzed, duration of 
measurements, and combination ofresults are further difficulties in the scope 
of describing and quantifying landscape functioning (Leser 1997). 
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2.2.3 Landscape complexes of the chorological dimension 

Landscape complexes of larger spatial extension can be regarded as mo­
saics of ecotopes. This spatial arrangement of ecotopes is analyzed as to 
structure and functioning of larger landscape units assembled from heteroge­
neous landscape mosaics. This theoretical abstraction takes place in the 
chorological dimension (Greek "choros" : group) where landscape com­
plexes are described as ecochores. Additionally, those heterogeneous com­
positions of landscape units can be aggregated on different levels of abstrac­
tion resulting in different sub-dimensions within the chorological dimension 
(nano-, micro-, meso-, macro-ecochores, see Figure 2.2-7). Within the 
chorological dimension we leave the concept of homogeneity that has been 
used to define ecotopes (Neef 1963). The new concept of homogeneity on 
the chorological level deals with internal heterogeneity reduced to new in­
formation, which is defined as homogeneous on a higher level of abstraction 
(Herz 1973). This theoretical transition of emergence has already been 
conducted to dispose of spatial heterogeneity by means of aggregating nu­
merous econs defining a higher level of abstraction within an ecotope. The 
aggregation of a mosaic of ecotopes that are dealt with in the topological 
dimension leads to a new spatial unit defined as an ecochore. According to 
Haase (1967) it is not possible to define absolute criteria of homogeneity; 
thus ecochores will always be a result of random decisions to which ecologi­
cal attributes have been adopted as apremise. 

As shown in Figure 2.2-5 topological units are aggregated within small 
catchment areas that are analyzed according to their chorological arrange­
ment within a system of a valley. 

GW: groundwater formation 
pe: percolation 
s: sutface runoff 
n: nulrient flow 
fGW: groundwaler ftow 

Figure 2.2-5: Scheme olprocesses within small mountainous catchment areas representing a 
mosaic 01 ecochores within a valley system (after Leser 1997, modified) 
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All these ecotope mosaics assembled within several catchment areas fol­
low the same landscape ecological functioning principle in the topological 
dimension. The processes that determine the functioning of the whole valley 
system find their origin in the single ecotopes represented by an econ. Two 
different levels of abstraction have been conducted: ecotopes shown in Fig­
ure 2.2-4 are reduced to an ecochore that is functioning as aseparate land­
scape unit. Furthermore, different ecochores are functioning within a valley 
system. On both levels of abstraction different ecological structures and 
processes are conceived as characterized by the appearance at different spa­
tial dimensions and by forming a new and unpredictable character through 
the re arrangement of pre-existent entities. E.g., the process of cold air-flow 
finds its origin within the single ecotopes where cold air is produced. The 
cold air stream through a catchment area is determined by the same basic 
process of cold air production within different ecotopes and therefore cold 
air-flow within each catchment is a new emerging chorological process on a 
higher spatial level. The same principle of emergence is found on one 
higher level of abstraction where the cold air stream within thc valley is de­
termined by the outlet of cold air from different catchment areas. 

It is undeniable that the fundamental historical development of German 
landscape ecology is based upon the principle of the chorological structure 
analysis (Billwitz and Mehnert 1992, Haase et al. 1991). This static inven­
tory of physical properties of the landscape can be explained by defining 
spatial units as a basis of natural resources evaluation for land use patterns. 
Within this frame, there always was and still is a close application basis. If 
landscape complexes within the chorological dimension are attaining to be 
of interest for applied sciences, it will have to be dealt with the recent prob­
lem: What are the fundamental emerging attributes of the ecochores in 
analysis? 

Richter (1968) tried to solve this methodological problem of analyzing 
such heterogeneous landscape complexes of larger spatial extent by model­
ing. Several authors had similar approaches, but could not solve the problem 
of missing data for large areas (Leser 1972, Schmidt 1978). As Leser (1997) 
has summarized the way of using methods and techniques applied within the 
topological dimension and the aggregation of those results into a higher or­
ganization structure of chorological dimension cannot succeed; chorological 
analysis needs its own methodological principle. Since the possibilities in 
remote sensing have developed rapidly there are a lot of technical opportuni­
ti es for chorological field investigations. Thus, landscape complexes are cur­
rently synthesized in the chorological dimension by aggregating attributes 
from topological investigations. This empirical and inductive way leads to 
satisfactory results within small chorological areas. For an example of a 
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process-orientated synthesis of ecochores from the basic topological 
investigation, see Chapter 6.1. 

2.2.4 Landscape complexes of higher geographical dimension 

Landscape complexes of higher geographical dimension are represented 
by the theoretical concept of ecoregions and ecozones. Concerning their 
spatial extension we leave the methodological level of ecotopes and ecocho­
res completely. Starting with the regional dimension we deal with a synthe­
sis of ecoregions. Processes that correspond between the single ecoregions 
origin within the ecochores transposed through the spatial level of ecochore 
mosaics. So water and matter fluxes in streams and rivers evolving from 
continental topography and energy fluxes according to wind systems result­
ing from the spatial arrangement of continents and oceans are going to be 
described (Leser 1997). 

Figure 2.2-6: Ecoregions of the Scandes as an example of atmospheric dynamies, main cli­
matic and hydrological processes and mountain reliefpatterns 

As an example, ecoregions of Scandinavia are demonstrated in Fig­
ure 2.2-6 showing a spatial mosaic of different climatically defined regions. 
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The methodological principle within the regional dimension is deductive. 
Large areas are divided into partial units by means of characterizing prior 
attributes that are defined to be of interest. Recently, techniques being 
adopted for spatial analyses are principally based upon remote sensing (see 
Chapter 6.3). 

The landscape ecological approach within the regional dimension is 
based upon the belief that differences in geographical positions determine 
abundance and change of attributes as has been stated by Lautensach (1952). 
Following this principle which is associated with the idea of an existing 
"natural system of the earth" being responsible for the structures and proc­
esses of the landscape in fact being found, we will have to deal with the in­
tegration and interference of hypsometrieal, maritime-continental, polar­
equatorial and paleo-geographical changes of attributes. The mosaic of 
ecoregions results from those attributes. According to Aurada (1987) ecore­
gions can be characterized as large landscape units determined by global po­
sition, with planetary processes as sub-systems of larger landscape units 
(ecozones), but autonomous with regard to internal processes. Landscape 
complexes within the regional dimension have been mappe cl e.g. for the 
United States by Bailey (1996), for East Germany by Billwitz (1997), and 
for Norway by Moen (1999). 

The zonal dimension deals with landscape complexes that build up the 
global wrap by means of ecozones. Within this spatial geographical dimen­
sion the globe is differentiated due to telluric and solar influences resulting 
in processes that are based upon the distribution of land-masses and oceans. 
Those processes em erging on this high level of abstraction are of primary 
meteorological nature and can be illustrated by means of the global climatic 
circulation theory. Within such large areas distinct ecological assemblages 
are expected to occur. Climatic zonation is the fundamental spatial frame for 
the characterization of ecozones. Nevertheless, ecozones have usually been 
mapped according to structural attributes (Alexeev and Golubev 2000, Mül­
ler-Hohenstein 1979, Walter and Breckle 1983-1994). According to Schultz 
(2000) ecozones (polar, boreal, temperate, subtropical and tropical) are 
defined as geo-zonal ecosystems which are classified by means of quali­
tative attributes such as soil formation, vegetation structure and landforms as 
weIl as quantitative attributes such as integrative attributes of energy and 
matter status like biomass and primary/secondary production. Landscape 
ecological attributes are assigned by means of average balances. 

As far as the whole globe is concerned we deal with the spatial arrange­
ment of ecozones regarded as highest spatial units within the global wrap. 
Landscape ecological research on this highest level of abstraction is repre­
sented by the global dimension. It has to be added that this dimension is not 
of superior importance in landscape ecology. 
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2.2.5 Landscape complexes of different dimensions 

It can be concluded that landscape complexes are of great importance as 
methodological fundamentals in landscape ecology. Figure 2.2-7 gives a 
schedule of the basic theoretical principles dealt with on different spatial 
dimensions. Derived from the theory of geographical dimensions landscape 
complexes are presented in a hierarchical order combined with a proposal for 
corresponding scale terms. In combination with Figure 2.2-2 characteristic 
methodological features of landscape ecological investigations can be sum­
marized as folIows : In the sub-topological dimension processes are ana­
lyzed as to vertical landscape structure and functioning; in the topological 
dimension vertical structures and processes are of main interest, but ecotope 
mosaics are analyzed according to their spatial arrangement and functional 
interaction. On both levels immediate and short-term processes are of inter­
est. Moving from the detailed analysis within the topological dimension 
across the chorological dimension into higher dimensions the attributes re­
garded become of interest on the level of temporal dimensions. 

Figure 2.2·7: Landscape compiexes and transition 0/ emergence in different spatiai dimen­
sions (scaies); black arrows dominant, white arrows subordinate. 

This approach is adopted to several spatial levels of abstraction where 
landscape complexes are defined as spatial representatives of the ecosys­
tems, on their turn conceived as a simplification of the landscape sphere. 
Since the ecotope concept is just a theoretical frame to split up the complex­
ity within the landscape ecochores, landscape units of higher spatial dimen­
sion have to be handled on the same pragmatic background. 
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2.3 Landscape elements 

2.3.1 Introduction 

Landscapes are composed of objects, units or elements of different na­
ture. Interactions between them create a non-random organization in aggre­
gates and patterns. Such patterns emerge at related spatial and temporal 
scales. 

Functional qualities of landscape elements themselves are assigned to 
storage and transformation. Transport, storage and transformation are the 
major functional categories in ecological systems. They can be related to 
almost all ecological compartments and qualities. The quality and identity of 
landscape elements is thus determined by their spatial and temporal dimen­
sion and by their integration into the flow of energy, matter and information 
within a larger and more complex landscape matrix. The spatial organization 
of elements and their temporal performance reflects the functional interrela­
tions that exist in a certain landscape. Area, form, distribution, age, longev­
ity, and seasonal rhythm of landscape elements are helpful parameters to 
characterize them. These parameters are easy to detect or to measure. Their 
relations to neighboring elements of a different kind and the connectivity or 
fragmentation of elements of the same type will add other important infor­
mation. 

Distinct landscape elements can be observed at various scales, degrees of 
complexity and levels of organization. The term "level of organization" is 
based on works of Egler (1942) and Novikoff (1945), who originally pro­
posed "integrative levels" of biotic systems. Their ideas were refined and 
integrated into a hierarchical system of natural organization by Allen and 
Starr (1982) and subsequently by O'Neill et al. (1986, 1989). Levels of or­
ganization reach from the cell, the tissue, the organ to the biome or the bio­
sphere. However, only some levels are relevant in landscape ecology and can 
be used to differentiate or classify landscapes. These levels of ecological 
organization are species, communities and ecosystems. 

Landscapes are not only distinguished by biotic properties. The interac­
tions between living organisms and the physico-chemical framework are 
crucial qualities of the systems. Until now, this geoecological per~pective 
has not sufficiently been incorporated into the concept of levels of organiza­
tion, which seems to be bio-centric. 
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2.3.2 Concrete and abstract landscape elements 

Concrete elements and the abstract unit or type, to which they belong 
have to be distinguished (Zonneveld 1974). The real conditions are differen­
tiated due to criteria as relief form, species composition, vegetation structure, 
or disturbance regime. The c1assification of elements compares the actual 
objects with given types of a general system (Table 2.3-1). The quality of 
elassification may differ to so me degree among the elements recorded in na­
ture. Some are quite elose to a specific elass or type and it is easy to assign 
them to a certain label, others are more or less intermediate between two or 
three types. The application of different criteria might result in varying elas­
sifications of objects and in non-identical boundaries in the maps. It depends 
on the choice of criteria, where boundaries emerge. 

What is true for concrete landscape elements can also be found for ab­
stract landscape units (see Chapter 2.2). They also loose distinction with 
increasing complexity. At higher levels of organization it becomes more and 
more difficult to assign areal object to a certain type. The individualistic 
character increases from communities (Gleason 1926) to ecosystems and 
landscapes. 

Table 2.3-1 : Concrete and abstract landscape elements 

levelof concretc example abstract example 
organization element element 

actuaUy existing, real type, dass, term, label, name 
organism individuum plant taxon Poa pratensis 
community stand, biocoenosis meadow syntaxon Nardetum 
ecosystem ecosystem agriculturally geosyntaxon agroecosystem 

cultivated 
slope 

landscape landscape Central Alps landscape type high mountain 
landscape 

2.3.3 Heterogeneity and homogeneity 

Landscape elements show internal homogeneity, which distinguishes 
them from adjacent elements. All natural elements exhibit a certain degree of 
heterogeneity, and a certain degree of dissimilarity between them. Homoge­
neity and heterogeneity are a major qualitative topic in landscape ecology. 

The two aspects ofhomogeneity or heterogeneity within and similarity or 
dissimilarity between elements, represent important qualities of ecological 
variability and diversity. It reflects the degree of self-organization and 
functional interactions, and thereby the role of ecological fluxes. Self­
organization is the product of functional interactions between ecological 
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compartments. The more interactions occur, the higher the degree of organi­
zation will be. The variability within alandscape element is not only deter­
mined by the number of different objects of lower levels of organization, 
which contribute to the emergence of new qualities of such an element, but 
also by their similarity. Following Whittaker (1972), these two qualities of 
variability can be expressed as a-diversity (number of elements) and ß­
diversity (similarity of elements). Heterogeneity is very much determined by 
differences in qualitative properties of single objects. 

The structural arrangement and heterogeneity of landscape elements 
strongly intluences our perception of nature. Physiognomic differences in 
landform or vegetation are the most obvious properties of landscapes (Figure 
2.3-1). Three-dimensional structures not only retlect ecological site condi­
tions, they contribute themselves strongly to the performance of water and 
light regime and thus affect communities and ecosystem processes (Holt 
1997). 

Figure 2.3-1: Structural heterogeneity within landscapes mainly addresses relief and vegeta­
tion: different vegetation types at the slopes of the hill Oblik (Bohemian Low Mountains. 
ezech Republic) (Photo: 0. Bastian 1981) 

Structural heterogeneity within landscapes mainly addresses relief and 
vegetation. Looking at biotic structural heterogeneity, different criteria for 
the description and analysis of spatial arrangements have been developed. At 
the level of organisms, life forms or growth forms became a successful tool 
for the description of spatio-temporal structures. Stands can be divided into 
different strata, which is conventionally done in forestry. At larger scale the 
physiognomy of vegetation can be classified to formations, dominated by 
certain life forms (e.g. forests) or showing a specific combination of life 
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forms (e.g. savannah). Again, with increasing complexity abiotic structures 
as relief and interactions between plants and animals become more and more 
integrated. 

The difference between an element and a neighboring element can be ex­
pressed as contrast or p-diversity. Contrast expresses the variability be­
tween two objects (Figure 2.3-2). Contrast is easy to measure with regard to 
some criteria, difficult with regard to others. The dissimilarity of species 
composition, nutrient supply, temperature, or inclination between patches 
can be calculated. Other criteria cannot or not completely be measured, such 
as ecological complexity, geomorphodynamics or climate. 

~CJ 
matrix 1 

~ 
matrix 2 

D 

Figure 2.3-2: Contras! between patch and matrix can be low (A) or strong (B). But also the 
contrast between neighboring patches may be qualitatively different (c, D) 

Contrast is scale dependent: with an increasing surface, the integration of 
elements and their individual variability grows. The same is true for patch 
internal heterogeneity expressing the texture of an element. Heterogeneity 
depends on scale (grain, resolution) and can be identified at different levels 
of resolution within one landscape (Kotilar and Wiens 1990). 

We cannot discuss causes of heterogeneity and homogeneity here, but we 
have to point at the fact, that besides natural site conditions, human impact 
plays a major role. 

Temporal heterogeneity cannot be separated from spatial heterogeneity. 
The seasonal variability of ciimatic factors, water regime, species occurrence 
and performance is a decisive quality of landscapes. If annual variability is 
low, the seasons and their effects on landscape elements are rather constant, 
which is true for tropical rainforests. Besides the occurrence of objects (e.g. 
species) and elements (e.g. communities) the time scale strongly determines 
the processes working within an ecosystem or landscape. If the ecological 
variability is concentrated on diurnal fluctuations and rhythms, this will in­
fluence the ecological relevance of certain processes, because species will 
adapt to this variability. 

At longer time scales, ecosystem and community dynamics (inciuding 
stability, see Chapter 5.1) can be observed. Ecosystems and most communi­
ties, though fluctuating during the year to a certain extend, show dynamic 
temporal changes within periods of several years or decades. Processes act­
ing at this per-annual scale are population dynamics, growth, reproduction, 
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soil erosion, land use changes. Looking at centuries and even longer times, 
long-term development of landscapes then ineludes evolution, geomor­
phological dynamics, soil development and phylogenetic evolution (see 
Chapter 4.1). 

2.3.4 Patch, matrix and mosaic 

Patches are concrete spatially delimited two-dimensional landscape ele­
ments at any hierarchical level and scale (Forman and Godron 1981). They 
can be differentiated from surrounding elements, which form a more or less 
uniform matrix. The contrast between patch and matrix ranges between 
completely dissimilar (no comparable objects or data) to nearly identical 
(only one or a few parameters differ). In addition, contrast can be considered 
between neighboring patches, embedded in the same matrix. 

This contributes to landscape diversity. The number and the dissimilarity 
between patches characterizes important aspects of diversity at higher levels 
of organization. However, we have to relate this to the matrices respectively. 
If patch types are always closely related to a certain matrix with the same 
contrast, the resulting landscape will be less diverse compared to a land­
scape, where different patch types may occur in one matrix (Figure 2.3-3). 

B. C. D. .. ~ ~ ~ ~ ~ 
Patch 1 patch 2 patch 3 patch 4 patch 5 

~ t;;3 lillill CJ 
Matrix 1 Matrix 2 Matrix 3 Matrix 4 

Figure 2.3-3: Heterogeneity relates to the number 0/ patehes, the patehlpateh-similarity as 
weil as 10 pateh/matrix similarity. In a given number o/patehes oeeurs, whieh is qualitatively 
more diverse in B. In C and D the same number and the same types 0/ patehes oeeur, but they 
differ in their distribution to matriees. The same number and types 0/ patches and matriees 
ean produee a different landseape diversity 

Landscape elements of a particular type may be rare or represented by 
numerous individual patches within alandscape. The same number of 
patches can be distant to each other or elose. Distance is not correlated to the 
number of elements. Still, the relation between distance and number is modi­
fied by the size of the patches. And, apart from that, the distribution of 
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patches follows ecological rules and is thus not stochastic. The size and the 
shape of patches within alandscape can be more or less uniform or different. 
This affects landscape heterogeneity. 

Today, the patch-matrix model developed esp. by American ecologists is 
one of the most usual landscape models, besides the theory of geocomplexes 
elaborated mainly by Central and Eastern European physical geographers 
(see Chapters 1.1,2.2 and 2.4). 

In landscapes, patches, corridors and barriers are not mixed by hazard but 
arranged in a characteristic way. They form mosaics of landscape elements 
(Forman 1995, Wiens 1995), which develop under similar conditions in a 
comparable way. Natural examples are peat bogs, where different communi­
ties and vegetation structures form regularly similar vegetation complexes. 
In anthropogenic landscapes, land use will be determined by site conditions 
and resuIt in comparable forms of land use techniques at comparable sites. 
This creates a mosaic of communities that will be found in a more or less 
similar composition at different places within landscapes. Sigma-sociology, 
derived from plant sociology, tries to identify these mosaics and to classify 
the corresponding vegetation complexes (Tüxen 1977). This sophisticated 
approach was aiming to be applied in nature conservation (Schwabe-Braun 
1980), but could not become generally accepted, because it requires a high 
degree of experience and is biased when carried out by less trained field re­
searchers. 

If one focuses on the temporal development of mosaics, rules of change 
become obvious. In many ecosystems, we find a side by side of different 
stages of succession. A combination between spatial mosaics and dynamic 
changes in ecosystems is the mosaic-cycle concept propagated by Remmert 
(1991). It proposes a spatial and temporal relation between different phases 
of succession. Van der Maarel and Sykes (1993) developed a comparable 
model for vegetation units (the carousel model). 

A more general model of change has been introduced with the concept of 
patch-dynamics (lax 1994, White and Pickett 1985). Here, a close connec­
ti on between the emergence of a patch and its history or neighborhood is not 
required. In contrast to the mosaic-cycle, within this patch dynamics con­
cept, multi-disturbance occurrences at each stage of succession are consid­
ered. 

2.3.5 Pattern and scale 

Patterns are non-random spatial arrangements of objects within time or 
space (Collins and Brenning 1996). This means, that there must be a reason 
for this arrangement. It explains why the search for patterns is the major ap-
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proach in landscape ecology (Turner 1989, Urban et al. 1987) and perhaps in 
ecology in general (May 1986). 

Patterns emerge due to functional interactions between objects or ele­
ments. Patterns in European landscapes are mainly reflecting human activi­
ties (Burel 1995). As objects interact specifically, characteristic spatial ar­
rangements of objects are probable. However, patterns are not only related to 
space. We find patterns in time series (e.g. Dunn et al. 1991), where, for in­
stance, seasonal fluctuations follow regular patterns with correlation between 
data from neighboring patches. Pattern emergence cannot be separated from 
the problem of auto-correlation. Objects that contribute to the organization 
of a pattern will always be auto-correlated. As al ready mentioned, the detec­
ti on of dissimilarities, and thereby of patterns as weil, depends on criteria 
and scale (Turner et al. 1991). The identification of this scale is a task, which 
is difficult to meet. It is perhaps even more challenging to quantify landscape 
patterns (Gustafson 1998, O'Neill et al. 1988). 

2.3.6 Connectivity, corridors, and fragmentation 

Connectivity describes the degree of connection between similar land­
scape elements. It can be quantified via the number of corridors or vectors 
that can be related to an element (Tischendorf and Fahrig 2000). Connec­
tivity between landscape elements may be strong or weak, spatial and/or 
merely functional (Figure 2.3-4). Strong spatial connectivity is produced by 
networks of corridors. Weak connectivity would be found within alandscape 
with only few linear elements bridging isolated patches. The necessity of 
spatial structures for the functional connection between isolated patches de­
pends on the matrix and on the available vectors. Some vectors (e.g. birds, 
bees) are able to reach isolated patches without spatial corridors that connect 
them. 

A. • B. 

[ß] 
c. D . 

Landscape element corridor vector 

Figure 2.3-4: Spatial connectivity andfunctional connection A. strong spatial connectivity B. 
weak spatial connectivity C. strongfunctional connectivity D. weakfunctional connectivity 
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Spatial and (only) functional connections can be distinguished by the ap­
plication ofthe terms "connectedness" and "connectivity" (in a narrow sense, 
see Chapter 2.8.4). 

Corridors are spatial connections between landscape elements which are 
of functional importance for the interchange of species and for the flux of 
matter, energy and information. These functions can be bi-directional (Fig­
ure 2.3-5A). If the corridor connects two elements, fluxes and interbreeding 
can be effective in both directions. If we consider a network of patches and 
corridors, the interactions will be multidirectional. In these systems, move­
ment and transport can be affected in any direction. 

Some corridors, however, only work in one direction from source to sink 
(Figure 2.3-5B). This can be observed for river ecosystems and the drift of 
matter and diaspores they carry. 

-- B Fm """'" -- --
El ement type 1 • 
El ement type 2 

A. B. E . F. 

El ement type 3 

~ 
~ Matri x 1 

~ 
~ D 

Matri x 2 

H. 

Figure 2.3-5: Different types 0/ corridors: A. bidirectional corridor, B. unidirectional corri­
dor, C. broad corridor with high capacity, D. corridor surrounded by similar matrix, E. Cor­
ridor with similar but not the iden/ical conditions as souree and sink, F. corridor no/ closed, 
G. corridor network H. leading /0 an similar but not identical sink 

Corridors may be broad and cover large areas (Figure 2.3-5C) or small 
and of almost no spatial importance. To assure a desired function, a mini­
mum corridor width is required, for instance for wildlife corridors that 
bridge motorways (Figure 2.3-6). Another quantitative aspect is the distance 
or length of corridors. 

Corridors and their functional capabilities are strongly depending on the 
matrix they have to pass. If this matrix consists of landscape elements of 
very different environmental conditions compared to the connection, edge 
effects reducing their function will be stronger than if the matrix is rather 
similar to the corridor (Figure 2.3-5D). 

Closed and entirely connected corridors (Figure 2.3-5E) are rare. Quite 
often corridors are dissected and comprise gaps (Figure 2.3-5F) resulting in 
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functional restrictions. To improve the possibility for a specimen to success­
fully reach another patch, the number of connections between source and 
sink is of importance (Figure 2.3-5G). Finally, the functional ity of corridors 
depends on the habitat quality of source and sink, which are connected. 
Similar patches are rare, so that exchange can be restricted by the capacity or 
attraction of the sink area (Figure 2.3-5H). The role of corridors for the mo­
bility of organisms will be discussed in more detail in Chapter 2.8.4. 

Figure 2.3-6: To reduce detrimental effects o//ragmentation by motorways green bridges/or 
the wildlife are built, e.g. near Dresden (Saxony, Germany) (Photo: 0. Bastian 1999) 

Fragmentation describes either a process or a status. Understood as a 
process, fragmentation depends on time and has to be related to landscape 
change. Then, fragmentation would describe the velocity of changes in con­
nectivity. Fragmentation can also mean the separation of landscape elements 
that have been connected before. It can occur at different scales (Bowers and 
Dooley 1999). 

Related to a surrounding matrix, fragmentation may describe the degree 
of isolation from other comparable patches. Related to corridors, it describes 
the degree of connection and the integration into a network. Here, the occur­
rence of linear barriers, which may be corridors for objects (species) bound 
to other elements or patches, has to be taken into account as weil. Related to 
neighboring patches, fragmentation may describe the relateclness between 
the patch in focus with its neighbors ancl the c1istance to the next patch with 
favorable traits. Fragmentation influences the mobility of organisms, and 
thus, their survival, essentially (see Chapter 2.8.2). 



78 Chapter 2 

2.4 Landscape ecological paradigms: correlation -
hierarchy - polarity 

2.4.1 Introduction 

As shown in Chapters 1.2 and 1.4 landscape ecology as a science devel­
oped out of different roots (e.g. physical geography, biology, soH science) 
and focuses on a great variety of aspects. To meet the demand of transdisci­
plinarity landscape ecology has to contribute with its own paradigms, princi­
pies and laws goveming landscape behavior. 

Landscape as the object of landscape ecology can be considered as a sub­
set of the earth's surface reaching through different "floors" (from the litho­
sphere as basement up to the atmosphere as the roofterrace). The penetration 
of lithosphere, atmosphere, hydrosphere and biosphere is - at least in geo­
graphicallandscape research - called landscape sphere (see Chapter 2.1). In 
contrast to other geo- and bio-scientific disciplines physical geography is 
interested in the construction of the landscape sphere: each single unit can be 
characterized by a typical combination of natural features linked to other 
units by neighborhood coherence. Hence geographical landscape research is 
focussed on conformities of spatial differentiation, from the global and con­
tinental level down to the micro-units of only a few square meters and vice 
versa. All spatial units are delimited by a characteristic combination of many 
single features and they have characteristic relations to their neighboring 
units. 

These conformities have been fonnulated first by Herz (1974) who 
named it the "area-structure-principles" (Arealstrukturprinzipien). The 
knowledge of these principles is indispensable to landscape ecological re­
search. They represent general structural matter of facts. Following these 
facts processes of integration and differentiation peculiar to the landscape 
sphere carry out. The single principles have to be considered as parts of a 
whole. 

Landscape analysis as the first step in landscape ecological research (fol­
lowed by landscape assessment and landscape planning) investigates the 
landscape structure. Structural analysis provides the basis for alandscape 
classification as demonstrated by Bailey (1996) who did not mention one of 
these principles at all. 

With respect to Figure 1.1-3 alandscape can be defined as apart of the 
earth's surface signed by the natural configuration and superimposed by hu­
man intervention. Hence landscape as a system consists of the elements ge­
ology, climate, soil, relief, bias, water as weil as land use, represented in the 
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specific spheres of the earth (lithosphere, atmosphere and so on). This gen­
eral model serves as an aid for representation and as discovery help for the 
investigation of a specific landscape. Therefore it has an analytical as welI as 
a didactic value. Based on this landscape model the four related area­
structure-principles will be discussed in the folIowing sections. 

2.4.2 Principle of correlation 

Starting with an inventory of the components of a parcel of land an in­
ventory of its anatomy is provided. But it is not enough to dissect the land 
parcel, to cut it into pieces. Oue to the fact that the whole is more than the 
sum of its pieces, we have to provide an understanding of how there parts fit 
together and how they function. 

So the principle of correlation means, that there are specific interactions 
between alI landscape components. How components are integrated at a site 
(or relatively small area), is calIed the vertical structure of alandscape (or 
component structure). Here, the interactions of macro-/topoclimate, biota, 
landform, surface water, soils, groundwater and bedrock are investigated 
(Figure 2.4-1, see Chapters 2.1 and 3.2). 

Figure 2.4-1: Ver/ica! s/ruc/ure ofa landscape (after Bailey 1996) 

We will consider an example ofthe Sahara first: This site is characterized 
by dry-stabile stacked tropical air with great daily temperature amplitudes 
and low precipitation probability (macroclimate), by a water shortage 
throughout the year in soil as weil as in autochtone water bodies (surface 
water), by extreme low species density and richness in fauna and flora (bi­
ota). Oue to the air-masses the relief is shaped: on the one hand most of the 
mountains, hills, and ridges ("peak forms") are disintegrated to skeletons and 
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all hollows, depressions and swales ("sink forms") are filled in on the other 
(landform). 

Considering alandscape on a completely different level we can show, 
that structural correlation exists not only in large areas: A dune ridge in a 
pleistocene glacial valley is characterized by ridges of sm all hills (landform), 
dune sands poor in silt and cJay (bedrock), sandy podzols (soil), deep aqui­
fers (ground water), poor pine forest stands associated with ecological 
equivalent biocoenosis (biota). Also the cJimate of the near surface air layer 
and the soil differs from the neighboring sites: There is no danger of late 
frost, but some aspect related effects (topocJimate). 

2.4.3 Principle of areality 

As we know, the conditions of the landscape sphere varies from point to 
point - even in small scales: When we dig a hole for the investigation of a 
soil profile the four walls of our hole can be more or less completely differ­
ent at least conceming the size of the single soil horizons or substrate layers. 
However, at the end we will consider this soil profile as a typical profile for 
this site. What we do is to abstract from singularities. We define the profile 
as homogeneous. 

The same procedure has to be applied to the above mentioned vertical 
landscape structures. All the different existing feature correlations are Iim­
ited to a specific area; they have a boundary. Boundaries between landscape 
units are set where different vertical structures occur (Figure 2.4-2). One 
specific vertical structure is neighboring another vertical structure. By de­
lineating each specific vertical structure we come to the landscape's lateral 
or area structure. 

Figure 2.4-2: Horizontal structure of alandscape: Boundaries between single landscapes are 
set where different vertical structure occur (after Bailey 1996) 
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In landscape reality there are seldom sharp boundaries between single 
landscapes. Sometimes e.g. geology-based boundaries (different rocks) can 
be very sharp, but on other places we can observe smoothed transition zones 
between different landscapes. This is often the fact: One landscape turns into 
the neighbored landscape more or less gradually. As an example, the con­
stantly moist European climates turn gradually into the summer dry climates 
of the Mediterranean and further into the constantly dry climates of the Sa­
hara. 

In the flat -waved plateaus of the European Massif Mountains we find the 
gradual turn from the more or less stony and dry soils on the hilI-tops to the 
less-stony fresh to moist soils on the flat slopes down to the mainly stone­
less and more or less wet soils at the flat-hollows. 

From this the following question results: 00 areas exist that can be 
named as homogeneous despite the general variation of the features? Is the 
landscape sphere composed by objectively separated units? Is the term of 
boundary only a useful abstraction? 

A lot of scientist discussed these questions (Isacenko 1965, Maull 1950, 
Neef 1967, Schultze 1955) but their answers have not been unique and satis­
fying. According to Herz (1980) each area is characterized by a specific dis­
tribution of parameter values that differs from that of the neighboring areas. 
So an objective decision to determine landscape boundaries becomes possi­
ble. Additionally to the area-term the term of boundary-areas results: The 
boundary of alandscape is a narrow area of turn over from olle specific dis­
tribution of parameter values to another. The values itself vary also across 
the border continuously but their specific distribution changes discontinu­
ously. Oue to the fact that boundary areas in reality - compared to the land­
scape areas itself - are only very narrow, they can be drawn as a line in a 
map (depending on the scale ofthe map and data available). 

2.4.4 Principle of neighborhood (or principle of polarity) 

One important advanced concession to the recognition of this principle of 
structure is the catena principle (see Chapter 2.6). 

Each site constantly interacts with their surrounding sites through an ex­
change of matter and energy. If we approach landscape on a structural­
functional basis, we must consider both the vertical structure (Iooking down 
vertically) of a site and its interaction with its surroundings: We have to con­
si der the spatial association ofvertical structure: the process structure (Fig­
ure 2.4-3). 

Landscape processes are controlled by the landscape structure (i.e., how 
the components are integrated). Various structures and related process occur 
throughout any area. For making predictions about alandscape behavior in-
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formation about the nature of its stmcture is required and how it varies geo­
graphically (spatially). 

Figure 2.4-3 Landscape process structure: Interactions between landscapes 

The principle of polarity mIes the lateral diversity of the earth's surface. 
Their energetic wave-like value variation induces lateral fluxes of matter and 
energy along the earth's surface. Depending on different pattern/texture 
styles (arrangement of single landscape units, landscape mosaic) the fluxes 
of matter and energy are directed in a specific manner. Hence we can differ, 
for instance between similarity ranks and contrast pairs (Figure 2.4-4). 

Plateau and ledge texture: With similarity ranks of landscapes; loose lateral coupling 

(m.'" ,oep'" ... ,,,,",",) .~~~~. 

I. Ridge, slope and depression texlure : with contrast pairs oflandscapes; strong lateral 
couoline (ablation. slooe water fluxes) 

Siope texture 
relief-relaled unilaterally oriented 
lateral processes and coupling 

Depression texture 
relief-related multilaterally oriented 
lateral processes and coupling 

Figure 2.4-4: Diffirent patternltexture styles of landscape units and the movement ofwater 
and matter based on (after Bil/witz 1997) 

2.4.5 Principle of hierarchy 

The principle of hierarchy is closely linked to the theory of dimensions in 
landscape ecology (see Chapter 2.2). According to this principle several 
landscape units of the same level can be grouped (ordered) to one landscape 
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at the next higher level. In the opposite direction alandscape on a considered 
level can be subdivided into several landscape units of the next lower level. 

Table 2.4-1 : Scale levels of landscape ecological research, specijic features and investigation 
methods (supplemented after Barsch 1988, 1996, Leser and Schaub 1995) 

dimension 

topological 

chorological 

specific features 

single component features 

spatial combination of single 
features, 
biotope complexes 
soil societies 

investigation methods 

analysis of geocomplexes (Neef 1963) 
topological site analysis (Barsch 1988) 
landscape ecological complex analysis 
(Leser 1991, Mosimann 1984b, see Chapter 
3.4) 

delineation ofmosaic types (Neef 1963) 
chorological fabric analysis (Barsch 1988) 
chorological synthesis (Leser 1991) 

regional spatial distribution of leading regional area analysis (Barsch 1988) 
features (tectonics, climate) 

zonal global distribution of leading regional geographie formation (Leser 1991) 
geospherical features (climate, vegetation) 

The hierarchy principle guarantees a regulated diversity. It is a matter of 
subordination, within at least three area dimensions are connected. Hierarchy 
is a structural principle, whereas pattern! texture only represents the related 
conspicuous form. 

=> 
structure 

heterogeneous 

Figure 2.4-5: Scheme for the investigation of the hierarchical landscape construction (after 
Herz 1994) 

According to this principle a top-down as weil as a bottom-up approach 
to landscape is possible. Landscape units of different levels can be distin­
guished by c1assification of natural areas - a top-down approach or by a 
taxonomy of natural areas - a bottom-up approach. 

The natural regionalization as a method of classifying natural regional 
units starts at visible physiognomie units that will be subdivided into smaller 
ones. Thereby the criteria relief, mesoclimate, vegetation and soils are used. 
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It is directed more toward the formal structures of natural regions and less 
toward their functional structures. The most important methodological work 
in this field in Germany has been done by Paffen (1953). Based on this theo­
retical work a map of natural areas of Germany with written descriptions of 
the regions and a long methodological introduction has been created by 
Meynen and Schmithüsen between 1953 and 1962. Unfortunately this physi­
ognomie approach was lacking essential ecological components including 
interactions between structures and processes. That is why at the end of the 
60s the above mentioned method was supplemented by the taxonomy of 
natural areas that considers the methodological and practical necessity of 
quantitative description of regions. Nevertheless it had to deal with the diffi­
culty to include functional ecological variables and processes adequately 
(see Chapter 6.1). 

2.5 Landscape boundaries, ecotones 

2.5.1 There is always something between something 

Boundaries are everywhere. The human eye and mind differentiate and 
compartmentalize the world around us, the environment, into units: Rooms, 
chairs, trees, and mountains. If you have a discrete object, there has to be an 
end and a beginning to it, its boundary. The skin is the boundary for our bod­
ies for example. It seems a two dimensional surface, but when we start 
changing scale, like use a microscope, the two dimensions dissolve into a 
space with three dimensions: hairs, pores, parts of skin etc. Two fundamen­
tal concepts of boundaries emerge: 

every boundary is in reality a boundary space, a three-dimensional body 
with boundaries of its own, and 
boundaries are scale- and observer-dependent. 

For some microbes, our skin is the environment they live in, for us the 
skin is the transition to our environment. The necessity for formulating 
boundaries derives itself partly from the "hierarchy principle" (Blumenstein 
et al. 2000, see also Chapter 2.4). But those boundaries are analytical in na­
ture and in reality divide a continuous universe. Nevertheless it is practical to 
delineate subsystems within our universe, simply because our imagination is 
not able to handle such complexity. The well-known parable of the watch­
makers (Sirnon 1962 in Wu 1999) explains heuristically the need for using 
systems, subsystems and therefore the boundary concept: Two watchmakers, 
Hora and Tempus, were making equally fine watches, each consisting of 
1,000 parts. 80th were frequently interrupted by customers' phone calls, at 
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which time they had to stop working, thus the unfinished watch at hand fell 
apart. Hora took the hierarchical approach by having his watch built with 
modules that were further composed by submodules, while Tempus assem­
bled his watch directly from the parts. Eventually, Hora became a rich man, 
but Tempus went bankrupt. Simple probability calculations reveal that, sup­
pose the probability of an interruption occurring while apart is being added 
to an assembly is 0.01. Hora makes 111 times as many complete assemblies 
per watch as Tempus. 

If we use this boundary concept in landscape studies, we arrive at the 
concept of the ecotone. Ecotones divide units (homogeneous areas in the 
scale they are observed), they are often shown as a line on a map, e.g. the 
coastline on aglobe. Clements (in Hansen et al. 1992) first mentioned the 
term "ecotone" in 1905. He observed that boundary zones between plant 
communities could combine characteristics of both adjacent communities as 
weil as generate individual features of the transition zone. The roots of the 
term are Greek, "oikos" meaning household and "tonos" meaning tension. 
Until the emergence of the "patch dynamics theory", however, the term 
"eeotone" was unused. It beeame evident only recently, that ecotones in their 
function as transition zones actually define patehes in the landscape. 

A widely accepted definition of the term ecotone is as follows (Holland 
1988): "Zone of transition between adjacent ecological systems, having a set 
of characteristies uniquely defined by spaee and time seales and by the 
strength of the interactions between adjacent ecological systems." 

Keeping in mind that an ecotone can vary in size and in ecological func­
tioning it can be expressed in other terms as: "Ecotones can be viewed as 
zones where spatial or temporal rates of change in eeologieal structure or 
function are rapid relative to rates across the landscape as a whole" (Hansen 
et al. 1992). 

Boundaries ean be smooth or sharp, curvilinear or straight (Forman 
1995). Straight boundaries and edges are mostly related to human aetivities 
and are likely to be anthropogenie. Modern agriculture and infrastructure 
tends to ereate straight and sharp linear boundaries. Curvilinear boundaries 
are more organie and often related to naturallandscape elements, such as 
rivers. Most boundaries show spatial arrangements at different scales. They 
are organized in different fraetal dimensions (Figure 2.5-1). 

Van Leeuwen (1970) defined the extremes of boundaries as "limes eon­
vergens" (sharp edge) and "limes divergens" (smooth gradient). Although 
being addressed initially to plant communities, these terms were adapted to 
landscape elements of higher levels of organization. Perhaps due to the de­
cline of Latin language in natural sciences, the terms ecoeline (for "limes 
divergens") and ecotone (for "limes convergens") became more sueeessful. 
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Initially, these terms were introduced by Westhoff (1974) to describe limits 
of plant communities. 

§ 
Element 1 

~ 
Element 2 

A. C. 

Figure 2.5-/: In landscapes different types of boundaries exist showing variability at different 
fractal dimensions. This is reflected in straight (A), curvilinear (B) or modified at multiple 
fractal dimensions (C) (drafi: C. Beierkuhnlein) 

Van der Maarel (1976, 1990) suggested that a gradual transition should 
be called "ecocline", while the term "ecotone" should be reserved for a sharp 
transition, an all-or-nothing scenario (see Chapter 2.3.2). So far, some stud­
ies have tested this theoretical concept (e.g. Backeus 1993), but the general 
definition of ecotone as mentioned above in conjunction with the scale de­
pendency seem to have lead to the usage of ecotone for both scenarios. To 
c1arify the concept of ecotones in relation to other concepts in ecology, Han­
sen and Di Castri (1992) differentiated the several terms (Table 2.5-1). 

Table 2.5-/: Terminology for change in space and time 

change in space 

change in time 

gradual 
abrupt 
progress i ve 
sudden, nonlinear, chaotic 

2.5.2 Ecotones in theory 

ecocline 
ecotone 
ecological succession 
ecotone 

Figure 2.5-2 shows four ecosystems and their joumey through time and 
space. Each ecosystem can be perceived as a ball rolling along its trajectory 
towards an unknown attractor. It has its particular place on the earth's surface 
(or ocean depth for that matter). Each ecosystem is controlled by different 
factors, their interactions as weil as their changes through time. These are 
called "controlling factors" (Haken and Wunderlin 1991). In Figure 2.5-2, 
the array of controlling factors is symbolized by jacks, lifting the space/time 
continuum, providing possible trajectories and ultimately "channeling" each 
ecosystem on its way through time and space. 

Ecosystem I is running up on a threshold in time, the controlling factors 
no longer support this particular ecosystem on that particular spot in space. 
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We could imagine a warming climate in northem latitudes leading to an in­
vasion of tundra by trees. The ecosystem I, arctic tundra, is slowly replaced 
by another type of ecosystem, let's say boreal forest, ecosystem 11. The arctic 
tundra, before a stable ecosystem on our space-time surface and therefore 
symbolized as abalI, is entering a temporal ecotone stage. The controlling 
factors no longer allow the existence of pure arctic tundra on this spot. In 
terms of general systems theory, the arctic tundra is moving through the 
stage of "critical slowing down" towards instability. This instability is sym­
bolized by the ridge, the "threshold in time" . From there, chance and the new 
controlling parameters will determine which new system will establish itself 
and where it is moving. This newly established system is truly unique and 
unparalleled. It might to a wide degree be nearly similar to ecosystems we 
can encounter in other places on the earth. But with a look on the time-space 
continuum, we can see that this point/ecosystem in time has its special and 
unique history. To what degree the history of this point will impact the fu­
ture can only be guessed. 

SPACE 

Figure 2.5-2: Four ecosystems on their journey through time and space. They are following 
their trajectories, guided by an energetic "landscape ". Controlling factors are symbolized by 
jac!cs, lifting the time-space continuum, creating the conditions in which ecosystems and their 
ecotones evolve, exist and perish 

Let us now focus our attention on ecosystem II. It is confined by an array 
of controlling parameters or environmental factors . They are symbolized by 
the ridges between ecosystem 11 and ecosystems land III. These ridges are 
transition zones between two adjacent ecosystems, ecotones. They are them­
selves unstable and need input (energy, matter, information) from both 
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sides/ecosystems to exist. As we can see, time changes the position of the 
ecotone in space. To stick with our image from the beginning, we could 
imagine shifting biomes due to climate change. The ecotones or transition 
zones between them shift accordingly. 

As ecosystem II moves along its trajectory, it encounters a rising ridge, 
an emerging control parameter. As example we could think of the control 
parameter "human land use". Ecosystem II can no longer exist where addi­
tional energy input through intensive agriculture changes the environmental 
variables. The new and em erging ecotone might be the transition zone be­
tween forest and fields. 

Ecosystems III and IV are moving along their trajectories, uninterrupted 
by unexpected, chaotic events or strange attractors. Ecosystem III might be 
recovering from a disturbance, staggering along. The curvy trajectory sym­
bolizes resilience. The system is pushed and reacts with sideways motion, 
but does not go "over the edge". It remains stable in its setting. 

2.5.3 Ecotones in reality 

The recognition of a transition zone between two ecological systems by 
Clements (1905, in Hansen et al. 1992) could be called the beginning of 
ecotone research. Obviously the recognition focussed on the spatial aspect of 
ecological systems and their boundaries within a given area. Later on, after 
development of the theoretical foundations (which is still ongoing), the con­
cept was used not only in spatial but also temporal terms (e.g. Delcourt and 
Delcourt 1992). Keeping in mind that every boundary and its classification is 
scale dependent, we can identify ecotones where 

a steep environmental gradient exists, that directly affects ecosystem 
function, structure and composition. Example: Boundary between forest 
and fields in anthropogenic landscapes, and 

- nonlinear response to a gradual change of environmental variables is 
found, the "threshold effect" or the effect of cumulative impact. For ex­
ample a pH change below 5.5 in the soilleads to mobility of A13+ -ions 
with toxic effects on many plants as weil as to ground water contamina­
tion (Blume 1990). 

Ecotones as the boundaries between different ecological systems can 
emerge on a variety of scales. Just as the ecosystem itself can vary in spatial 
extent as weil as occupy different levels in the spatial hierarchy (see Chapter 
2.4), its boundaries, the ecotones can be found on different hierarchical lev­
els. Gosz (1993) proposed an "ecotone hierarchy" ranging from the biome 
ecotone (the biome transition area) to the plant ecotone (Table 2.5-2). Exam­
pies of studies covering the whole range of scales in ecotone research are 
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Bretschko (1995), Kieft et al. (1998), Neilson (1993). The hierarchy is 
closely linked to probable constraints or controlling factors, which at the bi­
ome level are macroclimate and its variation through major topographie 
structure (Figure 2.5-3). The finer the scale and therefore the hierarchical 
level of the ecotone, the more controlling factors influence the ecotone. In 
addition to the number of controlling factors, their kind and type change with 
each hierarchical level. At the lower end of the hierarchy, the plant ecotone 
level, macroclimate and the major topography are constant, but the differen­
tiation between different ecotones is rather controlled by factors such as mi­
croclimate, soil fauna, soil hydrologie regime etc. At increased finer scales 
the possible combination of controlling factors is much higher than at the 
coarser levels, simply because it is influenced by all factors above it in the 
hierarchy! The biome ecotone (a large scale phenomenon) may be a result 
of two or three controlling factors (in our perspective). The landscape 
ecotone, however, is already influenced by the biome it is located in, there­
fore by its controlling factors, PLUS additional factors on the landscape 
level. Macroclimate and topography are influencing the landscape ecotone as 
weil as e.g. soil distribution, geomorphic structure and mesoclimate. 

Table 2.5-2: Ecotone hierarchy, based on Gosz (1993) 

macro 
scale 

mesos 
cale 

mieros 
cale 

ecotone hier­
archy focus­
sed on ecol­
ogy 

biome ecotone 
landscape 
ecotone 
pateh ecotone 

population 
ecotone, 
plant pattern 
plant ecotone 

proposed hierarchy 
focussed on integral 
ecological landseape 
units 

land-oeean ecotone 
(global) 

ecozonalecotones 
landscape ecotone 

top ecotones 

controlling factors 
(eaeh eeotone is influeneed by con­
trolling factors of its own level and 
in addition by every controlling 
faetor above its level) 
distribution of continents on earth 
surface 

macroclimate, major topography 
mesoc\imate, geomorphic proc­
esses, soil characteristics 
microc\imate, microtopography, 
soillsoil moisture variation, species 
interactions 
interspecies interaetions, intraspe­
eies interaetions, physiologieal 
eontrols, population geneties 
soil fauna, soil flora, soil ehemistry 

The highly differentiated site conditions of ecotones cause special com­
bi nations of species and communities, a high richness in species is usual (see 
Chapter 2.8.5), but ecotones can also display less biodiversity than the 
neighboring ecosystems (Neilson et al. 1992). But ecotones often act as bar­
riers in ecosystems (Blumenstein et al. 2000). They are always areas of dis­
continuity. This discontinuity explains in part the emergence of structure as 
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part of feedback loops. On ce a boundary is manifested, gradients will control 
the flow of energy, matter and information across it. The different strength 
of gradients leads to increased differences in the two systems bounding the 
gradient. In the soil for example, differences in the redox potential of a water 
saturated sediment layer can lead to different felling of Fe- and Mn­
molecules. This is an important prerequisite for the development of rosty 
patches and concretions in the oxidized layer of a gleyic soil (Scheffer and 
Schachtschabel 1992): 

Figure 2.5-3: The forest steppe zone in Asia is a broad ecotone between the steppes in the 
south and the zone of compact forests (taiga) in the north. Due to extreme climatic conditions, 
and supported by human activities (timber cutting, grazing), in the northern Mongolian 
mountains mainly northern slopes are covered by forests, while dry southern slopes are 
dominated by grass and herb steppe ecosystems (Photo: 0. Bastian 1994) 

The ecotone concept can be applied to both spatial and temporal investi­
gations. If we could directly observe one particular spot on the earth's sur­
face through time, we would always see change under way and never per­
ceive a stable state of this one spot for very long. Through thousands or even 
millions of years our spot might change from being part of the ocean to a 
shallow lake to a steppe type ecosystem. We would maybe see a cooling of 
temperatures, a change in species composition, the advancement of the ice 
shields, their retreat and the recolonization of our spot starting with gravelly 
soils, the first lichens arriving, mosses, brushes etc. until we might see a for­
est. Through so me of our observation we could identify an ecosystem in a 
quasi stable state, meaning that the controlling factors and their "answer by 
nature", the ecosystem at that time, are in equilibrium. A lot of scientific re­
search has focussed on these "stable states" and only lately has attention 
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been given to the dynamic and change of these systems. These times of in­
creased change, maybe even catastrophic in nature, are ecotones in time. 

2.5.4 Delineation of ecotones 

Methods for ecotone detection include spatial analysis (GIS and remote 
sensing, see Chapters 6.2 and 6.3) for the detection of patterns in space 
(Fortin et al. 2000) and statistical methods applicable to both spatial and 
temporal datasets. Fortin et al. (2000) also include modeling as detection 
methods for ecotones by formulating and predicting interactions in multi­
variate datasets . In general, ecotone detection is the ability to determine spa­
tial or temporal change (Johnson et al. 1992). 

Table 2.5-3: Overview of statistical methods available for detection, measurement and char­
acterization of ecotones ([rom Fortin et al. 2000) 

eeotone attribute 

deteetion 

loeation 

width 

evenness 

sinuosity or Curvi­
linearity 

eoherenee and sig­
nifieanee 

data type 
grid data (raster 
format, e.g. in GIS) 

edge deteetion algo­
rithms and kerneis 
thresholding of edge 
operations 
goodness of fit fOT 
loeation statisties 
dispersion of width 
along boundary 
length ofboundary 
as a funetion of grid 
preeision; fraetal 
dimension 
boundary statistics 
overlap statisties 
(different between 
boundaries in vege­
tation, soil, ete.) 

transeet data 

magnitude of first 
differenee 
maximum of first 
differenee 
magnitude of first 
differenee 

eoineidenee of lim­
its more often than 
by random chance 

sparse data, un­
evenly distributed 

irregular edge de­
teetion 
funetional eriteria 

magni tude of first 
differenee 
dispersion ofwidth 
along boundary 
length of boundary 
as a funetion of grid 
preeision; fraetal 
dimension 
boundary statisties 
overlap statisties 
(different between 
boundaries in vege­
tation, soil, ete.) 

For an overview of statistical methods concerning detection of patches in 
landscapes and therefore ecotones as their boundaries see Fortin et al. 
(2000), Johnston et al. (1992) and Turner et al. (1991). Some detection 
mechanisms include: GIS functions (e.g. pattern recognition, optimal corri­
dor location, fractal dimension), "moving (split) window" technique, espe­
cially suited for transect data, "wombling" (lattice, triangulation, categori­
cal), essentially a two dimensional form of the moving split-window tech­
nique. Once ecotones are detected they can be measured for width, vertical-
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ity, evenness and curvilinearity (total length divided by straight line length) 
or sinuosity (Iength of ecotone per unit area using fractal dimension, Ta­
ble 2.5-3). 

2.5.5 Ecotones and change 

Ecotones are often described as "early waming stations" for a change in 
structure and composition of the adjacent ecosystems (Allen and Breashears 
1998). Meaning that if controlling factors are changing (e.g. mean annual 
temperature increases under global warming scenarios), the change and ef­
fects of that change can first be detected in the boundary zone, the ecotone. 
This is based on the assumption that the Iimiting factor delineating the spa­
tial extend of that ecosystem at that time continues to be the limiting factor 
after the change took place. This is not always the case and studies not sup­
porting this view are documented (Neilson 1993). 

Let us look at one example, the treeline-ecotone in interior Alaska: 
During the last decades, the Arctic and Subarctic are experiencing warmer 
temperatures both in summer and winter (Juday et al. 1998) and global 
change is heavily impacting high latitude ecosystems. One of the most visi­
ble natural ecotones is the treeline-ecotone, dividing in our case the boreal 
forests and the arctic or alpine tundra. Fundamental interest in the question 
of possible treeline movement under global change is fueled by the question 
of carbon uptake of the boreal forest ("sink-source question"), albedo 
changes and other feedback loops between boreal forest and global c1imate 
(Foley et al. 1994). This treeline is generally thought to be correlated with 
the July 10°C isotherm (Daubenmire 1954). The limiting factor for tree 
growth is therefore believed to be temperature. Under global change scenar­
ios, the vegetation zones will eventually adapt to higher mean annual tem­
peratures and changes summer and winter conditions (Chapin et al. 1995). 
This logical reasoning is based on the assumption that temperature will still 
be the limiting factor for tree growth under changed conditions. However, 
new findings suggest, that the limiting factor for tree growth and establish­
ment may have shifted to moisture supply within the boreal forest and at 
least parts of the forest-tundra ecotone in Alaska (Jacoby and D'Arrigo 
1995). Briffa et al. (1998) reported a decreased sensitivity of radial growth 
of high latitude trees to temperature since the mid 20th century. This would 
have a major impact on the forest-tundra distribution in interior Alaska. Two 
scenarios are most likely: 

1. The forest will expand into tundra with increased summer air tempera­
tures, providing a higher CO2 uptake and a negative feedback to the 
greenhouse effect (our "Iimiting factor stays the same scenario") 
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2. Under increased summer air temperatures the limiting factor oftree 
growth will shift to moisture supply, possibly leading the ecosystem tra­
jectory towards higher fire frequency, massive die-back ofwhite spruce 
due to moisture stress and slow change into aspen parkland, resulting in 
another positive feedback loop with less CO2 uptake and increased 
greenhouse effect. 

These scenarios make clear that completely different outcomes are possi­
ble due to a small change in the ecosystem trajectory. There is no real way of 
sure prediction. Predictions based on linear causal chains might just be lucky 
hits, if nothing fundamentally changes within the ecosystems in question. As 
outlined above, this is not always (actually seldom, Briggs and Peat 1993) 
the case. Under these more realistic circumstances we will be able to use a 
ton of colorful prediction maps as wall paper in storage rooms. Going back to 
Figure 2.5-2 we can now ask, ifthe boreal forest ecosystem faces the destiny 
of ecosystem I, running against a threshold in time and subjected to funda­
mental changes in internal structure, or ecosystem III, shaken, but still on its 
way through time, adapting by spatial change and shifts in biome location. 

As a careful first conclusion we might say that: 

- Small and slow shifts in controlling factors lead to a gradual spatial shift 
ofthe ecosystems involved as long as the limiting factor is not changing. 
The change can be first detected in the ecotone areas. 

- Catastrophic events, nonlinear responses and change in limiting factor 
can lead to different ecosystem trajectories, change is not first detected in 
the ecotones. 
If the monitoring interest is focussed on ecotones in time, the core areas 
of biomes might provide a more suitable homogeneous background for 
detection of change, e.g. regional drought-stress (Neilson 1993). 

2.6 The catena principle 

Experience of surveying natural units in hilly areas has shown that cer­
tain ecotopes regularly recur within certain natural areas on the chore scale. 
Although working separately, both Haase (1964) and Klink (1964, 1966) 
introduced the term "ecological catena" for such regular sequences of 
ecotopes during their studies in the hills of Lusatia and in thc highlands of 
Lower Saxony, respectively. The term is actually an extension of the catena 
concept coined by Milne (1935) and Vageier (1955) in mapping tropical soil 
series. Such ecological catenas were termed "Standortsketten" (site chains, 
Kopp 1961) in forestry mapping, and Standortsreihen ("site series", e.g. 
Schmithüsen 1968) in vegetation geography. 
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The soil catena comprises a natural sequence of soils, while the ecologi­
cal catena consists of ecotopes spatially linked together. Its internal and ex­
ternal characteristics can be demonstrated quite c1early by means of profile 
sections through natural chores and maps of ecotope structure. As a rule cer­
tain basic trends of regional natural development can be identified, i.e. eco­
logical catenas have a certain make-up in terms of landscape genesis. 

However, the ecologieal catena is not just the result of a natural areals 
chronological development, but is also subject to current ecological proc­
esses, especially the water-based transfer of dissolved and solid substances. 
Such processes cause constant impoverishment to hilltops (and general de­
nudation edges) and upper slopes where substance transport occurs, accom­
panied by faster desiccation compared to lower hiIlsides. Mainly substance 
transport takes place in middle hillsides (in connection with intertlow and 
surface run-off), while the soil water tlows towards the lower slopes, result­
ing in the accumulation of the substances thus transported. 

The combined result is an improvement in lower hiIlsides and the area at 
the foot, assuming the root area is not restricted by water-Iogging. The lower 
hillsides are the most valuable areas for both forestry and agriculture. As­
suming the slope is not too steep, crops can even be raised he re in hilly ar­
eas. 

In addition to current relief-controlled processes affecting the ecology 
and pedogenesis, weathering and soil formations from previous stages of 
geological development contribute to the formation of ecological catenas. Of 
particular importance in this respect are morpho-pedogenetic processes dat­
ing back to the Ice Age. In hilly and mountainous periglacial areas in 
Europe, North America and the rest of the worId, underground rock often 
only reaches the surface at hiIltops, hillside edges and upper hiIlsides, pro­
viding the source rock for the usually tlat soils (see Figure 3.2-4). By con­
trast, the source rock of lower slopes comprises Quaternary and especially 
Tertiary weathering cover on crystalline rocks (debris, upper layers and sur­
face layers) (AG Boden 1996, Fried 1984, Semmel 1964, 1966, Stahr 1979, 
Välkel 1992, Zepp 1999). Lower down, the thickness of these top layers 
generally increases, and clear stratigraphie division can be seen. Sometimes 
they consist of the weathering of crystalline rocks (granite, gneiss) from the 
Tertiary, whose transition to the source rock is diffuse but which is c1early 
separate from the Pleistocene cover originating elsewhere. Normally, how­
ever, these upper layers are the result of frost dynamics and comprise migrat­
ing debris from the Ice Age mixed with fines transported by water and wind. 
On lower slopes and at the foot they are often covered by younger eolian 
loess deposits. On the basis of the frequently recurring features, the German 
Soil Study Group differentiates between the following migrating layers: 
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bottom layer: widespread, free of loess loam, compacted, containing con­
solidated rocks and similar substances to the underground rock, 
middle layer: mixed with eolian fines, frequently unconsolidated rocks, 
c1early separate from the base layer but diffuse transition to the main 
layer, and 
main layer: occurring almost everywhere outside Holocene erosion and 
accumulation areas, mixed with eolian fines; substrate for Holocene soil 
formation (AG Boden 1996). 

The accumulation of periglacial weathering material and Holocene ero­
sion products (humus, fines) increases the storage area for soil water 
throughout the lower hillside area and at the foot. In addition, the increase in 
fines raises the sorption capacity. The soil profiles increase in depth, causing 
the root area to expand. These are all ecologically favorab le criteria for 
greater biotic productivity in such lower hillsides and bottom area. 

On lower slopes, springs sometimes emerge above dense rock (such as in 
crystalline areas) from the water-saturated debris layer. The toposequence of 
floodplain forest sites on various old river terraces with varying groundwater 
levels, various sediment cover, and decreasing flooding frequency and dura­
tion at higher altitudes, can also be described as ecological catenas (Figure 
2.6-1 ). 

water 

annual : low : river 
: grass I reed 

: grass 

flood plain without 
trees 

azonal 

willow ': w~ite greyalder 
shrub , wlllow wood 

: wood 

offen flooded riverside wood 
"softwood' formation 

vegetation 

ash mixed wood 

rarely flooded 
riverside wood 
"hardwood" f 

ca30m 

ca3m 

zonal vegetation 

Figure 2.6-1: Typical ecological catena from the middle reaches of a river in the northern 
Alpine foothills (Alpenvorland) (hydro-topo-sequence) 

Above all on broad slopes on taUer mountains, the edaphically caused 10-
cal division is also influenced by the terrain climate. For example, cold air 
regularly builds up in valleys, particularly in transition seasons, which af­
fects the lower slopes. The thermal regime is more balanced in the middle 
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slopes (the air is mixed as cold air flows away), while at higher altitudes the 
lower temperatures usually result in greater rainfall. 

All in all, the ecological catena is an important principle of classification 
in the naturallandscape structure. It brings together ecotopes connected by 
lateral substance flows to form a topographical ecological complex. Recur­
ring catenas in a region are important criteria for the designation of natural 
areas on the scale of chores, especially microchores. 

2.7 Water-bound material fluxes in landscapes 

2.7.1 The importance ofwater-bound material fluxes in landscapes 

The structure and distribution pattern of landscape elements such as land 
use, land cover, soils and relief determines fluxes of water, material and 
energy in landscapes. Flux interactions within and between different types 
of landscape are also important (Volk and Steinhardt 2001). Turner and 
Gardner (1991) point out that a consideration of horizontal nutrient transport 
across landscapes requires an understanding of spatial and functional bio­
geochemical diversity. Shaver et al. (1991) describe an approach to develop­
ing a spatially explicit nutrient budget for a heterogeneous landscape in the 
arctic. Their approach views heterogeneity from the process level and allows 
the importance of spatial pattern for nutrient transport to be estimated. How­
ever, the pattern or heterogeneity of processes may or may not correspond to 
the heterogeneity of the patches observed by a human (Turner and Gardner 
1991). 

The ecosystem concept, with its central terms structure (physical, 
chemical and biological) and function (materials and energy), is applicable 
at the landscape scale (Aurada 1999). The concept that ecosystems are sub­
stantial and energetically open systems, with material and energy flows in­
fluenced input-output-relationships is also relevant. Key extern al or internal 
processes influencing materials flow are erosion, surface water movement 
and nutrient leaching. The type of process and its flow rate are a function of 
climate and landscape structure and they can be initiated, affected or regu­
lated by human activities. In extreme cases impacts can result in lasting dis­
turbances such as landslides, flooding and damage to crops of wildlife habi­
tats. The time scale at which each process operates is variable (Zepp 1999). 

2.7.2 Disturbance ofwater-bound material fluxes by human impact 

Land use is increasingly modifying material CYcles and exchange proc­
esses in the biosphere (Häfner 1999) by changing landscape structure. It 
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has a strong impact on the adaptability, the regeneration, regulation capabil­
ity of ecosystems at the landscape scale (Volk and Steinhardt 2001). Activi­
ties such as the sealing of land surfaee and consolidation of farming have 
impacts on the duration, range and intensity of water-bound material fluxes 
within and between different types of landscapes. Additionally, the mode, 
concentration and composition of the transported material such as waste and 
sewage from settlement and industries, pesticides and fertilizers is changed 
by human activities and result in environmental, social and economic stress. 
Estimation of the spatio-temporal input behavior of selected pesticides 
(Grunewald et al. 1999) is needed to und erstand their impact. 

Studies from different parts of the biosphere deal with the eonsequences 
of site-unsuitable land use. Consequences inc\ude the transport of nutrients 
like phosphorus by surfaee run-off, or the leaching of nitrogen to groundwa­
ter. Soil erosion ean lead to lower crop yields in the damaged areas (on-site­
damage). Off-site-damage caused for example by increased sediment and 
nutrient loads into water bodies. 

The high nitrate load of the groundwater investigated at many extrac­
tion-wells for drinking water, especially in agricultural landscapes, ean re­
quire the admixture of drinking water with low nitrate values. As a result, 
many drinking water suppliers and environmental institutions see a need for 
aeting to reduce nitrate leaehing into groundwater. 

Since the beginning of the 20th century, eonsolidation of farming has led 
to a deerease in biotope diversity throughout Europe. Remaining biotopes 
are also affeeted by nutrient input, for example, from arable land. The effeets 
are damaging to oligotrophie biotopes (Kleyer 1991). 

2.7.3 Problem-solving approaches 

We live at a time in which radical and far-reaching decisions on manag­
ing ecological conditions and the funetional capability of biosphere-scale 
eeosystems need to be made (Häfner 1999). Such important deeisions re­
quire comparable information about the spatial distribution, temporal cyc\es 
and process interactions within the global system. 

Integrated approaches and model simulations dealing with the spatial 
and temporal description of the impacts of natural changes and partieularly 
land use indueed changes on water and material balance are required. A 
eomprehensive deseription of methods for landscape eeologieal analysis ap­
plied in Germany is given by Bastian and Schreiber (1999) and Zepp and 
Müller (1999). The most developed investigation methods are for small scale 
studies, with recommendations for methodological standards in mapping, 
measuring and assessing mostly up to ascale of 1 :25,000. There is no stan­
dard approach for investigating integrated landscape analysis on the meso-
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and macroseale (Lenz 1999). Most of the nutrient load of surface waters 
originates from non-point sourees. For the analysis of these processes, the 
application of models in combination with geographical information systems 
(GIS) is a useful approach (see Chapter 6.2). Spatial variability of the land­
scape characteristics and their influence on the transport of water and nutri­
ents within a given area is important. Chapter 6.4 refers to the relevant 
methods, models and approaches. The investigation of processes at different 
seal es is essential for a better understanding of the transport mechanisms and 
spatial interactions for regulating water-bound fluxes have to be improved as 
a contribution to protecting natural resources such as water and soil, espe­
cially in cultural and agriculturallandscapes (Figure 2.7-1).Land use regula­
tion is a steering option for the sustainable management of water-bound ma­
terial fluxes in landscapes (Neurneister 1987). In addition to abiotic compo­
nents ofthe landscape, biological processes are also important in understand­
ing water-bound fluxes (Finke 1994, Wohlrab et al. 1999). 

One of the most important topics in lands cape ecology is the differentia­
tion between vertical and horizontal fluxes and processes. Most process­
oriented investigations are focussed on small sites. These studies have con­
tributed particularly to vertical processes at the microseale. On the 
mesoscale, horizontal processes are the main focus of consideration (Leser 
1997). A problem arises in transferring information about horizontal proc­
esses to nature areas or watersheds recorded at one point in time - in spite of 
several studies dealing with theoretical aspects, the improvement of field 
analysis and "scale-transfering" techniques (Schmidt 1978, Volk and 
Steinhardt 2001). 

Figure 2.7-1: Rivers are paths of matter jluxes within and across landscapes: Flood of the 
Eibe River in Dresden, capital ofSaxony (Germany) (Photo: 0. Bastian 1999) 
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Menz and Kempel-Eggenberger (1999) suggested combining landscape 
ecological methods and analyzing at two scales to partly resolve these prob­
lems. At the microscale, they followed the concept of the landscape eco­
logical complex analysis, with time-dynamic measurements of water and 
material fluxes (Leser 1997, see Chapter 3.4). The main step ofthese inves­
tigations is local analysis of landscape complexes with the conceptual model 
"local-site regulation cycle" ("Standortregelkreis" , Chorley and Kennedy 
1971, Mosimann 1978). This theoretical model includes different spatio­
temporal dimensions that can be used to scale up material fluxes and trans­
formations. Because of the problems with the transfer of local process in­
formation to larger areas, Herz (1994) suggests the development of hypo­
thetical key factors or connecting links between the different seal es. The 
method used in this approach is digital ecological risk analysis. It is based 
on a classification of homogenous units of process attributes (Leser and 
Klink 1988). 

The combination of structural and process parameters and the application 
of classification and assessment methods (e.g. Marks et al. 1992) enable the 
designation of ecological zones sensitive to specific natural and anthropo­
genie impacts. By modifying the classification and assessment methods, 
transfer to larger areas (regions) is possible. In addition to the problem, that 
there is less information about process dynamics and process behavior in 
these structurally oriented studies, most of the existing assessment methods 
are valid only for scale levels up to 1 :25,000. Nevertheless, Menz and Kem­
pel-Eggenberger (1999) suggest the combination of these two methods as a 
base for defining of connecting links between the dimensions (?) that allow a 
scale specific characterization of the process transformations. 

The importance of changes in ecological and socio-economic parameters 
depends on the spatio-temporal level (Mosimann 1999, Steinhardt and Volk 
2000). Thus, we suggest a hierarchical approach for investigating and as­
sessing landscape balance. 

With the completion and combination of "classical" methods such as 
measuring, mapping and assessment with innovative GIS-model­
applications, the problem of the verification of meso- and large scale model 
caJculations of the landscape balance should be solved. These approaches are 
important for the progress of scale related landscape ecological research, 
considering questions of system behavior, adaptation, feedback mechanisms, 
hierarchies, synergy, etc. A remaining problem is the definition of links be­
tween the different scales. Another question is the degree to which often 
such "philosophical", difficult and complex system approaches have to be 
simplified for applications e.g. to environmental planning. Here, a combina­
tion with more practical approaches, such as is suggested by Bierkens et al. 
(2000), is relevant. 
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2.7.4 Conclusion and outlook 

In consideration of the "state-of the art" of investigating water-bound ma­
terial fluxes as a field of landscape ecology, many open questions remain. 
Thus, future research should be addressed to the following topics (Volk and 
Steinhardt 2001): 

- Improving the understanding of landscape ecological processes: inter­
actions between landscape pattern and processes. This objective requires 
further development of models and scale-specific assessment methods. A 
promising development is the further progress and application of object­
and cognition-based remote sensing methods. 

- Improving the availability of large area data bases, the development 
oftransfer functions and the upgrading of so-called "hydrological remote 
sensing" methods. 

- Gaining knowledge about the "natural" dynamics and adaptation of 
ecosystems (present "ecological" assessments are mostly process ori­
ented, especially on larger scales, particularly in relation to human im­
pacts and land use. 

The inclusion of information about water-bound material fluxes and other 
ecological processes is important for nature and landscape protection. Rele­
vant questions asked by Mosimann (1999) are: 

- How large should areas be for the ne ar-natural of running water systems? 
- How will the current spatial structure of agrieultural landseapes influenee 

future vegetation patterns if land use beeomes less intensive? 
- How ean c1imate and water balanee-related proeesses be used to predict 

the development ofvegetation? 

Today, sophistieated models exist that deseribe, analyze and prediet eeo­
logical eonditions and proeesses at small seales (see Chapter 6.4). At the 
mesoseale, however, this is not the ease. Thus, landseape eeology should 
foeus inereasingly on these mesoscale investigations. However, the quality 
and availability of the input data relating to funetions for a proeess-oriented 
modeling in commereial Geographical Information Systems (GIS) is poor. 
The availability of proeess data eould be improved by eoupling of GIS with 
external simulation models (see Chapter 6.4). 
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2.8 Dispersal of organisms - biogeographical aspects 

2.8.1 Reasons and modes for organisms' mobility 

The distribution of plants and animals in alandscape is dynamic. At the 
species and population level, mesoscale spatial changes take place, with the 
extension or reduction of the area of distribution. Weeds and insect pests 
invade, e.g., from surrounding biotopes. Dispersal mechanisms are driven by 
wind and water. Animal locomotion for foraging, mating, and hibernation on 
a daily or seasonal basis takes place within or between habitats. Dispersal is 
a process which can change the geographie range of species. Many ani­
mals need landscape heterogeneity to survive and complete their life cyc\e. 
Seasonally available habitats can contribute. They may be separated by 
considerable distances, ranging from less than a kilometer to thousands of 
kilometers. The seasonal migrations of animal species are well-known and 
spectacular: amphibians to ponds for spawning, herds of big African game 
for water and feed, migrating birds for hibernation even between continents. 
In agricultural landscapes, many animals follow hedgerows to move between 
habitats. 

Most species have different seasonal diets. The capercaillie (Tetrao uro­
gallus), for example, eats pine needles in winter and herbs and berries in 
summer. The chicks are obligate insectivores in the first weeks after hatch­
ing, whereas the adults are herbivores. During daytime, bird rest at ground­
level in dense vegetation to avoid detection by day-active raptors, whereas 
they roost in trees at night to avoid night-active mammalian predators 
searching for prey by smel\. To stay alive and produce viable offspring dur­
ing its lifetime, a grouse needs a wide variety of different habitats within its 
ecological neighborhood (Rolstad 1999). The red-backed shrike (Lanius col­
lurio) needs a large variety of insects. The old-fashioned cultural landscape 
of mixed farming supplies an optimal variety of patches, each with a differ­
ent kind of crop or treatment, which in turn guarantees the insects. Similarly, 
the stork (Ciconia ciconia) depends on this type of landscape to supply con­
sisting of insects, small mammals, amphibians reptiles, etc. (Ringler and 
Heinzelmann 1986). The life zone of the common viper (Vipera berus) con­
sists of the basking, hunting, mating and underground cover. Habitats are 
also needed during the summer and for over-wintering. Migration and dis­
persal routes between the habitat fragments are also required (Schrack 1999). 
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2.8.2 Fragmentation and isolation 

The relationships between landscape structure and population dispersal 
depend on biological characteristics such as size of horne range, dispersal 
mechanisms and the ability to cross distribution barriers (sensitivity to frag­
mentation). 

The flux of organisms in landscapes is highly modified by human influ­
ences. There are many studies of plant and animal dispersal and distribution 
in relation to landscape structure, e.g. Burgess and Sharpe (1981), Farina 
(1998), Forman and Godron (1984), Jedicke (1994), Mader (1981), Usher 
and Erz (1994), Wiens (1999), various IALE congress proceedings such as 
Brandt and Agger (1984), Ruzicka (1988), Schreiber (1988), Turner (1987) 
and many papers which have since appeared in "Landscape Ecology", 
"Landschap", "Naturfredningsradet og Fredningsstyrelsen" and elsewhere. 

Habitat fragmentation caused by land use processes such as woodland 
c1earance, intensive agriculture, urbanization has had an enormous effect on 
habitat distribution and composition (see Chapter 2.3.7) 

Clearance and fragmentation of natural areas have occurred, and continue 
to occur, in every continent throughout the worId. It is one of the major is­
sues confronting wildlife conservation on aglobaI scale. Fragmentation is 
occurring on at an alarming rate, reducing large forest cover as weil as natu­
ral prairies. lt has different effects on habitat fragmentation results in: 

decrease in biotope size, 
- increase in the ration of biotope edge to area (see Chapter 2.8.5), 
- increase in distance between biotopes and population isolation, ecologi-

cal distortion ofthe biotope environment by foreign materials, drainage 
and surface sealing (Je dicke 1994). 

The consequences of fragmentation for flora and fauna have been inter­
preted and investigated by the general framework of the island biogeogra­
phy theory (McArthur and Wilson 1967). This theory explains the observa­
tion that islands contain fewer species than mainland areas of comparable 
size. An island biota is characterized by a dynamic balance between the im­
migration of new species to the island and the extinction of species already 
present. Immigration rate decreases with increasing distance of the island 
from source areas, while extinction rate decreases with increasing island 
size. The two events, immigration and extinction, result in a constantly 
changing species composition (species turnover) on the island. Taking into 
account their low immigration and high extinction rates, small islands will 
be characterized by high species turnover rates. The chance of successful 
colonization ofvery isolated islands is reduced. The result is that the biota of 
more isolated islands will equilibrate at lower species richness levels than 
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that of less isolated islands. In addition, the predicted decline in species 
numbers to a new dynamic equilibrium on newly created islands is depend­
ent on the area of the island; the greater the area, the slower the rate of this 
decline. 

The island biogeographic theory used to explain species richness on oce­
anic islands has also been applied to isolated habitat patches in terrestrial 
landscapes (Figure 2.8-1). Such habitat islands can be characterized by: 

high turnover by species through immigration and extinction, 
increase of species' numbers with increasing area, 
human-intluenced edge zones, 
modified species spectrum in favor of ubiquists especially in the edge 
zones, 

- impoverishment in species number, 
- dominance of only a few animal species, 

increased chance for a genetic differentiation of isolated populations. 

Figure 2.8-1 : The island biogeographie Iheory is also applied 10 isolaled terrestrial habitat 
palehes. for example in Ihe agrieulturallandseape: A small woodlol within arable jields near 
Moritzburg (Saxony, Germany) (Photo: 0. Bastian 2000) 

The island biogeography theory has met with criticism, since area size 
and isolation factors are not enough to explain fully the effects of fragmenta­
tion in habitat islands. Factors, such as habitat heterogeneity, connectivity, 
the presence of ecotones and corridors, and the metapopulation structure (see 
below) have also to be considered (Farina 1998). 

Isolation can be advantageous in some circumstances, for example, evo­
lution and its selection process require isolation. This applies to all natural 
systems at any scale (Zonneveld 1995). Corridors (see Chapter 2.8.4) can 
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increase the exposure of animals to human, increase the amount of poaching 
and exposure to diseases harbored by domesticated species. They also ne gate 
the quarantine advantage inherent in a system of isolated biotopes especially 
reserves (Soule and Simberloff 1986). 

Scientific validation of the island biogeography theory (as weIl as the 
idea of biotope connection - see below) is still fairly weak. Only for a very 
small part of the many thousands of plant and animal species of the earth do 
we know their dispersal ecology, minimal habitat area and dispersal dis­
tance. 

An important biologieal feature described in the context of population 
dynamics is the "metapopulation" introduced by Levins in 1970 (see Mer­
riam 1984, 1989, Opdam 1988). Levins considered a set of sub-populations 
actively in contact with each other forming a population on a higher level of 
organization. The meta population represents the concept of interrelation­
ships between sub-populations in more or less isolated patches. 

Many species naturally and especially in cultural landscapes occur in 
populations that are separated to varying degrees by poorer quality habitat. 
In fragmented landscapes the remaining patches of biotopes are too small to 
guarantee a sufficient chance of survival alone. Small populations are par­
ticularly sensitive to population, genetic change and environmental tluctua­
ti on, and local extinction may be a regular occurrence. For these populations, 
survival can depend upon interaction with other nearby populations. 

The concept of the metapopulation offers a theoretical framework for 
structuring research and ideas on populations in fragmented landscapes. It 
stresses the dynamic aspect, caused by the opposite effects of extinction of 
subpopulations and recolonization of empty patches. Evidence from the lit­
erature supports the presented model of a metapopulation in qualitative 
terms (Opdam 1988): 

- species distribution in a fragmented landscape is dynamic, 
- extinction and recolonization are frequent events, 
- often, some patches, mostly the small and isolated ones, remain unoccu-

pied for one to several years. 

The metapopulation model, however, is often based on simplified as­
sumptions regarding the distribution of habitat and the search for suitable 
habitat (random dispersal). Many species of conservation concern have lim­
ited demographie potential and these species may be at greater risk from 
habitat loss and fragmentation than previously suspected (With and King 
1999). 

In this context, the species-specific active radius of animals (see Table 
2.8-1) is important. Among others, the following questions are of interest: 
Can the distances between isolated habitats be bridged (e.g. by amphibians 
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to their spawning ground)? How far do predators and entomophagus para­
sites penetrate from adjacent woods to arable fields? These problems are 
mentioned by Aldo Leopold in his book "Game management": "The game 
must usually be able to reach each of the essential types each day. The 
maximum population of any given piece of land depends, therefore, not only 
on its environmental types 01' composition, but also on the interspersion of 
these types in relation to the cruising radius of the species. Composition and 
interspersion are thus the two principal determinants of potential abundance 
on the game range. Management of game range is largely a matter of deter­
mining the environmental requirements and cruising radius of the possible 
species of game, and then manipulating the composition and interspersion of 
types on the land, so as to increase the density of its game population." 
(Leopold 1933 in Roistad 1999). 

Table 2.8-1: Active radius ofsome carnivorous animals (!rom Müllerl981) 

animal 
ants, carabid beetles, red-backed shrike 
toad, mouse-weasel 
shrews 
hedgehog 
ermine 
fox 

active radius 

50m 
150m 
200 m 
250 m 
300 m 
1000 m 

Dispersal of organisms in landscapes can be hindered by barriers which 
cause 01' increase the isolation (see Chapter 2.5.3). In naturallandscapes, 
mainly rivers prove to be baITiers. Their isolating effectiveness increases 
with their width. Many animals can overcome a narrow rivulet without any 
problems. Still easier, plant seeds can be carried by wind, 01' animals over 
such obstacles. A broad lowland stream, however, isolates the populations at 
both si des much more. The intensity of the barrier function depends on the 
type of species. Waterfowl and birds at all are able to overcome the distance 
between isolated habitats much better than amphibians, butterflies better 
than isopods, spiders or even snails. 

Today, the separating effect of running waters is low compared to other 
human barriers. Increasingly, artificial barriers such as roads (from naITOW 
streets up to highways), tracks in fields and forests, railways, power lines, 
channels, fences and walls cause landscape fragmentation. On average, 2.1 
km roads, 0.1 km railways and 1.4 km sealed tracks cross every km2 of the 
territory of Germany. If the traditional routes of amphibians are crossed by a 
newly built road, the whole population can become extinct within only a few 
years. Barrier effects of tracks have been established for mice, carabid bee­
tles, spiders and esp. snails (Mader and Pauritsch 1981). 
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2.8.3 The minimum area 

Species sensitive to habitat size and are called "area-sensitive". Thus, 
there are animal species demanding large compact forests with old-growth 
stands, e.g. the forest-interior breeding Tengmalm's Owl (Aegolius funer­
eus). Another example, the Curlew (Numenius arquata) as a synanthropic 
species, need large areas of mesotrophic and moist grassland which is not 
structured by wood patches. If motorways, forests or other unsuitable land­
scape elements subdivide the area, the remaining partial habitats can be too 
small and the species disappears. An enrichment of the agricultural land­
scape by hedgerows and coppices can also be unfavorable for other species, 
such as the Great Bustard (Otis tarda). 

The "minimum area" characterizes the size ofthe area (habitat) which an 
organism needs for survival. Generally, we must distinguish between the 
minimum area of an individual, a population and the total species (Heyde­
mann 1981). The last contains, as a rule, several populations in a number of 
biotopes of one biotope type. Only if these populations are in contact, there 
genetic exchange, ecological adaptation to varying environmental conditions 
and thus a good chance for long-term survival can be realized (see the con­
cept of metapopulation above). 

The lack ofreliable data concerning minimum areas (and other ecological 
demands) for most species is a shortcoming ofthis concept. 

Many animal species need a pattern of different biotopes, so-called bio­
tope-complexes (see Chapter 3.2.8) The chance of achieving a description, 
of the demands of our native species on the size and structure of their habi­
tats, is small (B lab 1992). Existing data concerning minimum areas (Tables 
2.8-2 and 2.8-3) is rule ofthumb. It is better to consider such data than work­
ing without data at all. 

Table 2.8-2. Minimal areas 0/ animal populations ([rom Heydemann 1981) 

group of animals 

microfauna, soil (up to 0.3 mm) 
meso fauna, soil (0.3-1 mm) 
macrofauna A (invertebrates, 1-10 mm) 
macrofauna B (invertebrates, 10-50 mm) 

sessil spieces 
species (active movement on land) 
species (active movement through air) 

megafauna A 
small mammals 
reptiles 
sm all birds 

megafauna B: big mammals and birds 

minimal area 

< 1 ha 
1-5 ha 
5-10 ha 

5-10 ha 
10-20 ha 
50-100 ha 

10-20 ha 
20-100 ha 
20-100 ha 
100-10,000 ha 
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Table 2.8-3: Minimal areas, maximal distances and critical sizes ojpopulations (according 10 

Heydemann 1981, Jedicke 1994, Mader 1981, Reichholf 1987, von Haaren 1993) 

E - minimal area of the ecosystem or biotope type; S - minimal area of a brood pair or a single individual; 
PZ - necessary population size; MP - minimal area of a population; DU - maximal distance between 
partial habitats; MDP - maximal distance between minimal areas ofpopulations; BP - brood pair 

biotope tY[le,animal s[lecies E S PZ MP DH MDP 
standing waters (ponds) 10m2 -Iha some 
amphibians 100 100m 100m 2 - 3 km 
oligotrophie lakes 100 ha 
running waters 5 - 10 km 
kingfisher, gray wagtail , 5-10 km 5km 5 km 
dipper, fishes 
riverside strips 5 - 10 m 

moist grassland 10 ha 
curlew 25 ha 10BP 250 ha 2 km 10-30 km 
white stork 200 ha 30 BP 10 km 
snipe I ha 10BP 10 ha 2 km 10-30 km 
butterflies I ha 100m 2-3 km 
grasshoppers I ha 100 m 1-2 km 
grass frog 200 ha 
field margins 5 - 8 ha breadth: 

20 - 30 m (fauna), ca. 3 m (flora) 

dry meadows 3 ha 3 ha 100m 1 - 3 km 
many butterflies, field-
cricket, bumble bee 50 ha 

gravel and sand pits 
sand martin, lizard I ha 1-3 km 

hedges 5- 10 m 10 BP 10km 
10-80m/ha 

small birds 100-200m 5 -10 km 
herbaceous edges I-2m broad 

woods 
small birds 5 - 10 ha 100-200m 5 - 10 km 
forest biotopes > 10 ha* 
common viper 1000 ha 5 km 
roe-deer 7 - 15 ha 
spiders 10 ha 
carabid beetles 2 - 3 ha 
snails 0.05 ha 
small mammals 10-20 ha 
black woodpecker, > 200 ha 

tawny owl 
medium-sized birds 1000 ha 5 - 10 km 
capercaillie 5000 ha 
old wood plots 1-3 ha 
forest's edges (breadth) > 10m 
herb edges at forests > 10m 

moors, heaths 100 ha 
* fo r the long-term survival of forest species and communities at least 500 ha are necessary 
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The fact that with increasing area an increasing number of species is usu­
ally present has been explained in three ways. Firstly, a larger area of rem­
nant habitat contains a greater "sampie" of the original habitat. Secondly, 
more species are able to maintain viable populations than in a smaller area. 
Thirdly, with increasing area there is usually a greater diversity of habitats 
for animals to occupy. In addition to area and diversity of habitats, however, 
other factors such as the spatial and temporal isolation of the remnant, and 
the degree of disturbance, also influence the number of species that are pre­
sent (Bennett 1990). 

The relationship between the area of a habitat and the number of species 
can be described by species-area curves: i.e. a logarithmic curve which rises 
at first steeply then becomes flat and finally approaches the maximum as­
ymptotically. 

The species-area curve can be presented in a simple logarithmic manner: 
y = b * Igx + a, e.g. by Cieslak (1985) for the number of bird species in 
woodlots in Poland, or by Vizyova (1985) for urban woodlots as islands for 
land vertebrates in Slovakia; or in a double-Iogarithmic form: 19y = d * 19y + 
19c or Iny = d * Inx + Inc, e.g. Opdam et al. (1984) in isolation studies on 
woodland birds in the Netherlands. 

Y 
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5 
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Figure 2.8-2: Dependence of breeding bird species number on forest island area in ruderal 
landscape near Moritzburg 1986 ([rom Bastian 1990) 

Both models were applied in a case study in the Moritzburg small hilly 
area (Saxony, Germany). The test area is predominantly in agricultural use, 
mainly the dry, stony hills are covered by forest islands. A statistically 
founded dependence of the number of breeding bird species on the size of 
these woodlots could be proved (Bastian et al. 1989, Bastian 1990, Figure 
2.8-2). It also could be established that the forest type, tree species, the pres-
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ence or absence of a shrub layer within the woods and of the land cover in 
the neighborhood influences this dependency. 

2.8.4 Connectivity and biotope networks 

Dealing with the interactions among landscape elements the concepts of 
connectedness and connectivity have emerged. These concepts are useful in 
landscape theory as weil as in design and management of landscape systems 
(e.g. Barr and Petite 2001). Connectivity and connectedness are two attrib­
utes of heterogeneous landscapes. 

Connectedness is the degree of physical connection between patches 
(landscape elements). It is a structural attribute of alandscape and can be 
mapped. Connectedness is described in terms of patch size, distances be­
tween patches of the same type, presence of corridors (e.g. heclgerows, ripar­
ian strips, road margins etc.), frequency of various types of hedgerow inter­
sections and mesh size of hedgerow networks (Baudry and Merriam 1988). 

Connectivity is definecl as "a parameter of the interconnection of func­
tionally related elements of alandscape so that species can move among 
them" (Merriam 1984, see Chapter 2.3.6). In contrast to connectedness, con­
nectivity is a more functional parameter. It is a measure of the ability of a 
species to move between two habitats. The functional connectivity of a cor­
ridor does not depend only on its spatial continuity, but also on factors such 
as life history, population features and behavior of the species utilizing the 
corridor, the scale of the species movement, its response to the width and the 
quality of habitat in the corridor. Chance can be important, too . According to 
Baudry and Merriam (1988) this concept can also encompass other processes 
such as sub-units of nutrient pools interconnected by fluxes into alandscape 
nutrient pool. 

There are different types of connectedness/connectivity (Heydemann 
1986): 

a) direct contacts within one or between different species: 
- organisms within one population of a species, 
- between different populations ofthe same species in different habi-

tats, 
between different species in the same habitat (e.g. food chains), 
between different species in different habitats (also foocl chains). 

b) direct contacts (connectedness) between ecosystems (biotopes): 
partly isolated biotopes ofthe same type, 

- ecosystems of a succession chain (e.g. reed - moist tall herbaceous 
vegetation - swamp forest), 
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related ecosystems, e.g. semiarid grassland and dry heath, arable land 
and field margin, 
ecosystems with low relationship, e.g. arable field and hedgerow, 
rivulet and shrubs on valley slopes. 

c) indirect contacts between ecosystems (biotopes): 
- ecosystems separated by barriers e.g. two partial habitats of birds 

which are separated by a river. 

Landscapes with high connectivity can increase the survival probability 
of isolated populations. However, according to Zonneveld (1995) one should 
be aware that the main law of ecology, "not too much, not too little, just 
enough", is held to be true also for connectivity. So a metapopulation may 
benefit by high connectivity and become a strong competitor. 

Many authors stress the importance of corridors between habitats and 
nature reserves for facilitating gene flow and dispersal of individuals. This 
can decrease the rate of extinction of semi-isolated groups, increase the ef­
fective size ofthe populations, and increase the recolonization rate of extinct 
patches (Soule and Simberloff 1986). 

There is, however, little evidence that animals use structured corridors 
such as hedgerows and fences. The same is true for many plants that for dis­
persion, germination and growth need soil conditions that cannot be assured 
by a narrow belt of vegetation (Farina 1998). Some species are enhanced by 
linear elements that act as corridors, some are stopped by the same elements 
that act as barriers, and some react at such a scale that they do not perceive 
these elements, either because they are too small and do not move, or be­
cause they are highly mobile. Even if studied populations use corridors, the 
corridor efficiency is not universal. Vegetation structure (herb, shrub and 
tree layer), corridor width, edge structure, even species composition, are im­
portant. The presence of corridors does not necessarily ensure species 
movement, due to the poor corridor quality (a species dependent parameter) 
or poor species mobility. More field research and modeling is needed in or­
der to provide more detailed advice to planners and managers. Migration can 
lead to destabilization and extinction if newly established populations have 
an effect of a sink, and individuals are "sucked away" from the remnant 
populations. Corridors may be harmful for a species, because individuals 
concentrate on this route and attract predators. Last, but not least, corridors 
my also enhance the movement of pests or diseases across alandscape. 

MacArthur and Wilson (1967) emphasized the potential importance of 
small islands as stepping stones between large islands or mainland islands. 

Many of the objectives of nature conservation and amenity planning can 
be realized by developing ecological networlis and greenways. Acceptance 
of this idea among national, regional and local govemments is growing in 
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both Europe and the USA (Ahern 1999, Arts et al. 1995, Jongman 1995, see 
Chapter 7.7.5). 

For example, the concept of Territorial System of Landscape Ecologi­
cal Stability (TSLES) was developed in the former Czechoslovakia (Bucek 
and Lacina 1985, Doms et al. 1995). It is applied to spatial planning there, 
and in other countries, such as Mexico (Kremsa 1999). TSLES is built by a 
network of ecologically important landscape segments purposefully located 
according to functional and spatial criteria. Such landscape segments (linear 
communities, elements, districts and regions) have a higher inner stability 
and are judged according to their biogeographie importance based on evalu­
ating representative and unique naturallandscape phenomena (local, re­
gional, supraregional, provineial and biospherie). The most important parts 
of TSLES are biocenters: both, representative (typical ecosystems of a eer­
tain eeological or biogeographie unit) and unique (special eeosystems origi­
nating due to specifie eeotope properties or speeifie human influences). Bio­
logieal centers are conneeted by bioeorridors, enable flow of energy, matter 
and information. Buffer zones are supposed to prevent negative human in­
fluences. 

2.8.5 Edge biotopes 

Eeotones (see Chapters 2.3.2 and 2.5) are often eharaeterized by a eatena 
of) different environmental respeetively site eonditions, and by special spe­
eies eombinations of plants (Table 2.8-4) and animals. These ecologieal 
eonditions often lead to an above average riehness in species. This phe­
nomenon is called an edge-effect. 

Table 2.8-4: Landscape elements with edge character and selected specijic vegetation units 

landseape elements 
sea eoasts 

margins / shores at standing waters 

way- and roadsides 

forest edges 

vegetation units 
Salicornia eoastal flat-eommunities 
shore dune·eommunities 
Phragmites- and Glyceria-rt:eds 
willow-riparian woods and shrubs 
alder swamps 
bur-marigold (Bidens)-riparian edges 
Petasites-riparian eommunities 
Littorella-eommunities 
moist and fresh meadow edges 
roeket- and oraehe-communities 
tansy- and mugwort-eommunities 
shrub-eommunities 
hawthorn-sloe-hedges 
stinging nettle-ground elder-eommunities 
thermophilie herbaeeous eommunities 
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The quality of edge zones is markedly different from interior zones, es­
pecially with regard to microclimatic parameters and consequently vegeta­
tion structure. These differences in habitat quality have strong influence on 
the species richness and composition (Mader 1980, Ringler 1981). Classical 
edge biotopes are field margins, banks, railroad embankments, but espe­
cially hedgerows and the edges of woods. The last represent a contact zone 
between the dark, cool and moist forest interior to the warmer, drier and 
windier open area. 

The width of an edge depends on the species considered, the angle of in­
solation (Iatitude) and the main wind direction. The relation between edge 
and core zone is determined by the size and the shape of a biotope: smaller 
biotopes have almost totally the character of an edge, compact biotopes have 
a larger core zone than long biotopes (Forman 1981). For Mader (1980) a 
decrease in the diameter of a forest below 80 m means that the whole forest 
consists basically of edge habitat. This lack of forest core area changes the 
species composition noticeably. 

In a further case study in the already mentioned Moritzburg small hili 
landscape (Bastian 1990) a species inventory of vascular plants was carried 
out in 48 woodlots (0.012 up to 8.5 ha size). A total of 191 species were 
found. The share oftypical forest species grew with the size ofwoodlots (y = 

9.91gx - 6.7). The number of species was related to the size of the woodlots 
(y = 29.31gx - 50.1). Compared with their sm all size, shrub habitats and 
hedgerows (Crataego-Prunion spinosae) are very rich in species. In to­
tal,II0 species (58%) were registered only in the edge zones, 18 (9%) only 
in the interior, and 63 (33%) both in the edge and the interior. 
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Landscape analysis, synthesis, and diagnosis 

O. Bastian, R. Glawion, D. Haase & G. Haase, H.-J. Klink, U. Steinhardt, 
M. Volk 

3.1 Approaches and methods of landscape diagIllosis 

3.1.1 Introduction 

The current land use processes and land use changes in the last centuries 
make it necessary for all natural, socio-economic and cultural conditions to 
be carefully considered in the socio-economically dominated processes of 
landscape management and planning. The socially necessary benefit-cost 
ratio of securing natural processes of regulation in physical regions, espe­
cially for both simple and extended reproduction of natural conditions, is 
increasingly becoming a driving force in the determination of the economic 
and social effectiveness of land use. 

Extensive and intensive use of processes, functions and characteristics of 
the physical or natural resources can be accomplished without major distur­
bances only if the utilization requirements and the existing natural equip­
ment develop proportionally to each other. These proportions are results of, 
on the one hand, active technical and natural principles (properties of natu­
ral-technical geo-ecosystems) and on the other hand, the socio-economic 
conditions and requirements under which the activities of society are taking 
place in landscapes, respectively (including urbanized areas). 

3.1.2 The social requirements of landscape utilization 

A major obstacle to interpreting the results of landscape inventory with 
respect to utilization requirements is an inadequate theoretical and methodo-
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logical basis. Neef (1969) referred to the combination of scientific explora­
tion results and measurements with technical and economic parameters. He 
proposed the transformation of geo-synergetic and ecological parameters 
into economic and social indices. Hence he introduced the term transforma­
tion problem (see Chapter 5.3, Figure 3.1-1). 

Figure 3.1-1: The transformation of ecological parameters into economic and social indices 
is one of the centrat problems in the field of landscape research: Cultural landscape in the 
temperate Iropics - Vifiales (Cuba) (Photo : 0. Bastian 1993) 

Aprerequisite for a socially (and economicaIly) precise formulation of 
landscape management requirements is a multi-part logical chain of relations 
between landscape inventory and the application of its results to natural re­
sources-oriented planning. According to Graf (1984) the following factors 
will serve as links: 

criteria for landscape utilization, that have to be fixed by planning au­
thorities and law enforcement agencies (local/regional/national authori­
ti es and stakeholders) and that can be measured with respect to social ef­
fectiveness and/or economy-related efficiencies (costs), 

- criteria-related interpretation of exploration results by means of land­
scape inventory and (digital) landscape mapping. 

The relations between landscape exploration and evaluation and the deci­
sions conceming their utilization have been superposed or even interrupted 
by other decision criteria. These are the utilization of areas in connection 
with a further division of labor and with a combination of the social repro­
duction process as weil as financial considerations dictated by the economic 
utilization of fixed assets funds. Sometimes, this is connected with political 
transitions as weIl (e.g. Eastem and Central East Europe after 1990). 
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Hence it is obvious that the social and/or economic requirj~ments of a di-
agnostic and prognostic landscape evaluation have to be derived from 

normative target formulations for effectiveness ofthe specific utilization 
form, especially for mesoscale analysis (chorological dimension), 
the respective regional utilization structure (represented in land use sce­
narios, Meyer et al. 2000), and 
the landscape capacities and potentials themselves (Figures 3.1-2 and 
3.1-3, see Chapter 5.2). 

Figure 3.1-2: Landscape fimctions representing the satisfllction ofsocio-economic benejits by 
the natural environment 

Figure 3.1-3: Functions and 
potentials of the natural envi­
ronment together determining 
the carrying capacity of the 
landscape (after Zepp 1994 
(Klink after Zepp 1994) 
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The land use efficieney expressing the totality of regional eorrelation be­
tween nature and society is governed, at least theoretieally, by the whole 
amount of soeio-eeonomie needs that ean be satisfied with the aid of the 
eonsidered area and its natural potential. This whole amount of social needs 
and functions is, however, extremely difficult to ascertain. The various needs 
eannot be determined direetly or eompared by a uniform measure. The de­
gree of multiple utilization with all its seeondary, eumulative, and side ef­
feets is hard to determine. Moreover, the different social costs eorresponding 
to the particular effieieney and to local relations of individual land use units 
have to be alloeated or apportioned for the various forms of land use and, 
finally, for the different seales (Steinhardt and Volk 1999). Therefore it is 
evident that eeonomie criteria have to be supplemented by social as weil as 
eeologieal evaluation measures. This way of landscape diagnosis leads to 
multifunctional approaches (Brandt et al. 2000). 

Thus it is necessary to consider the following relationship in detail: 
Landscape is not improved or changed as a whole, but primarily through the 
utilization of individual parts (e.g. field plots, landscape elements or eom­
partments) or functions (e.g. production, retention, information) demarcated 
by different users. Consequently, all criteria required for maintaining multi­
functionality of alandscape have to be taken into consideration. Any inter­
vention in the overall natural and land use structure has to consider land­
scape as an entity (see Chapter 1.3). At the same time a historical perspec­
tive of the landscape marked by major shifts in the time and/or space is nec­
essary. 

Geo-scientists and experts of related disciplines attempted to explain and 
illustrate so me approaches to determine the social functions guided by nor­
mative regulations. It is pertinent to mention some literature published in 
the former German Demoeratic Republic (Haase et al. 1991): 

methodological fundamentals of the structural, functional, and interfer­
ence analysis of landscape as weil as the multiple-step analysis of the 
economic and non-economic evaluation of interactions between society 
and nature, 
charaeterization of the development stages of a region due to the social 
utilization of nature and its consequences (see Chapter 4.1), 

- derivation and interpretation ofthe natural potential as a basis for an as­
sessment ofthe resourees' structure in a region (see Chapter 5.2), 

- determination ofthe stability, resilience, and carrying capacity as parts of 
an intensively used landscape (see Chapter 5.1), 

- methods oftransferring landscape inventory and survey results into land­
scape planning and control of economie branches using the landscape 
(agriculture, forestry, water resources management, sewage and refuse 
disposal services, building industry) (see Chapter 7.3), 
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- methods ofthe multi-functional assessment oflandscape benefits, suit­
ability, and resilience by an optimization approach (see Chapter 5.4). 
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Based on these facts it is obvious to start alandscape analysis from one 
ofthe following two premises: 

1. Dealing with problems associated with resources available to society a 
landscape approach is essential. The major focus has to be on the land­
scape capacity and its limiting conditions and risk factors. 

2. Dealing with problems associated with resources available to society a 
reproduction-area approach is essential. It has to start from the actual 
land use and has to inc1ude the potential abilities and incompatibilities. 

A detailed description of the landscape's functions in the process of social 
reproduction is aprerequisite to any attempt inc1uding the actual state of 
landscape. Literature offers several approaches, some of which should be 
mentioned as typical examples (see Chapter 5.2): 

- It is in the sense of alandscape approach that Preobrazenskij (1980, 
1981) proceeds from the natural functions of alandscape, cletermining 
their importance for the process of social reproduction. Haber (1979b) 
applies the results of bio-ecological research to discriminate between 
productive and protective ecosystems corresponding to two different be­
havior patterns of society, referred as "strategy ofutilization" . 

- Using the reproduction-region approach, Niemann (1977) characterizes 
the social functions of landscape elements and units starting from four 
functional groups (production functions, environmental functions, hu­
man-ecological functions, ethic and aesthetic functions). 

- A similar breakdown ofthe social functions and, consequently, ofthe 
social requirements of landscapes is presented by van der Maarel and 
Dauvellier (1978) in the well-known "Globaal Ekologisch Model" of the 
Netherlands. Like Niemann (1977) the authors further subdivide the men­
tioned functional groups to visualize relations between social require­
ments, landscape structure or natural conditions (see Chapter 5.2). 

- Another approach was chosen by Grabaum et a!. (1999) using a multicri­
teria optimization considering compromises between the different land 
uses and landscape functions (Meyer et a!. 2000, see Chapter 5.4). 

3.1.3 Principles of landscape diagnosis on the basis of ecological data 

Over the last few years, landscape research resulted in the development 
of an essentially coherent, highly consistent concept of lanc\scape analysis, 
diagnosis and management (Haase 1991, 1999, Figure 3.1-4). 
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Landscape analysis can be c1assified as the first step in this scherne. It 
results in a scientific landscape inventory with respect to its natural, use­
related, and dynamic characteristics. Based upon these results, landscape 
diagnosis has to determine the "capability" or "capacity" of alandscape to 
meet various social and economic requirements and to define limiting or 
standard values. Landscape diagnosis lays the foundations for measures 
taken to improve, to change, and protect landscapes as a whole or some of 
their components. Depending upon particular social objectives to be 
achieved, four fields of activity can be distinguished: 

landscape planning (preparation and territorial integration as weil as 
seeuring of suitable measures, see Chapter 7.3), 

- landscape preservation (conservation and stabilization ofnatural condi­
tions, structures and species, see Chapter 7.7), 

- landscape controVmonitoring (socially necessary or desirable control of 
landscape processes, Brandt 2000b, Haase 2000, see Chapter 4.2), and 
landscape management (land use strategies). 

landscape analysis 

landscape diagnosfs 
(!andscape assessment 1) 

Figure 3.1-4: Interrelations and connections between landscape analysis, diagnosis and land­
scape management (Haase 1991) 
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The following four-phase approach based on a detailed landscape analy­
sis is the methodological base oflandscape diagnosis: 

1. Analysis of the social functions of landseape eonsidering also future 
land use types. 

2. Evaluation of geo- and bio-ecologicallandscape characteristics (de­
termined by laws of nature) with respect to socio-eeonomic requirements 
and functions. 

3. Analysis oflandscape interactions including secondary and remote ef­
feets as weil as limitations triggered by past, present and proposed land 
use forms. 

4. Social evaluation of present and proposed land use forms referring to 
land use eonflicts and preparing solution strategies. 

This multi-phase approach can be considered as a general model for 
landseape diagnosis and derivation of prognostie data (Figure 3.1-5). The 
first phase of landscape diagnosis has already been diseussed at the begin­
ning of this chapter and will be explained in Chapter 5.2 more eomprehen­
sively. The seeond phase is based upon a scientific analysis of the spatial 
struetures and the temporal behavior of landseape objects. The third phase 
requires a connection of seientific information with statements about current 
and future social utilization. Referring to these criteria as structural diversity, 
duration and temporal sequence or succession of land use, social expendi­
tures for the reproduction of natural systems, and substitution of substances 
and processes in the framework of social reproduction ean be used. 

Figure 3./- 5: Sca/es and methods for landscape diagnosis 

Difficulties are frequently encountered in this particular step: Natural sci­
entists fear of a loss of accuracy and quantitative details. The transformation 
of geo- and bio-ecologieal data does not naturally result in scientifie accu­
racy. The connection of these parameters with those of socially determined 
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processes enables information obtained at a more complex level of reality. 
The more complex and complicated the subject being dealt with, the larger 
the number of generalized "macro-parameters", transformation functions, 
tolerance ranges, probabilities, etc. to be used for the resolution. Up to now 
this problem has not been solved successfully with the exception of some 
pedotransfer functions with respect to the scale problem (Steinhardt and 
Volk 1999). 

The comparison of scientific data with socially determined standard 
va lues connects causal-analytic and functional-analytic data obtained from 
the two previously discussed phases of landscape diagnosis with the fourth 
phase of landscape diagnosis. 

There is the demand to translate the scientific data and content in the lan­
guage of stakeholders and policy goals. At the moment landscape models in 
form of DPSIR (Driving forces - Pressures - State - Impact - Response) are 
discussed (Brandt 2000b). 

The multistage character of landscape diagnosis can be summarized: 

1. Scientific and technological characterization of landscape objects and 
processes (scientific and technological stage of landscape diagnosis). 

2. Arrangement of landscape objects and processes into the fulfillment of 
social functions (social and function stage at the regional level). 

3. Formulation or verification of standards and norms for use of information 
in the management and planning of the national or regional economy 
(normative stage). 

3.1.4 Aspects of landscape diagnosis and methodological approaches 

In determining landscape capacities with respect to social requirements, 
landscape diagnosis relies on a relatively wide spectrum of cause-effect rela­
tions between the natural system and its forms of social utilization (Figure 
3.1-1 ). 

With respect to the use of natural resources two aspects which are fre­
quently compared with each other in an opposite relationship have to be em­
phasized: the resources-related approach to the efficieney of the natural con­
ditions as weil as the matter and energetic approach to the resilience and 
carrying capacity of natural conditions under certain forms of utilization 
(see Chapter 5.1). An approach is needed that unifies these two aspects. 

Each of the aspects of landscape diagnosis can be described by specific 
properties that can be determined by a number of proven methods and attrib­
utes: 

1. Characterizing the efficiency of natural eonditions through 
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- determination of properties of the partial potentials and of the natural 
resourees for landseape objeets, 

- properties ofthe natural "milieu", espeeially with respect to the values 
of human-eeologieal environment and reereation eapability of land­
scape objeets, and 

- determination of natural risks (hazards, disturbanee faetors) in certain 
forms of utilization for landseape objeets and natural processes. 

2. Characterizing the loading and carrying capacities through 
- degrees of stress and levels of loading eapacity, retention time inter­

vals relative to eertain forms of utilization, for landscape objeets and 
natural processes, 

- carrying capacity (e.g. acid neutralization capacity (ANC), water car­
rying capacity, soil density) and limits of carrying capacity, relative to 
certain land use forms, for landscape objeets and natural processes, 
and 

- characteristics of persistence and sensitivity of landscape objects and 
natural processes toward certain forms of utilization (modified carry­
ing capacities). 

3. Characterizing the utilization suitability (Figure 3.1-6) through 
- degrees of functional efficiency and performance of landscape ob­

jects, 
- multiple functions of landscape objects (scales of functions, combina­

tions of eharacteristic features in a multidimensional space), 
- suitability preferenees of landscape objects for different social and 

economic functions, and 
connection with the history of human activities in a region to deter­
mine the development of the culturallandscape and to widen the 
knowledge about the time-relationship of landseapes processes. 

4. Characterization of availability (spatial disposability) through 
- features of neighborhood effects of pairs and patterns of landscape 

objects, 
- forms of multiple utilization and their functional modes for landscape 

objects, 
- gradations of difficulty in the manageability of land use forms in re­

spect of spatial effects of natural processes and neighborhood effects 
of particular forms of utilization of land. 

An expansion of the conventional scientific approach to parameter and 
attribute transformation is associated with the interpretation of the results of 
inventory and survey of physieal regions and landscape analysis. This is 
based on the proposed objectives to be tuned to the decision process on usu­
ally highly complex subjects, which are intended to be included. 
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Figure 3.1-6: Characterization 0/ the landscape's suitability /or utilization is a main issue in 
/andscape diagnosis. The pre/erable agricultura/ use 0/ moist lowlands is perennia/ grass­
land: Lowlands 0/ the Havel River with pruned wi//ows (Brandenburg, Germany) (Photo: 0. 
Bastian /998) 

At the current stage of modern landscape ecology as an applied science 
the following methodological approaches seem to be the core of managing 
the process of landscape diagnosis in a complex synthesis: 

- remote sensing as a tool for landscape evaluation (see Chapter 6.3), 
Geoinformation Systems (see Chapter 6.2), 

- methods determining the structural properties of landscapes or landscape 
pattern (see Chapter 6.2), 
theory of fuzzy sets or fuzzy logic and 

- modeling approaches to simulate landscape functioning depending on the 
different landscape components and processes (see Chapter 6.4). 

The solution of methodological problems in interpreting landscape struc­
tures has received strong impulses from operation research, system engineer­
ing, and economics of natural resources or landscape economics 
(Bechmann 1978). At present there are only initial approaches available to a 
consistent methodology. Participation in the development is among the ma­
jor tasks to be accomplished by landscape research in the next couple of 
years (see Chapter 7.12). 

3.2 Landscape analysis: investigation of geocomponents 

The high complexity of landscape structures and the interaction of eco­
logical processes means analysis has to be extremely thorough. The two 
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types of analysis used are differential analysis, wh ich addresses individual 
components of the ecosystem. On the one hand there are soil type, pH, soi! 
nutrient content, climatic data or the species composition of the vegetation 
(Haase 1964), and on the other hand complex site analysis, which is con­
ducted at a higher, integrated level, and chiefly focuses on the vertical inter­
relations between the various geocomponents (see Chapter 3.4). Complex 
site analysis can usually only be carried out after differential analysis. A 
number of important techniques of differential analysis are outlined below 
(for more details see Barsch et al. 2000, Bastian and Schreiber 1999, Leser 
and Klink 1988, Zepp and Müller 1999). 

3.2.1 Geological structure 

The rock structure of alandscape in connection with the surface forms 
grants insights into the division into natural areas, above all on a medium 
scale (i.e. chores). Nevertheless, geoecological investigations do not focus 
primarily on exploring the geological structure and the rock types. The rock 
is usually an ecologically indirect geofactor. It affects the nutrient and water 
balance of the soils emerging from it, has a certain water conductance, and 
resists the forces of erosion depending on its type - a property which is 
known as the erosion resistance ofthe rock or soil (see Chapter 5.2). 

Knowledge of certain rock properties is essential in order to conc\ude 
ecological characteristics. The primary factors are mineral composition and 
structure. Both have an influence - in connection with rock weathering - on 
the soil forming, its composition, partic\e structure, and hence water balance. 
The structure inc\udes characteristics such as the stratification, form, size 
and crystallization of the minerals, as weil as texture (i .e. their arrangement 
and distribution in space). This is not the place for a detailed examination of 
rock characteristics and their influence on local ecological conditions. How­
ever, Table 3.2-1 lists some of the important ecologically relevant character­
istics of the most frequent groups of rocks. 

The main sources of data are small-scale, complex geological maps and 
their explanations, such as special geological maps on a scale of 1 :25,000. 
They show the rock which is on the earth's surface, and wh ich hence mainly 
influences ecological conditions. By contrast, horizon maps show the under­
ground rocks, for instance geological formations located beneath loose 
sediment or weathering cover. Other maps which can be used as sources of 
data include thematic geological maps, hydrogeological and engineering­
geological maps, tectonic maps and lithofacies maps. Cross-sections and 
block diagrams provide information about the characteristics of the vertical 
geological structure. 
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Table 3.2-1: Characteristics ojimportant rock groups (after Räder, in Bastian and Schreiber 
1999) (1 - very high, 2- high, 3 - moderate, 4 - /ow, 5 - very low) 

rock types potential potential building ground resistance to 
nutrient ground water aptitude (stable- soil erosion 
supEly content ness) {b~ water) 

sediments 
clay 1-2 5 4-5 4-5 
silt 2 4 3 4-5 
sand 3-4 2 2-3 3-4 
gravel 4 2 3 
fens 4 5 
scdimentary rocks 
evaporites 5 5 4-5 5 
carbonate rocks 1-2 1-2 2-3 3-4 
arcoses, graywackes 2-3 2-3 2 2-3 
sandstones 3-4 2 2 2-3 
magmatic rocks 
acid 3-4 4-5 
intermediate 2-3 4-5 1-2 
basic, ultra basic 4-5 1-2 2 
metamorphic rocks 
quarzitic rocks 3-4 4-5 1 
phyllites 2 4 2-3 3-4 
mica slates 2-3 4 1-2 3 
gneiss 3 4 I 2-3 
hornfels 3 4-5 

3.2.2 Relief 

The relief forms the basis of a landseape's strueture. The more pro­
nouneed the relief, the more struetured and henee divided the landseape, in­
cluding in eeological terms. Nevertheless, relief is only an eeologieally indi­
reet faetor - in other words a regulating factor (Figure 3.2-1); its influenee 
takes effeet via the elimate, soil formation, and the water and nutrient sup­
ply. Relief influenees the air flow, affeets the temperatures and preeipitation, 
and also engenders terrain climates. The relief forms are linked to the entire 
water balance of alandscape. Through the factors mentioned, the relief regu­
lates the eomposition and distribution of biocoenosis and the possibilities of 
land usage. 

In order to fully survey the ecological regulatory effects of relief, the sur­
face form (geomorphography) has to be considered together with the under­
ground area just below the surface (Leser 1997) - after all , the form only 
becomes ecologieally effeetive in conjunetion with the subsurface ground 
(i.e. the soil including the weathering cover and the rock from which the soil 
developed). The eeologieal significance of the underlying rock mainly com-
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prises the type of water conductance and in the case of very flat soils its root­
ing. The subsurface ground hence determines soil formation, water balance 
and substance distribution. 

Figure 3.2-2 shows the connection between relief forms, spatial structure 
and geoecological processes. The relief affects the landscape balance via the 
underground just below the surface and the surface water connected to the 
relief by means of its position (erosion bases). Owing to its structure­
forming, process-regulating effect, all in aB relief plays a key role in eco­
systems. 

Figure 3. 2-1: The reliefis an important regulator ofthe landscape balance: Alpine landscape 
ofthe Dolomites (Southem Tyrol, [taly) (Photo: 0. Bastion 1998) 
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Figure 3.2-2: Geomorphographic characteristics as regulators ofthe landscape balance (af­
ter Leser 1997) 
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Relief analysis allows physiognomie features of the ecological differen­
tiation of the landscape to be quickly grasped, especially in the case of more 
pronounced surface forms. Geomorphographic division provides suitable 
openings for special geoecologieal investigations of soil forms, soil dynam­
ies, the soil-water balance, and the mesoclimate and mieroclimate. Assuming 
the right vegetation, the plant communities themselves are enough to provide 
an initial estimate of the ecological conditions of the site types connected to 
certain terrain forms. The first small-scale division into natural areas with 
landscape ecological aims was therefore geared towards relief (Paffen 1953, 
Troll 1950). 

Relief analysis for landscape ecological purposes starts off with a taxo­
nomie structure of relief areas of differing complexity. Important character­
istics include terrain incline, terrain curvature, exposure and position. They 
are joined by the roughness of surfaces caused by small forms of partly natu­
ral, partly anthropogenie genesis. Geomorphological units of varying com­
plexity can be deduced from these determining features. The smallest and 
simplest geomorphological unit is the relief facet (Dikau et al. 1999, Kugler 
1974). 

A number of relief facets (which often only slightly differ from one an­
other) make up a relief element. A relief element is based on a uniform cur­
vature tendency. More detailed features include slope incline, exposure and 
position, i.e. the position within relief formation. The delineation of relief 
elements is carried out by means of the areas of curvature. Another deter­
mining feature is the roughness of the terrain surface, which may be natural 
such as in the case of hummocky meadows (caused by frost dynamies), or a 
result of human activity such as field terraces, rock walls and arched farm­
land. Relief elements form the main geomorphologieal basie units in geoe­
cological spatial division and planning. 

The connection between adjacent relief element enables higher relief 
units to be determined, which can be differentiated and characterized in 
terms of their outline. Relief has a number of characteristic shapes (rounded 
hili tops, ridges, valleys, etc.) known as reliefforms (relief types). 

Relief complexes of differing degrees of aggregation are constitutive for 
larger natural areas. One important aspect with repercussions for internat 
differentiation is the degree of fragmentation (density and depth of valleys) 
as weil as - as in every case - area size. 

The land pattern of slope inclines and curvature offers important start­
ing-points for identifying physiotopes (geotopes) and ecotopes, especially in 
hilly areas (Figure 3.2-3). The close correspondence between relief elements 
and site qualities is due above all to the movement and distribution of soil 
water and the dissolved and solid substances it transports. Apart from the 
slope incline and curvature, it is also dependent on the underground just be-
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low the surface: the particle structure and any stratification of the soil types 
and the source rock, as weil as the geological underground, as long as it in­
fluences the water balance by means of rock density, stratification and cre­
vasse formation. This correspondence of relief elements and ecological site 
conditions was used for the delineation of geotopes on the basis of areas of 
curvature (Klink 1966, Paffen 1953, Troll 1950). 

Figure 3.2-3: Correlalion belween eurvalure and topographie eontour fines (isohypses): pro­
file curvalure radius (Ieft) and eontour eurvature radius with runoff directiol1 (righl) 

Another important geoecological process parameter connected with relief 
is radiation reception, upon which the formation of topoclimates depends. 
Radiation reception can be calculated by means of the slope incline and ex­
posure. Calculation for different angles of incline and slope exposure can for 
example be performed using the cumulative insolation values of Morgen 
(1957), who compiled this information for a latitude of 50° north. 

The mainly water-based material differentiation on slopes results in a 
regular sequence of different soil forms which is largely parallel with the 
slopes, and which are Iinked together by means of processes in a law-based 
relationship. In geologically uniform areas with certain relief, these soil se­
quences (toposequences) are repeated in typical pattern (Figure 3.2-4). As 
this relief-related differentiation ofthe soil also has ecological effects, Haase 
(1964, 1967) and Klink (1964, 1966) wrote of "ecological catenas", follow­
ing on from the "catena" used in soil science by Milne (1935) and VageIer 
(1955) (see Chapter 2.6). 

One particular problem of geoecological surveys are the small individ­
ual forms in which internal ecological differentiation is no longer relevant to 
landscape ecology, such as closed hollow forms (dolines, potholes), alluvial 
cones and slope failure. They are regarded as independent geotopes and 
ecotopes, and are mapped as such. Special surveys during landscape eco­
logical analyses and surveys also require surveys of ecologically relevant 
morphological processes such as slope failure, debris movements, erosion 
and accumulation, material movements in dune areas, and fracture edges. 
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Bastian and Schreiber (I999), Leser and Klink (I988), Zepp and Müller 
(1999) describe the survey techniques for the relief within landscape eco­
logical analysis in great detail. Proposals for symbols independent of land­
scape types are also contained in the publications by Leser (1988) and Dikau 
et al. (1999). 

The slope incline can provide information concerning promoting or lim­
iting factors for the respective potential characteristics for not only ground­
water formation, slope interflow, soil erosion, and cold-air formation and 
outflow, but also for agriculture and forestry (Hütter 1996, Mannsfeld 1978). 

sw 

Beechwood 

on acid soil 

Luzulo-Fagertum 
typicum 

9 Fagus sylvatica 

<? Querus petrea 

Q Seluta pubescens 

Q Carpinus betulus 

$ Fraxinus excelsior 

cP Ainus glutinosa 

V Acer pseudoptatanus 

Submontane 
dry oak • beechwood 

III 

Beechwood on acid soils with 
vasying ground layer 

IV 

I I Moist oak-horn- I Riverside alder-

I I !if;~:;:s I ash-wood 
I Luzulo-Quercetum petreae I I I I NE I I I I I 
I I Luzulo-Fagetum I I 

Paleozoic schists 
and sands tones 

Ah 

Ifestucetosum I typicum I I 
I dryopteride- I I 
I tosum I I 

I I I 

I Stellario- I 
I Carpinetum I 

//000 
/,-/ 00 

//I::l r.:::, 
o 

I ! Caiei remotae-
I I Fraxinetum 

Different periQlaCi:r­
strata 

Ah 

I I 
I 

Ah 

I - I V Different ecological units 
(ecolopes) 

~~" 
c 

;~ I:: '"'' t e) p.i~ c~ 
il~U g~ I'" ~"m 

llT ~l °0 Go 

filII Bv 
Gr 

C 

Ranker podsolic mesotrophic Luvisol Gleysol 
Cambisol Cambisol 

Figure 3.2-4: Typical ecotogicat catena of a hill from the tower part of the Hercynian Up­

lands (relief sequence) 

A mapping technique involving relief forms (form types) developed by 
Haase (1961) for landscape ecological purposes also enables a picture of the 
distribution of hollow, full and slope form types to be produced relatively 
quickly. The form types are surveyed using weIl reproducible criteria such as 
length, breadth, height difference, gradient and deepening. This relief analy­
sis results in a geomorphographic map, usually on a scale of 1: 1 0,000. The 
units of area surveyed from a geomorphographic-ecological viewpoint pro­
vide a basis not only for aspects of landscape planning and space use, but 
also for the assessment of geoecological processes such as groundwater for­
mation, soil erosion, cold-air development and outflow, as weIl as insolation. 
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3.2.3 Soil 

The soil, a more or less thick layer covering loose and consolidated rock, 
forms the most important zone of material turnover of terrestrial ecosys­
tems. It was identified earlier on as an integral feature of a site's ecological 
conditions and described by Neef et al. (1961) alongside the vegetation and 
together with the soil water balance as the main ecological feature. This im­
portance applies to the soil's role in the spatial differentiation of landscape 
ecological conditions (incJuding anthropogenie influences), which is ex­
pressed in the spatial mosaic ofvarious soils (pedotope). 

By definition, soil is the conversion product of mineral and organic sub­
stances mixed with water, air and organisms, wh ich has developed under the 
influence of environmental conditions, which continues to develop over the 
course of time, and which has its own morphological organization. The soil­
forming factors are the source rock, the cJimate, the local water balance, the 
relief conditions, life forms (especially soil organisms and plants), and hu­
man treatment. The essence of soil formation consists in converting almost 
chemically inert substances (primary minerals, dead organic matter) into 
chemically highly reactive substances (secondary cJay minerals and humus 
substances). Owing to mainly water-bound substance differentiation, over 
time soil horizons form which together make up the soil profile. This is of 
great diagnostic importance for landscape ecology. 

However, as soils only react slowly to changes in environmental influ­
ences, soil profiles partly reflect past landscape states. This makes them 
helpful for research into landscape genesis and cultural history, but also lim­
its their usefulness regarding the current state ofthe landscape. 

Soils perform a number of important landscape functions (see Chapter 
5.2) and are therefore an important natural asset which needs to be protected. 
For example, soil is a habitat for the organisms which live in it. These organ­
isms make an important contribution to ecosystem substance turnover (a 
process known as "biotransformation"). In addition to giving stability to 
plants whose roots it holds firm, soil also gives plants water, air and nutrients 
(site function). Owing to their sorbing components, soils contain and convert 
substances; indeed, the majority of substance turnover in the landscape takes 
place in the soil cover. This results in the production of plant-available sub­
stances while pollutants are broken down (transformation function) . Owing 
to its filtering abilities, the soil is an important substance reservoir (filter and 
reservoir function) . However, not only nutrients but also toxic substances are 
stored in the soil. 

The ability to store substances and hence - at least temporarily - to re­
move them from the substance cycle is more pronounced in most soils than 
in the environmental media (landscape components) water and air. Accord-
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ing to Schwertmann (1973), the soil is the "substance buffer" of the land­
scape. The storage and buffer functions are of importance for nearly all soil 
functions, especially groundwater formation, whose quality largely depends 
on the passage through the soil of leachate. For example, both heavy metals 
and toxic organic substances are absorbed by the soil, the latter being partly 
biologically converted and broken down (biotransformation). However, 
buffering chiefly means keeping the acid-based ratio in the soil constant. 
Nutrient availability and the mobilization of fixed heavy metals as weil as 
important soil processes all depend on the acid-base ratio (pH). 

The landscape compartment soil is connected to other compartments (wa­
ter, relief, organisms, the atmosphere) by the transport of water, matter and 
energy. This is mainly why it so useful as a source of information. Particu­
larly close is the relationship of soil with water (soil water, leachate and 
groundwater) and organisms, with which it is linked by means of nutrient 
webs. The soils in alandscape area are subjected to mutual influence by 
means of lateral substance and energy fluxes. This is expressed in catenas 
(toposequences and hydrosequences) and soil communities, which are also 
used as mapping units. The following primary soil characteristics can be 
gauged in the field and the laboratory by standard methods of soil analysis: 

- soil form, 
- soil structure, 
- soil texture, 
- soil depth, 
- humus content and humus form, 
- acid-base ratio (acidity/alkalinity), 
- nutrient supply, and 

soil water content. 

The ecologically relevant soil characteristics and properties can be di­
vided into stable (barely influencable) and unstable (easily influencable) 
ones. The group of factors which are difficult to influence include soil type, 
skeleton fraction, depth and field capacity; the group of factors which are 
easier to influence include the acid-base ratio (pH), nutrient supply and hu­
mus content. 

The soil form is the general characterization of a soil in terms of soil type 
and parent rock, i.e. the "substrate-systematic unit" according to AG Boden 
(1994). The soil structure refers to the spatial arrangement of the irregularly 
formed solid mineral and organic soil components dividing the entire soil 
volume into the volume of solid soil substance and pore volume (with grow­
ing proportions of water and air). Factors which depend on the soil structure 
include the water, air, heat and nutrient balance, rooting capacity and worka­
bility, as weil as transfer processes. 
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The soil texture refers to the particle size composition of the mineral 
soil, with a distinction being drawn between fine soil (particle size up to 2 
mm) and coarse soi! (soi! skeleton with particle diameters exceeding 2 mm). 
The soi! texture is connected to a whole series of structural and regular pa­
rameters in the ecosystem. Together with the soil's water balance, the soil 
texture and soil structure are important parameters for the heat balance, and 
determine the erosion resistance (water and wind). 

Fine soil (i.e. the soil texture) can be classified using the soi! texture dia­
gram (Figure 3.2-5). The coarse soil (skeleton fraction) can be classified fol­
lowing on from AG Boden (1994) (Table 3.2-2). For certain applications 
such as calculating the usable field capacity, it may be helpful to subdivide 
the entire coarse soil into the fractions breeze/gravel (2--63 mm) and 
stoneslblocks (>63 mm). The granulation of the entire soil then results from 
the combination of fine and coarse soil. 

The soil skeleton determines in particular water balance characteristics 
such as field capacity and water permeability. Consequently, it influences 
the water storage capacity and the filter capacity. Moreover, nutrients (sub­
stances) can be constantly "washed" out ofthe coarse soil by weathering. On 
the other hand, the increasing skeleton content reduces not only the propor­
tion of fine soil, but also the usable root area and increases susceptibility to 
soil erosion. 
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Figure 3.2-5: Soil texture triangle 0/ mineral soil divided into soil texture classes 
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Table 3.2-2: Classification of coarse soil (skeleton jraction) after AG Boden (1994) 

class indication portion 
volume-% mass-% 

1 very slightly stony, gritty < 2 < 3 
2 slightly stony, gritty 2 - 10 3 -15 
3 medium stony, gritty 10-25 15-40 
4 lntense stony, gritty 25 - 50 40-60 
5 very intense stony, gritty 50-75 60- 85 
6 stones, gravel, detritus > 75 > 85 

Bodies of soil often feature an ecologically relevant change in the soil 
texture or the soil texture class within the profile depth of 1.3 m as a resuIt of 
soil development processes, periglacial or other geological occurrences, or 
even anthropogenic activity. When surveying the soil, the soil texture 
stratification i.e. soil types (classes) and the depth at which the soil type 
changes must then be indicated. 

The soil depth refers to the thickness of the potential root space, i.e. the 
volume of soil from which plants can meet their water and nutrient needs, 
and in which they can stand, enabling them to achieve stability. The soil 
depth is hence an important parameter within the ecosystem on which the 
plant-available water and nutrient stocks of a location depend. The soil depth 
can usually be determined fairly accurately in the field by interpreting the 
actual rooting density and estimating the rooting scope. The main factors 
which influence soil depth are consolidation, porosity, aggregation, stone 
content and the depth to the water table or subterranean water. In the event 
of soils with a low skeleton fraction, the consolidation throughout the area 
can be determined fairly precisely by means of penetrometer measurements 
(Hartge and Horn 1989). The literature also contains information on the ex­
act determination of consolidation using volume sampIes (Schlichting et al. 
1995). Rooting barriers include densely packed soils with substrates with a 
pore volume below 35 percent. 

Soil humus refers to all the organic substance in and on the soil. It is sub­
jected to constant processes of breakdown, conversion and development, and 
also undergoes constant change, including reduction or increase. The humus 
content of soil is the percentage by weight of humus in dry fine soil. It is 
usually assessed in the field by simple visual inspection: the higher the hu­
mus level, the darker the soil. The main factors of modification are moisture 
and substrate. 

The humus form is characterized by a sequence of different layers or ho­
rizons containing dead organic substance - partlyon the surface, and partly 
mixed with the mineral soil. Its morphic and chemical properties depend on 
the type of organic substance, as weil as the abiotic decomposition condi­
tions and the activity of the soil organisms as they undergo degradation. 
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Abiotic decomposition conditions include the climate, moisture and chemi­
cal milieu (certain acid-base ratio), which is sharply dominated by the min­
eral substrate. Moreover, the vegetation (soil cover) and the type of land us­
age have a strong influence on the humus form. All in all, the humus is a 
powerful indicator of site conditions, and can also respond rapidly to short­
term changes. 

A distinction is drawn between dry (aeromorphic) and moist (hydromor­
phic) humus forms, as weil as underwater (subhydric) forms. The main 
aeromorphic humus forms are: 

mull humus: from biotically active soils rich in nutrients. Easily degrad­
able vegetation residues are quickly broken down, humified, and mixed 
with the mineral body by the soil fauna or soil tilling, 
raw humus: from biotically inactive soils low in nutrients. Poorly degrad­
able vegetation residues form floor humus on top ofthe mineral soil, 
moder humus: an intermediate product between mull and raw humus. 

Hydromorphic humus forms (moist raw humus and muck humus) are 
created und er temporary anaerobic conditions, whereas turf (lowland moor, 
transition moor and raised bog turf) is formed under conditions of water 
saturation. Subhydric humus forms (dy, gyttja, sapropel) are formed at the 
bottom ofbodies ofwater. 

The humus is the soil component which exerts the largest influence on 
processes of soil dynamics and hence the development of organisms living in 
and on the soil. As far as the ecological functions exercised by the various 
humic substances in the soil are concemed, a distinction is drawn between 
nutrient humus and mild humus. Nutrient humus comprises substances 
which are easily susceptible to microbial breakdown. They provide food for 
migrants and so when broken down release plant-available nutrients (C02, 

N, P, S, mineral substances). By contrast, mild humus consists of high­
polymer substances which are difficult for migrants to break down. Owing to 
water bonding, they mainly act as ion exchangers (source and sink function) 
and are responsible for structure creation in the soil. The süurce and sink 
function is important not only for the supply of nutrients:, but also für 
groundwater quality. 

The soil re action (pH) controls many development processes in the soil 
and influences the organisms living on and in the soil. In particular, it influ­
ences ecosystems by affecting the following factors: 

- composition of the edaphone (the sum of all soil organisms) with respect 
to the species and quantities occurring, as well as the biotic activity as the 
sum parameter ofthe humus form and humus tumover, 
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- elemental composition of the soil solution and hence the supply of plant­
available nutritional elements, as well as the ion composition of soil ex­
changers (e.g. cation exchange capacity and base saturation), 

- bioavailablity ofpollutants (e.g. heavy metals), 
- material composition of leachate and hence substance discharge, and 

structure formation and aggregate stability caused by the ion composition 
ofthe soil solution, and hence the soil's water and air balance. 

The nutrient supply refers to the supply of substances which are made 
available by the soil to the plant as "building materials" for their body sub­
stance and as "fuel" to maintain their life functions. A distinction is drawn 
between main nutrient elements (macro-nutrient elements) such as N, P, K, 
Ca, Mg and Fe, and trace elements (micro-nutrient elements) like Cu, B, Mn, 
Zn, Mo, Se and CI. Some of these elements are plant-specific: CI, for in­
stance, is specific to obligate halophytes. Characterizing the nutrient supply 
of the soil is normally fair\y complex. Generally speaking, soil fertility 
(which depends on the nutrient supply and the water balance) is determined 
by the level of sorbable substances and their ion make-up, which in return 
for H+ and Ae+ ions surrender other ions to the soil solution, making them 
available to the plant. Such sorbable substances or exchangers include c1ay 
minerals, humic substances and to a lesser extent Fe and AI hydroxides. 

When considering the soil's nutrient supply, the fraction which can be 
replenished also needs to be taken into account. It comprises the mineral 
content and the susceptibility ofthe source rock to weathering, as weIl as the 
level of humus substance in the nutrient humus and its conversion. Humus is 
the chief source of the main nutrients N and P, especially in natural ecosys­
tems. 

Surface sealing is an important factor which needs to be taken into ac­
count in soil investigations in urban and industrial ecosystems. It indicates 
an area which is covered by buildings or by natural or artificial substances. If 
land is sealed, this partly or totally prevents the exchange of gases and infil­
tration, and alters important hydrological parameters, hence affecting both 
the edaphon and metabolic processes. All in all, the partial or total sealing of 
land upsets important hydrological and substance-balance parameters, and 
limits or even eradicates its biotope function. 

In order to systematize the wide variety of soils, some form of classifica­
tion is needed. Soil cIassification systems can be compiled using pedoge­
netic, regional or functional factors. However, they are always based on the 
extended causal chain of pedogenesis and pedofunction. 

Early Russian and North American c1assification systems, which nowa­
days are still partly used for large-scale approaches (e.g. ecozones), define 
soils in terms of their zonality in accordance with climatic and vegetation 
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zones. These factor-based classification systems divide soils into zonal, 
intrazonal, and azonal soils. The main pedogenetic factors taken into account 
of zonal soils are the cIimate and vegetation; this is a highly generalized 
viewpoint. In intrazonal soils, rock and relief influences play the main role in 
the pedogene (e.g. calcium, salt, soda soils and groundwater soils in low­
lands). Azonal soils gene rally only exhibit weak profile differentiation. 
Above all colluvial and alluvial soils extend right through climatic zones in 
the floodplain areas of rivers. 

One consistent taxonomy system of characterization is "7th approxima­
tion", which was developed in 1960 in the USA, and which since 1975 has 
been known as "soil taxonomy". 

In Germany, soils are usually cIassified using the system developed by 
Kubiena (1953) and Mückenhausen (1977). lt is based on various criteria: 

- compartment: the effect of water in the uppermost category, 
cIass: mainly the general horizon combination, as weil as special proper­
ties and specific soil dynamics, and 
type: peculiarities ofthe horizon sequence and specific horizon proper­
ties. 

The types are divided by qualitative and quantitative modifications into 
sub-types, varieties and sub-varieties. We distinguish between four com­
partments: 

terrestrial soils (soils unaffected by groundwater) with eleven cIasses: 
virgin soils, A-C soils, steppe soils, pelosols (clay soils), brown soils, 
podzols (greyish-white soils), terra calcis (soils from carbonate rock), 
plastosols (plastic soils from silicate rock), latosols (red lateritic soils), 
colluvia, anthropogenic soils, 
hydromorphic soils (semi-terrestrial soils) with six classes: stagnosols 
(pseudo-gleys), alluvial soils, groundwater soils (gleys), source water 
soils, marshy soils, anthropogenic soils, 
sub-hydric soils (underwater soils) with four types: protopedon, gyttja, 
sapropel, dy, and 
moor soils with two cIasses: natural and anthropogenic moor soils. 

Mainly for work outside Central Europe especially in the tropics, the 
classification ofthe FAO-UNESCO Soil Map ofthe World is used. 

3.2.4 Soil water/groundwater and surface water 

The soil water is the fraction of subsurface water which takes the form of 
specific retention, capillary water or leachate in the soi!. Since it undergoes 
seasonal variation, it performs a regulating function in the landscape. Be-
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cause it dissolves and transports substances (incIuding nutrients and pollut­
ants), the water balance also controls the substance balance in the soil, which 
in turn affects the entire ecosystem. The soil water is of special ecological 
importance. It influences not only plant growth, but also groundwater forma­
tion, groundwater protection, the filter potential and the biotic yield poten­
tial, and other landscape functions. 

It was over 40 years aga that Neef et al. (1961) already realized the im­
portance of soil water and the soi! moisture regime in landscape ecology. 

Areas with the same soil moisture regime are referred to as hydrotopes, 
the basic types incIuding leachate-dependent hydrotopes, waterlogging­
influenced hydrotopes, groundwater-influenced hydrotopes, slope water in­
fluenced hydrotopes, and hydrotopes influenced by groundwater and peri­
odically flooded. Account needs to be taken of not only different soil water 
dynamics in adjacent sites but also the spatial combination of hydrological 
neighborhood effects, examples of which incIude ecological catenas (see 
Chapter 2.6) on slopes and hydro-sequences in valleys. 

Ascertaining lateral water fluxes can provide a basis for estimating the 
type and intensity of the vertical and lateral discharge of substances from the 
soil into the groundwater and surface water (Zepp 1995, 1999). Via the wa­
ter cycle, soil water and groundwater interact with adjacent and also more 
distant landscape areas and their compartments (Wohlrab et al. 1992, see 
Chapter 2.7). 

The following primary parameters are measured in the field: water ta­
ble, degree of waterlogging and slope moisture, and basic type of soil mois­
ture regime. The following are determined using auxiliary variables: eco­
logical degree of moisture, usable field capacity of the effective root space, 
saturated water permeability, and quantitative soil moisture regime. 

The quantitative capture of processes in the landscape water balance such 
as infiltration, seepage, capillary ascent, root water removal and transpiration 
calls for measuring equipment in the field supplemented by the laboratory 
determination of hydraulic parameters and corresponding methods of analy­
sis. In addition to information on the landscape compartments vegetation and 
atmosphere, such measuring series and parameters form the basis for the dy­
namic simulation of the water balance of representative areas (ecotopes). 
They can also be used for regionalization (Duttmann and Mosimann 1994, 
Feddes et al. 1988, Reiche 1991, Zepp 1995, 1999). 

The most important hydraulic characteristics of a soil usually deter­
mined in the laboratory include water moisture (PF curve), water conductiv­
ity in unsaturated soil (kfu value) and water conductivity in saturated soil (kf 
value). The moisture tension function is used to derive the soil parameters 
total pore volume, usable field capacity, air capacity and dead water fraction 
(Figure 3.2-6). 
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The change in soil water content can be simply and inexpensively meas­
ured by gravimetry. TOR technology (time domain reflectory) is used to 
measure the content of soil water and has replaced the formerly widespread 
neutron and gamma double probes. Soil moisture can be measured with ten­
siometers (Hartge and Horn 1989). 

The usable field capacity and the saturated water permeability can be 
estimated from the soil type strata indicated (Figure 3.2-7). Alternatively, the 
ecological degree of moisture can be derived from the soil type, stock of 
groundwater and waterIogging. This procedure is particularly recommended 
whenever detailed phytosociological surveys have not been carried out. 

The list of indicator values of central European vascular plants compiled 
by Ellenberg et al. (1992) is a very useful tool for assessing local water bal­
ances in the field (see Chapters 3.2.6 and 3.3). 

Hydrological maps are sometimes available as outline maps or sm all­
scale special maps, as weil as for certain water catchment areas. The volume 
of information they contain depends on their scale. Under certain circum­
stances, geomorphological maps can also be used to obtain information on 
the water balance. It is important that at least small-scale maps (1 :25,000 and 
upwards) contain details of the water tables and the grain size of the water­
conducting strata. 

Surface waters are diversified ecosystems with high biodiversity, mak­
ing them extraordinarily important elements of the landscape. Running wa­
ters (e.g. streams and rivers) and still waters (e.g. lakes and ponds) are not 
just significant structural elements of the landscape (incIuding by virtue of 
their dynamics), but are also important reservoirs and conveyors of the sub­
stance and energy balance. Surface waters have an important substance ex­
change and transport function, and are also involved in the migration and 
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gene exchange of aquatic and terrestrial organisms. In addition they play a 
prominent part in site repopulation and succession. 
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Figure 3.2-7: Soil wafer friangle (after Zepp 1988) 

All in all, bodies of water have the following functions: drainage, water 
retention, substance transport and storage (including fixing), energy storage 
and flow, self-cleaning, providing habitats and contributing to evening out 
climatic differences (Figure 3.2-8). Furthermore, water bodies have an aes­
thetic, ethical and social function since they contribute to the beauty and di­
versity of the landscape, are involved in education and training, and are used 
for recreation (especially sports) and social activities among humans. We 
should also mention the importance of bodies of water for the energy and the 
food sector. As relatively c10sed systems, still waters became the first sub­
jects of ecosystem research (Thiemann 1920, 1925, 1956). 

Compiling a typology of running waters is still tricky. Initial attempts at 
spatial analysis on the topological scale involve defining the typical sections 
of running waters in terms of the main features of valley and water-body 
morphology, bed substrates, the oxygen level, the hydrochemical and hy­
draulic conditions, and biotope development (Mehl and Thiele 1998). 

The landscape ecological analysis and assessment of a body of water 
starts in the catchment and source area, and examines the entire course with 
all its influents. The geological subterranean area through which the source 
water flows primarily determines the water chemism. The chemism is also 
influenced by inputs from the surface, especially land use in the catchment 
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area. Moreover, airborne inputs and evaporation affect the substances and 
their concentrations in a body of water. 

Figure 3.2-8: Running waters meet vari­
ous Junctions in the land~cape, e.g. matter 
transport and exchange, habitat, beauty 
and diversity oJ the scenery: The rivulet 
Spree in the Upper Lusatian low moun­
tains (Saxony, Germany) (Photo: 0. Bas­
tian 1998) 

In terms of mineral composition, a distinction is drawn between "soft" 
water low in Ca and Mg ions and "hard" water rich in these elements. More­
over, describing water as acid or alkali and fresh or salty is also common 
practice. Acid lakes and rivers may be mineral acidic (caused by pyrite 
weathering or flue gas) or humic acidic (moor waters). In terms of color, wa­
ter is divided into clear and brown, while cloudy water containing minerals 
(e.g. glacier run-off) also occurs. 

The landscape ecological analysis of a body of water entails a thorough 
knowledge of its biotic and abiotic components, its changing structures, 
functions and activity rates in the system. Particular importance is attached 
to recording the structural characteristics in various sections of the water, the 
average quantities of water and the expected water-level fluctuations. Other 
parameters include the changing flow speeds, water temperatures and oxy­
gen levels. Moreover, the morphometric characteristics of the bed, its cross­
sections and longitudinal profile, the composition and texture of the bed, the 
shape of the banks and floodplains, and especia11y in sma11 va11eys the entire 
va11ey profile a11 need to be gauged. The type of sediment transport is also 
important in sections where erosion or accumulation prevails. In particular 
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gravel banks and steep banks form important habitats. A comprehensive list 
of morphometric, hydraulic, thermal and chemical parameters as weil as pa­
rameters referring to the catchment area for the characterization of bodies of 
water and their pollution as weil as to estimate the water quality is contained 
in Bastian and Schreiber (1999). Haase et al. (1986) compiled aseries of 
ecologically relevant morphological and pedological classification patterns 
for bodies ofwater in floodplains, various forms ofvalleys and lowlands. 

Biological techniques for determining water quality include indices of 
species diversity, species deficits and the degree of saltiness (halobiontic 
index). Compared with chemical water analysis, biological techniques have 
the advantage that by being an integrated scale they express not merely the 
momentary state of a body of water or certain parameters, but rather the 
worst state persisting over a certain protracted period. 

The saprobity index is probably the best-known water quality parameter. 
It summarises the number of species encountered in bodies of water and 
their indicator value within a characteristic value indicating the water qual­
ity. This enables particular changes to the water quality in the various sec­
tions of a river or stream to be depicted. Especially in connection with meas­
urements of organic pollution and oxygen content, it enables classification 
with information on other make-up criteria. Individual species of organisms 
also have a diagnostic value depending on their presence or absence. 

However, the aquatic biocoenosis and the landscape ecology value of a 
body of water are also determined by other factors. These include the make­
up of the floodplain, the rock composition in the catchment area, the bed 
substrate, the tlow conditions and sediment movement, the repopulation pos­
sibility (e.g. the lack of ascent barriers, the formation of sediment hollows 
providing refuge during tlooding), hydrological parameters (above all flash 
tlooding and low water), the water temperature, chemism (pH, pollution by 
heavy metals, nitrate, phosphate etc.) and other impurities from human activ­
ity, e.g. pesticides. A similar albeit coarser division by ecologically relevant 
sections of water bodies can be carried out on the basis of its fish population. 
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3.2.5 Climate 

For professional urban planning and agricultural land use assessment, a 
detailed analysis and large-scale mapping (1 :5,000 - 1 :25,000) of the cli­
matic situation is an indispensable prerequisite. Of special interest are the 
bioclimatic elements cold air, frost, fog, smog and air quality, and solar ra­
diation. The local dynamics and distribution of these elements cannot be de­
rived and extrapolated from data of a near-by weather station because of 
their great variation in non-uniform terrain. 

Accumulating in valley bases and terrain depressions, cold air can cause 
frequent radiation fog and black ice which impairs road traffic. In cold air 
pools late frosts can occur in the spring and early frosts in the fall which 
damage frost-sensitive crops and reduce the growing season. On the other 
hand, cold airflows can bring relief to the residents of a conurbation in hot 
summer nights. Therefore, it is important to take into account the distribution 
pattern, frequency of occurrence, and dynamics of cold airtlows within a 
planning area and its vicinity. 

The airflow over non-uniform terrain is not easy to generalize. Small to­
pographic variations in relief and surface properties (slope inclination, 
roughness of terrain, vegetation cover, etc.) modify the cold airflow. Every 
hili, depression, and even small terrain obstacles like trees, rocks, and build­
ings create a perturbation in the pattern of flow. This unique mesoclimate of 
alandscape cannot be depicted and mapped by analyzing data from adjacent 
weather stations only. If available, thermal images from satellites which 
show the surface temperatures of the investigation area should be analyzed 
and evaluated (Gossmann 1984). To get detailed mesoclimatic information 
on the flow and distribution pattern of cold air in the planning area, it is 
indispensable to carry out temperature and humidity recordings along trav­
erse routes by car or on foot, preferably during autochthonous weather situa­
tions where nocturnal eradiation and temperature decrease are at a maxi­
mum. A large-scale topographical map, an altitude meter, a digital ther­
mometer and hygrometer with external sensors, a data logger or aprecision 
clock and a tape recorder are needed. The planned recording route, travers­
ing the investigation area several times, with distinct measuring locations 
which can be easily identified at night are plotted on the map (Glawion 
1993, Figure 3.2-9). 

Phenological observations can supplement temperature recording trav­
erses. The first seasonal occurrence of characteristic phenophases (e.g. bud­
ding, flowering, fruit ripening, unfolding of the leaves) of selected plant spe­
cies are registered by date. While this method is more suitable for meso- to 
small-scale mapping of a region, another approach to phenological analysis 
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is the concept of a growth-climate map (Schreiber 1983). It is designed to 
yield results within one or two vegetation periods for detailed, large-scale 
planning. Along a transect route from the lowest to the highest elevations of 
a study area the different phenophases of selected plant species (widely dis­
tributed trees, shrubs, and herbs with conspicuous development of shoots) 
are registered within one day. Phenologically homogeneous terrain sections 
where nearly all the individuals of a species exhibit the same phenophase are 
classified into phenological stages and are considered to possess a uniform 
growth-climate. 

The distribution pattern of cold air can also be mapped phenologically. 
After a late frost night in the early growing season, the percentage of &ost­
damaged buds or flowers of selected plant species (usually orchard trees) is 
registered. The resulting map of different classes of frost-damage gives a 
good overview of the areas of cold air pools and their vertical extent up­
slope or up-valley. Such frost "pockets" should be avoided when planting 
frost-susceptible plants or trees. 
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Figure 3.2-9: Transect 0/ the northeastern Olympic Mountains /rom Port Angeles (at sea 
level) to Hurricane Ridge Lodge (elevation 1600m) with vegetation altitude zones. Corre­
sponding curves 0/ temperature and relative humidity recorded during a traverse on Aug. 8, 
1986, 23:30 PST re/erence time. Intense nocturnal eradiation resulted in the production 0/ 
cold air on the ground which drained down slope and settled to these lowest-lying portions 0/ 
the city 0/ Port Angeles. Above the coastline, air temperature rose with increasing altitude 
along the traverse route up the northern slopes 0/ the Olympic Mountains (valley inversion) 
until it reached its maxima at an elevation 0/400-600m and 800-1200m (thermal belts). At 
greater altitudes, the normal adiabatic decrease 0/ temperature with height prevailed so that 
the temperatures at sea level and at 1500m elevation coincide (modified/rom Glawion 1993) 
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The amount of incoming solar radiation, differentiated into diffuse and 
direct-beam short-wave radiation, depends on the geographieal latitude, the 
season, slope inclination and exposure, possib1e shading from surrounding 
terrain obstacles (mountains, trees, buildings, etc.), and the transparency of 
the atmosphere (e.g. concentration of aerosols around urban or industria1 
agglomerations) of a specific site. With these factors determined, the poten­
tial daily, monthly or annual duration and intensity of sunshine (direct-beam 
radiation) of that locality can be found in meteorological tables (Alexander 
et al. 1999, Morgen 1957). Maps depicting classes of solar radiation (from 
very high radiation gain to very high radiation deficit) are valuable for as­
sessing the suitability of sites for agriculture, especially for growing thermo­
philie crops (e.g. vineyards, orchards), and for urban development. 

Although air quality is an important factor in urban planning, in most 
cases it is not analyzed chemically but only assessed indirectly by interpret­
ing climatic and topographic data. The pattern of cold airflows and the dis­
tribution and frequency of cold air pools with temperature inversion and ra­
diation fog yield important information for aspects of urban eco10gical 
evaluation. In combination with data on local topography, building struc­
tures, land uses and industria1 emissions, an ecoclimatic planning map can be 
compiled (Stock 1992). 

Bioindication is another widely used method to assess the differences in 
air quality within an investigation area. Bioindieators give a more life-related 
expression of air pollution and its possible biological effects on plants, ani­
mals, and humans than chemical analyses (see Chapter 3.3). Due to their 
sensitivity to harmful airborne chemieals, the most widely used bioindicators 
are epiphytical lichen. Under standardized conditions, identical lichen are 
distributed evenly within the study area and exposed to the air. After a given 
time period, the lichen are classified according to the severity of the visual 
change of their physiognomy (e.g. partial dying off) resulting in a map of 
zones of different lichen damage (Steubing and Jäger 1982). 

Due to the widely-spaced network of permanent weather stations, most 
climatic elements can only be depicted in small- to meso-scale maps by 
means of extrapolation. They are hardly suitable for detailed information in 
local planning (Schreiber 1994). 

Air temperature is read in a standardized weather hut at 2 m height. Ex­
tremes or means of temperature can be caJcu1ated for selected time periods. 
If non-permanent temperature stations are set up for only a few years in a 
specific planning area, their data have to be 1inked to the long-term recording 
periods (usually 30 years) of near-by permanent stations. Additional infor­
mation on spatial temperature distribution can be derived from phenological 
observations and from thermal infrared air or satellite images which show 
surface temperatures (Gossmann 1984). 
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Precipitation is measured in a precipitation collector (according to 
Hellmann) at 1m above ground. These stations are much more closely 
spaced than the weather stations. However, there is significant spatial and 
temporal variability of precipitation in non-uniform terrain so that the ex­
trapolation of precipitation data is problematie. Not only slight orographie 
differences, but also land-use patterns (urban areas, forests) can influence 
precipitation. 

Information on average and maximum wind velocity and the prevailing 
wind direction in the atmospherie surface layer for different weather situa­
tions is important for aspects of rural and urban planning (e.g. assessment of 
air quality, wind chili, ventilation in planned housing developments). In con­
trast to some other climatic elements, wind data from near-by weather sta­
tions cannot be extrapolated to be used in large-scale maps. A method of 
bioindication is sometimes used: classifying and mapping the crown defor­
mation of trees in open, wind-exposed terrain to get detailed information on 
the prevailing direction and average velocity of the wind near the ground. If 
the precise wind field is required, e.g. to predict the wind effect around a 
planned large urban structure, it is best to model the situation by building a 
scale model and subjecting it to flow simulations in a wind tunnel (Oke 
1987). 

3.2.6 Bios 

The term "bios" includes all biotic factors of an ecosystem, i.e. plant and 
animal communities. In this chapter it is used in a broader sense to describe 
the analysis of flora, vegetation, fauna, biotopes, and land use. 

Three main approaches to analyzing flora and vegetation for site diag­
nosis, landscape characterization and landscape classification are outlined in 
Figure 3.2-10. These methods are most widely used in Central European 
landscape ecology and biogeography. While the physiognomie-ecologieal 
approach is more useful for meso- to small-scale classification (1 :50,000 -
1: 1 ,000,000), the floristic-ecological and the floristic-sociological method 
are more suitable for large-scale characterization and delimitation of 
ecotopes (I :5,000-1 :25,000). The term "ecotope" in landscape ecology is 
defined as a spatial unit of landscape ecological relevance with homogene­
ous abiotic and biotic environmental properties (see Chapter 2.2), while in 
the biological sciences and in synecology it is synonymous with the term 
"biotope" as living space of a biocoenosis with homogeneous site properties. 

The physiognomic-ecological approach is based on life-forms of plants 
which result from adaptations to particular environmental conditions. Nu­
merous botanists, plant ecologists, and biogeographers have attempted to 
classify the various life-forms by correlating them to specific ecological fac-
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tors. One of the most widely used classification systems with world-wide 
recognition originates from Raunkiaer (1934) who differentiated life-forms 
by their adaptations to survival of the cold or dry season. The most important 
differentiating feature is the position of the buds with respect to snow cover. 
E.g., phanerophytes (trees and tall shrubs) have their regenerative organs 
weil above the snow cover, while chamaephytes (dwarf shrubs etc.) have 
theirs protected under a continuous winter snow cover. Another well-known 
life-form classification is based on the adaptation of plant organs to water 
availability (Schimper 1898). He differentiated between xeromorphic, me­
somorphic, and hygromorphic terrestrial plants as weil as hydromorphic and 
helomorphic aquatic plants. In a more comprehensive c1assification, 
Schmithüsen (1968) used morphological and physiological features of envi­
ronmental adaption relevant to landscape physiognomy and ecology to di­
vide plants into 30 life-form c1asses. These serve as elements for plant for­
mations (Grisebach 1838) which are the basic units of physiognomic­
ecological vegetation typology (Figure 3.2-10). 

If complete inventories of plant species are available, site properties of 
different stands of plants can be compared by composing and evaluating 
their life-form spectra. The percentage of each life-form (e.g. after Raunki­
aer 1934) within the total amount of species of a stand can be calculated 
qualitatively (by number of species only) or quantitatively (by abundance 
and dominance of each species). Comparative analyses of life-form spectra 
depict mostly differences in c1imatic features (e.g. seasonal duration, reli­
ability and height of snow cover, occurrence of frost, seasonal distribution of 
precipitation). Figure 3.2-11 illustrates the drastic altitudinal change of life­
form spectra on south-facing mountain slopes in Ieeland (Glawion 1985). 

Living in their natural environment, under natural competition for space, 
light, water, nutrients etc., plants and plant communities reflect the environ­
mental properties of their sites. However, only very experienced vegetation 
scientists and plant ecologists can attempt to attribute characteristic ecologi­
cal indicator values to each individual plant species of an entire floristic 
region. 

The geobotanist Ellenberg (1992), having studied the plant communities 
of Central Europe for more than 40 years, published an inventory of 2942 
vascular plant species of Central Europe with their assigned indicator values 
for light, temperature, continentality, soil moisture, soil acidity, and nitrogen 
supply (see Chapter 3.3). For these six key site factors, the ecological affin­
ity of each plant species in its natural environment is evaluated along a gra­
dient from 1 (= least extent) to 9 (= greatest extent of a given factor). All 
plant species with a similar combination of ecological indicator values are 
grouped together. These ecological groups are named after one of their 
characteristic species (e.g. Carex humilis-group of dry, shallow, basic soils). 
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Figure 3.2-10: Three approaches to analyzing jlora and vegetation for site diagnosis and 
landscape classijication: la and I b : physiognomie approaches. 2: jloristic-ecological ap­
proach. 3: jloristic-soci%gical approach 

For site diagnosis, the ecological indicator values of all plant species in a 
given stand can be averaged for each key site factor (floristic-ecological ap­
proach). Since the average values are based on ordinal numbers, they cannot 
be interpreted on an absolute scale (e.g., the mean value of 8.4 for the light 
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factor does not indicate that the light supply of this site is twice as high as 
the lighting situation in another stand with the average value of 4.2). 

SKESSUHRYGGUR 

MIDSKALAHEIDI 

o'3oom~2t2Ett181iL ______________ ~~ ______________ ~L;J 

Figure 3.2-11." Life-Iorm spectra 01 altitude zones on a mountain slope with southern expo­
sure in northern 1celand (Skessuhryggur) and in southern Jceland (Midskalaheidi). P = phan­
erophytes; Ch = chamaephytes (without dwarl shrubs); Z = dwarl shrubs: H = hemicrypto­
phytes; G = geophytes; T = therophytes." On both mountains the percentage 01 chamaephytes 
including dwarl shrubs (Ch + Z) rises c/early Irom low to high elevations, while the numbers 
01 hemicryptophytes (H) and therophytes (T) drop sharply. While this is due to an overall 
altitudinal gradient 01 snow cover duration in Iceland, the generally larger percentage 01 
hemicryptophytes on all altitude levels 01 Midskalaheidi compared to Skessuhryggur is due to 
the milder winters in southern 1celand where snow cover is unreliable. (adapted Irom 
Glawion /985) 

The floristic-ecological approach to site diagnosis, using Ellenberg's eco­
logical indicator values, is limited to Central Europe. However, in other flo­
ristic regions of the world, there have been similar, though less comprehen­
sive, studies. Most of them have the purpose to assess the productivity of a 
site for timber or crop growing (e.g. Daubenmire 1976).. The floristic­
ecological site evaluation is not Iimited to the above-mentioned six key fac­
tors. E.g., in nordic countries like Scandinavia and northem North America, 
the snow cover is a much more important factor than some soil factors which 
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are subdued by a commonly thick layer of raw humus in boreal climates. 
The ecogram in Figure 3.2-12 depicts chionophobic (snow-avoiding) and 
chionophilous (snow-dependent) ecological species groups in Iceland, 
aligned along a gradient of snow cover duration. These species groups have 
been identified by thorough investigation of the ecological affinities of 
plants in Iceland, and are used as bioindicators for site evaluation and land­
scape assessment (Glawion 1985, 1989). 
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Figure 3.2-12: Ecogram depicting ecological groups as bioindicators for snow cover dura­
tion in Iceland. The broken fine next to the name of a species indicates its ecological optimum 
range, the number indicates its maximum dominance within this range (adapted from 
Glawion 1985) 
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The floristic-sociological approach aims at typifying and classifying 
plant communities on a floristic base (Figure 3.2-10). First, stands of plants 
in the investigation area are selected and delimitated by quasi-homogeneous 
species distribution, stratification, and site properties. Second, their complete 
floristic inventory is taken. Not only all the species are listed, but also their 
abundance (number of individuals per species) and/or their dominance 
(percent coverage of all individuals of each species) are estimated. By com­
paring the similarity of species composition of the analyzed plant stands, 
plant community types are formed. Finally, referring to particular character­
istic and differential species, the community types are integrated into the 
hierarchial phytosociological elassification system. While characteristic 
species define the various plant associations, alliances, orders, and elasses of 
the system, differential species subdivide associations by site differences 
within their areas into subassociations, variants, and sociations. For details 
on the methods of floristic-sociological analysis, typification and classifica­
tion, see Braun-Blanquet (1964), Knapp (1971), Kreeb (1983), and Klink 
(1996). Although the elassification system of Braun-Blanquet, due to its 
statistic-structural approach, is not directly applicable for lanc\scape ecologi­
cal purposes, the lower units of the hierarchial system which are defined by 
differential species can be used for site diagnosis. 

A group of differential species with similar environmental requirements 
and belonging to the same vegetation unit (e.g. a specific sub-association) 
are called sociologic-ecological or synecological groups (Scamoni and Pas­
sarge 1959, Schlüter 1957). Their advantage to the previously described so­
ciological or ecological groups is that their species combination can be ana­
Iyzed and evaluated for their floristic-sociological characterization as well as 
for the assessment of their site conditions.The environmental indicator val­
ues of synecological species groups and vegetation units can be depicted by 
ecograms. It is not feasible to arrange them along single-factor gradients 
since in their natural environment plants respond to the variation of a com­
plex of interrelated factors by a change of species combination or dominance 
(Figure 3.2-13). 

Within the densely populated European continent where human influence 
on the vegetation started several thousand years ago, the natural vegetation 
has almost been replaced everywhere with human-made plant communities 
(see Chapter 4.1). Since it is very problematic to correlate them with natural 
environmental factors, the potential natural vegetation is often used to assess 
the present-day ecological growth potential of an area. The potential natu­
ral vegetation is astate of the vegetation which would theoretically be exis­
tent (as today's elimax communities) on all present-day sites if human influ­
ence had stopped (Tüxen 1956). It can be derived from still-existing rem­
nants of vegetation elose to nature and from site analysis. 
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Figure 3.2-13: Forest associations ofthe northeastern part ofthe Olympic Mountains (Wash­
ington State, USA), arranged along a complex ecological moisture gradient (horizontal gra­
dient) and a comp/ex bioclimatic attitude gradient. The moisture gradient takes account ofthe 
water supply by surface and ground water, soil moisture, and topoclimate (air humidity), and 
the vertical gradient comprises the altitudinal decrease of temperature and shortening of 
vegetation period, and increase of precipitation, length of snow cover, and wind velocity. 
Associations in this figure are defined as phytosociological units of the potential natural 
vegetation (climax communities), characterized by the same dominant species in the tree layer 
and in the understory. Ecologically differentiating species, usually confined to the herba I 
layer, subdivide associations into phases which allow a more detailed site analysis (adapted 
from Glawion 1993) 
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Figure 3.2-14: C/imax comp/ex model 0/ the subpolar birch forest formation in Jceland with 
Rubo saxatili - Betuletum pubescentis as c1imax association, and its regressive and progres­
sive succession seres) (modifiedfrom Glawion 1986a) 

Figure 3.2-14 depicts a c\imax complex model of the subpolar birch for­
est association Rubo saxati/i-Betuletum pubescentis . As the potential natural 
vegetation of Icelandic lowlands it is linked to progressive and regressive 
succession seres of secondary plant communities. The climax complex 
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model is used for landscape protection, control of soil erosion and deforesta­
tion, and rehabilitation of degraded and eroded grazing lands in Iceland. 
Once a distinct vegetation succession stage of a degraded site has been iden­
tified in the model by comparing its species combination, suitable rehabilita­
tion steps can be implemented (Glawion 1985, 1986, 1987). 

The habitat requirements of the fauna and the ecological indicator values 
of individual animal species have not yet been investigated as thoroughly as 
of the flora and vegetation. This is partly due to the high mobility, the great 
number of species, and the problems to delimitate a faunistic habitat which 
makes it more difficult to consider animals in landscape analysis and land­
scape assessment. Nevertheless the fauna plays an important role in biocoe­
noses and ecosystems (Figure 3.2-15). 

Figure 3.2-15: Thanks to their conspicuousness, butter flies (e.g. Nymphalis polychloros) be­
long to those insect groups which are especial/y suitable as bioindicators (Photo: 0. Bastian 
1985) 

To cope with the problems, representative animal species (or species 
groups) are selected which fulfill the following requirements (Bastian 1994, 
Zucchi 1990): 

- sufficient distribution and frequency in the study area, 
well-known in their taxonomy, biology and ecology, 

- reproducable methods oftheir sampling and recording, 
representing the entire biocoenosis as "key indicator species", 
representing different levels ofthe food chain and various types of 
niches, and 

- preferably including endangered species from the standpoint of nature 
conservation. 
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For analyzing seleeted biotopes the following speeies groups are best 
suited as bioindieators: small mammals, birds, reptiles, amphibia (for aquatie 
biotopes), dragonflies, grasshoppers (mainly for dryland biotopes), bees, 
butterflies, soil-inhabiting and wood-inhabiting beetles, and snails (Plaehter 
1989). 

The field methods of sampling animals vary depending on the seleeted 
speeies group. A quantitative analysis of the population density ean be 
aehieved by observation and visual eounting of individuals and their breed­
ing plaees (burrows, nests), by catching and trapping (amphibia, reptiles, 
inseets), by random sampie mapping and line taxation (Coch 1999, Riecken 
1992). The inventory of species, their abundance, and their eeological re­
quirements are analyzed and evaluated to characterize the biocoenosis and 
the biotope for landscape assessment and landscape planning. 

In most investigations and assessments for nature preservation, only 
landseape units which are worth protecting are ealled biotopes. Identical or 
similar biotopes comprise a biotope type. A charaeteristic pattern of differ­
ent biotopes in a confined space is called a biotope complex. Mainly in ur­
ban areas where it is difficult to identify individual biotopes, biotope com­
plexes have been defined. A widely used inventory of biotope types in Ger­
many has been published by Pott (1996). 

In biotope mapping, the term biotope is used in a slightly different sense 
for practical purposes: "A biotope is a landseape unit whieh is delimitated 
from adjacent landseapes by vegetation typologieal or landscape ecological 
features" (Landesanstalt für Umweltschutz 2001). Henee, für identifieation 
and eharacterization of biotopes, keys for biotope type mapping ean com­
prise plant assoeiations, plant formations, life forms, and land use types, 
morphologieal and aquatic features. Some biotope types cannot be defined 
by plant associations (e.g. caves are defined as a morphological feature and 
crop fields as aland use unit). Vegetation with a high human impact is better 
differentiated by its physiognomie than by its floristic composition. Only 
near-natural remnants of vegetation ean easily be identified as plant associa­
tions. Haeupler and Muer (1999) have developed a key for identifying the 
biotope types of Germany, based partlyon the syntaxonomical systematics 
in Pott (1995). To speed up biotope mapping, simplified keys are often used 
as a combination of land use units and vegetation structure types. These can 
be quiekly identified in aerial photographs, and they can be eorrelated with 
specific groups of animal species wh ich are eonfined to a eharacteristic 
struetural type of vegetation (e.g. coverage and height of individual strata) or 
vegetation pattern (e.g. combination of hedges, groves, edges of forests and 
waters). Correlating the known ecologieal requirements of selected animal 
speeies with the vegetation structure types enables the landscape planner to 
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assess the biotope suitability of his study area for these animals as their 
habitat. 

The numerous methods of biotope mapping, including urban biotope 
mapping, can be assigned to one ofthree principal categories: 

- selective biotope mapping only considers biotopes worth protecting. 
With this method, large areas are mapped to identify and secure valuable 
biotopes for nature conservation, 
comprehensive biotope mapping includes all biotopes (rural, urban, 
forest, ete.) ofthe study area. It is used for detailed landscape analysis 
and planning purposes, and 
representative biotope mapping combines both methods mentioned 
above. For all land use types ofthe study area representative test areas 
are investigated and the results are applied to all the remaining areas with 
similar land use structure. 

3.3 Tbe indicator principle 

3.3.1 Definitions and demands 

It is very difficult to throw light on the complicated relationships within 
ecosystems and landscapes with ajustifiable expense and to look at EVERY 
interaction and connection. Therefore, suitable parameters are necessary, so­
called indicators, in being able to characterize the whole system in an ade­
quate manner. In natural sciences an indicator signifies a plant or an animal, 
a substance or, in general, an object verifying a variable that cannot be 
measured direcdy. So the appearance or disappearance of specific lichens is 
an accepted sign for air quality. In landscape ecology and landscape plan­
ning this term is used in a more complex manner, especially with respect to 
target systems. Natural sciences need descriptive indicators whereas plan­
ning needs normative indicators in addition to the descriptive ones. 

Indicators can be grasped rather easily, and they can be used to explain 
the particular problem favorably . In contrast to indicators, parameters can 
be measured immediately, and they enable direct conclusions. 

Insights into complex systems can only be gained for selected compo­
nents. Because it is impossible to register all interactions and response co­
herences within a specific system selected indicators will be used that are 
representative to characterize certain states or operation modes of the whole 
system. Indicators provide signs for a putative state or operation mode of a 
considered system (saproby for water quality or lichens for air quality - as 
mentioned above). 



0. Bastian & U. Steinhardt 155 

lndicators do not serve for the analysis, acquisition and assessment only 
but they can also be used for their simplification by reducing the manifold 
system's mechanisms to the significant correlations. Therefore, discrimina­
tion into three c\asses of indicators following the pressure-state-response­
approach has been enforced (CSD 1997, OECD 1994): 

Pressure indicators will be used for the analysis ofthe factors and re­
sulting effects as well as the sensitivity to certain effects of measure­
ments (e.g. input of phosphorus into waters). 
State indicators enable the indication of certain conditions or develop­
ments, such as phosphorus concentration in waters or natural site condi­
tions by the use of indicator plants in agriculture and forestry (see Chap­
ter 3.3.4), but also human influences on the environment by changed fea­
tures ofbiological objects and systems compared with defined reference 
conditions. 
Response indicators conduce the development, selection and control of 
political measurements (e.g. phosphorus concentration in the outlet of a 
sewage treatment/purification plant). 

Unspecific indicators react to different factors in the same way, whereas 
the reaction of specific indicators can be related to one defined environ­
mental factor. If single attributes represent the indication directly, we have to 
do with so-called single, analytical or primary indicators. If two or more 
influencing factors have to be considered to characterize a phenomenon, sin­
gle attributes respectively indicators must be combined to derived, com­
pound or aggregated indicators. The aggregation is carried out step by step 
from the lower to the higher level (Bastian 1992, 1999a). 

The process of indication should be understandable, and more or less ob­
jective. In addition, indicators should also meet the following requirements 
(from Müller 1996, modified): 

general possibility to collect the information, 
validity, sensitivity, 
methodical intelligibility, representativeness, repeatability, 
spatial and temporal comparability, integrability, and 
unambiguous relation of the effect. 

A general principle of indication is KIS = "Keep it simple", to avoid 
overtaxing people and to improve political acceptance, especially in the field 
of nature and environment. 

Indicators provide, however, only indices for the description or assess­
ment of astate or a development. This is a remarkable limitation. In addi­
tion, uncertainties, limitation to details of the problem, subjective influences 
and normative assumptions are characteristic features of indicators. So they 



156 Chapter 3 

have to be interpreted carefully and with respect to the specific question. For 
instance, the air quality index based on lichens does not necessarily provide 
information on the actual air pollution. Lichens are sensitive to acids. They 
are an appropriate medium assessing the concentration of S02 and NOx in 
the air. In contrast they do not give much information conceming the pollu­
tion by soot or hydrocarbons (Kühling et al. 1997). The saproby index (see 
Chapter 3.2.4) describes water quality, but does not give much information 
about the state of the riverbed, river profile or buffer strips. In an extreme 
case, this selective approach could lead to false conc1usions. 

Also planning practice is confronted with the problem of looking for in­
dicators. Often they will be selected from each planner or surveyor individu­
ally and are therefore different from investigation to investigation. This can 
lead to problems in comparing and understanding different case studies. 

All trials to develop indicator sets failed up to now due to the complex 
task. What we need is a system of indicators (SRU 1994) that is able to rep­
resent the difference between an indicator (actual matter concentration, mat­
ter input, and structural interventions) and a threshold value (critical matter 
concentration, critical input rates and critical structural interventions). But 
this is exactly what environmental planning needs to get out of the surveyor 
conceming the indicator sets. Up to now, not only are indicators missing but 
also the according threshold values conducing as assessment rule. We have 
to doubt whether there will be an area covering approach with indicators and 
threshold values. There is an overwhelming investigation effort only for re­
gionalization exceeding the capacities of actual landscape planning by far. 
Besides structural indicators belonging to the standard program of qualified 
landscape planning, concentrations and input rates also had to be detected 
and assessed for regions. Until now, this is realized only for the management 
planning of selected water courses being important or problematically. 

Because of the complexity of landscape structures and processes, a single 
indicator can contribute to the characterization of several landscape func­
tions equally. This fact should be considered for the choice of indicators in 
order to achieve good results with low expenses of time and costs. The indi­
cator principle represents a compromise between the desired objectivity and 
complexity of the information, and the necessary practicability of the ap­
proach. With the help of an optimal set of problem-related indicators, a bet­
ter integration of ecological basic knowledge into practical planning proc­
esses is possible. 

The intelligent choice of indicators influences the quality of results essen­
tially. Drastic restrietions result from available information in the test area. A 
critical assessment of all applied indicators is always necessary. The step 
from a simplification to amisinterpretation is small if complex environ­
mental issues are simplified and reduced to only a few indicators, and if the 
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result achieved loses any sensible relation to the ecological reality. The deci­
sion as to which attributes and indicators are especia11y suitable to solve a 
certain task, depends e.g. on the specific question, on the type, complexity 
and size of the object, and on the desired differentiation of the result. 

Within a well-developed concept of landscape analysis and planning, 
such indicators should be applied as are significant and geared to the con­
crete aim, the size of the test area or the scale (planning level), and the spe­
cific landscape character. That is not easy at a11, since e.g. in landscapes 
heavily influenced by man, especially in eutroph and "cleaned" landscapes 
indication is not easy because of the lack of indicator species. The insuffi­
cient knowledge of ecological effects and relationships leads to noticeable 
consequences, too. Admittedly, it is often possible to describt: certain facts 
verbally, but not to quantify them. Consequently, the range 01' available in­
formation is heterogeneous and incomplete, it comprises "hard" as weil as 
"soft" data, measured and estimated values, information from comparisons, 
primary and secondary data, and also information based on intuitive experi­
ences. In some circumstances, the last can be more valuable than measured 
data, which are not always representative and valid, and their gathering ex­
pensive. The search for information should not be limited to quantitative 
data, since not all important information can be quantified. The ignorance of 
qualitative facts narrows the view on the reality unnecessarily (see Chapter 
5.3.). 

3.3.2 Bioindication 

In the field of nature conservation and landscape management, structure 
and functions of nature and landscape can be characterized with the help of 
indicators. A special field concerns bioindicators: organisms whose life 
functions can be correlated with certain environmental factors so closely that 
they can be used as indicators for them (Ellenberg et al. 1991, Schubert 
1991). This indication can be realized by presence or absence of certain spe­
cies or by specific features such as life form and growth form (habit), life 
rhythm (phenology), abundance, species spectrum, but also by material pe­
culiarities. Plants and animals make good indicators in landscape research, 
for example in assessing the quality of the air, water and soil, and in detect­
ing pollution and landscape changes (Table 3.3-1, see Chapter 3.2.6). Bioin­
dication, then, makes it possible to estimate the total impact of a variety of 
nonspecific harmful effects and illustrate it for larger areas (Figures 3.3-1 
and 3.3-2). 
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Figure 3.3-1 (Ieft): Botrychium lunaria is a rare fern of acid rough meadows heavily threat­
ened by intensive land use and nutrient accumulation (Photo: 0. Bastian 1980) 
Figure 3.3-2 (right): For breeding, the curlew (Numenius arquata) prefers wet extensively 
used grassland (Photo: reproduction) 

The ecological behavior of a plant species in the landscape is not identi­
cal with its physiological optimum. The principle of relativity in ecology 
means that the ecological importance of one site factor for an organism 
(plant, animal, human being) does not depend only on its own extent (quan­
tity) and development, but from the total ecological situation as weil, i.e. 
from all other factors influencing this Iiving being (Dahmen and Simon, 
(997). Therefore, the validity of indicator values can be limited to certain 
(plant) communities or regions. Even within Central Europe, the ecological 
and sociological behavior of plants often varies between different landscapes 
leading to the necessity to specify the indicator values (Schubert (991). Be­
sides, the ecological inhomogeneity of many species should be considered: 
often numerous "ecotypes" can be distinguished. A further difficulty is the 
slow reaction of many species to habitat changes. 

There are, however, a lot of critical aspects and limitations, especially 
caused by methodological problems and a lack of knowledge. Serious obsta­
cles result from the mobility of animals, their ecological valence which is 
manifold and often unknown, the almost infinite number of species, a con-
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cealed existence which allows observation of many species for short periods 
only, and the high cost of study. 

Table 3.3-1 .' Examples 01 bioindicators lor environmental impacts and ecosystem changes 

hierarchical 
level/ 
dimension 
ecosystem / 
biocoenosis 

species, taxo- -
coenosis, 
populations, 
individuals 

morphologi­
cal, physio­
logical, bio­
chemical 
level 

indication / indicandum 

mechanical threats (tram­
pling) 
eutrophication of terrestrial 
ecosystems 

water eutrophication 
air pollution (emissions) 

complex landscape changes 

water eutrophication 

air pollution (emissions) 

threats by biocides 

heavy metals (e.g. Pb, Zn) 

salt 

air pollution (emissions) 

threats by biocides 

heavy metals 

indicator 

vegetation changes (damages) 

communities of plants (phytocoe­
noses) and mushrooms (mycocoe­
noses) 
reet fringes 
forest structure, plant biomass, phy­
tocoenoses 
changes of bird and smaller game 
animal populations 
species spectrum of waterfowl and 
water plants 
occurrence of mushrooms, molluscs, 
arthropods, birds, sm all rodents, li­
chens, mosses and higher plants (flo­
ristic changes) 
aquatic and terrestrial flora and 
fauna 
distribution of plants adapted to 
heavy metals 
distribution ofhalophytes (e.g. Puc­
cine/lia distans) 
morphometric deviations (annual 
growth of shoots), I ife-span of co­
niferous needles, growth-ring chro­
nology, necroses, chloroses, cell sap 
conductivity, contents of chloro­
phyll , protein, enzymes 
soil respiration (by microorganisms) 
enzyme activities, contents ofheavy 
metals (e.g. in game livers) 

3.3.3 Diversity - always a criterion of landscape quality? 

From the nature conservation point of view the number of species can be 
an important criterion for the value of an ecosystem or a protected area. In 
ecological textbooks, usually numerous indices of ecological diversity are 
described (related to the names of authors such as Margalef, Odum, Pielou, 
Shannon-Weaver, Simpson, S0rensen). Often, they suffer, however, from 
their restriction to single groups of organisms, difficulties in their calcula­
tion, the missing applicability to areas, i.e. the chorological dimension. 
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High species diversity within an ecosystem indicates a high complexity 
of ecological relations but it does not mean necessarily a high stability. For 
example, there are ecosystems poor in species but ecologically stable, e.g. 
Phragmites-reets, acidophilic beech forests, boreal coniferous forests. Sev­
eral ecosystems are settled by a few but rare and highly endangered species 
and communities only, e.g. oligotrophie waters, high-moor bogs and heaths. 
The mere number of species alone does not characterize the quality and the 
value of an ecosystem! Always the relations to the type of ecosystem, the 
stage of development, the intensity of human interference, the site and the 
landscape type are evident. 

The calculation of species densities (e.g. the number of breeding bird 
species in an area) can cause absurd results, because species-area relations 
are not linear, and different regions can be compared for certain purposes 
only. lt is not justified to measure and to evaluate the species diversity (e.g. 
the number of breeding bird species) of a certain area on the basis of average 
expectations (see Table 3.3-2). 

Table 3. 3-2: Number of breeding bird species (S) in areas of different size (F) and resulting 
species densities (S/F) ([rom Scherner 1995). The species density seems to become higher 
with decreasing size ofthe test area. This is a wrong conclusion. 

Area F S S/F 
state forest Neuhaus, department 91 c 6.6 ha 11 127.9 km2 

central Solling 20.0 km2 71 3.6 / km2 

Solling* 427.0 km2 90 0.2/ km2 

the whole without the Solling 149 millions km2 c.8,600 0.00006 / km2 

* a mountainous forest area in Lower Saxony (Germany) 

3.4 Landscape ecological complex analysis 

3.4.1 Basic principles 

What is alandscape ecological complex analysis? The term analysis in­
dicates that it is an investigation procedure. Complex points out that the in­
vestigation object is composed of several factors and functions - a system 
will be considered. And landscape ecological characterizes that a three­
dimensional subset ofthe earth's surface will be investigated. 

These general statements now have to be specified according to the re­
search object as weil as to the spatial dimension of investigation. Designed 
by Neef (1963) and Haase (1979) and further developed by Mosimann 
(1978, 1984b) as a method to analyze geographic-ecological complexes in 
elementary landscapes it can be considered as one of the main tools of the 
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European school of landscape ecology. It consists of two parts, the site 
analysis and the differential analysis. The site analysis follows the layered 
structure of an ecosystem and focuses on the vertical interaction between the 
layers or ecosystem compartments (according to the principle of correlation, 
see Chapter 2.4). A package of measuring and mapping methods has to be 
applied to quantify the interrelationships within and between the landscape's 
subsystems. The differential analysis examines each ecosystem compart­
ment by itself in space in order to generate extent and borders of each land­
scape unit (according to the principle of areality, see Chapter 2.4). By com­
bining the two parts, ecosystem processes and their spatial extent can be 
quantified on a small scale respectively in the topological dimension. The so 
realized integration of horizontal and vertical approaches to alandscape is a 
crucial point in holistic landscape ecology. 

The problem of landscape ecological complex analysis is to register ex­
actly - that means to measure - a lot of processes between physically differ­
ent compartments (geoecological subsystems). 

complex 

camplex 
site 
analysis 

site 
,--------- . analysis ---

////' ---+-----M~'"HI__--___:="'""-"7 
,///' 

,/' near ground air mas se I 
~--""~eg;tiiio-;----------- ,,-
,,:::::;2!. .. :.. ... -...... --.... -. '.,t-

L'.:. ~5!!c:..9.!.~,-s..':!t:..S!!!!.t~_ 

differential 
analysis of 
geocomponents 

Figure 3.4-1: Site analysis, differential analysis and landscape ecological complex analysis 
(after Mosimann /984b) 

After Mosimann (1984b) the following basic methodological principles 
depicted in Figure 3.4-1 have to be considered: 

1. System approach: Landscape is understood as a three-dimensional sub­
set of the earth's surface as well as a fabric of storage, regulators and 
processes. 

2. Turnover and balance sheet analysis: lnvestigations are focused on 
matter and water balances. Investigations of water turnover and water 
balance are the prerequisite to understand and quantify matter turnover 
and matter balance. 
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3. Integration of horizontal as weIl as vertical examinations: The space­
related approach integrates horizontal as weil as vertical functional inter­
relationships. 

4. Area-covering statements: Suitable methods (ofmapping, measuring 
and translocation) have to be provided to realize an area-covering state­
ment without any gaps. 

5. Investigation of ecologically relevant parameters: Typical ecological 
parameters have to be registered that can be considered as sum parame­
ters (e.g. total runoff), as indicator parameters (e.g. soil temperature), as 
regulator parameters (e.g. infiltration capacity), as balance parameters 
(e.g. biomass production, soilloss) and as fundamental parameters (e.g. 
grain size distribution). 

6. Validation of data extrapolation: Oue to the fact that all data are meas­
ured at a point, a translocation (extrapolation) to the landscape (type) has 
to be done. 

In connection with this we have to be aware of the peculiarities of the 
landscape as an object of investigation: The highly complex and complicated 
spatial reality has to be simplified. Interrelationships and processes are con­
sidered more in their sum effect than in detail. 

Landscape ecological complex analysis starts with the differential 
analysis - the analysis of the geocomponents (see Chapter 3.2): Investiga­
tion of the layers near ground air, vegetation, relief, soil, geological sub­
strate, and water. It can also be considered as alandscape ecological pre­
exploration. One essential outcome ofthe differential analysis is to fix repre­
sentative test sites. 

The differential analysis is realized to gather information concerning the 
actual conditions of the geocomponents - considered as layers. There are 
many points in common with classic mapping of single geofactors. They are 
registered in maps completed by a description of types (e.g. list of species, 
leading soil profiles). On that occasion specific methods of investigation 
provided by several disciplines (e.g. meteorology, geology, botany) will be 
applied. 

The pre-exploration starts with putting together available information 
(e.g. climate data, geological maps). It has to be continued and supplemented 
by subject-related ("new") investigations (Table 3.4-1). 

Oerived from this, there are at least two different tasks the area-covering 
data registration has to fulfill: 

1. Registration ofthe distribution, the mosaic, and the variation ofthe geo­
components or single elements aimed at a documentation of the geocom­
plex's layer structure. 
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2. The area-covering registration of single functional parameters to recog­
nize whether the results will be representative or not. 

Oue to the above-mentioned tasks of the differential analysis it can not 
provide solutions for the following problems: 

quantification and mutual dependencies / influences of geocomponents 
and geoelements as weIl as their annual variation, 
causal dependencies between structures and functions, 
functional landscape cIassification, and 
registration of tumover and balances. 

Tabte 3.4-1: Investigations within the differential analysis 

procedure parameter ex- implementation significance result 
amples within the com-

2lete investigation 

registration of slope angle, field surveying visualization of analytical maps 
single elements forms of erosion, and mapping, the spreading of 
by mapping and substrate, land analyzing maps single elements as 
analyzing exist- use and air photo- weIl as of domi-
ing maps graphs nant dependencies 

between position 
and ~rovision 

registration of distribution of measuring along typical field 
single elements precipitation and a catena oriented profiles, catena 
by taking meas- wind, soil tem- towards the in-
urements at perature, soil terrelationships 
representative moisture between the 
sites relief and single 

features 
registration of groundwater single measure- investigation of analytical de-
single elements level, air tem- ments on several causal interrela- tail maps: 
by taking meas- perature test sites to get tionships between area maps 
urements in information on variable single iso-line maps 
regular net- the small scale elements, deter-
works differentiation of mination if meas-

the elements urements are rep-
resentative or not 

registration and soil types, vege- registration of recognizing the geocomponent 
presentation of tation communi- the distri bution structure of an maps (e.g. soil 
geocomponents ties pattern of a geo- earth surface' s map, relief 
after typifying component subset, geocom- map) 
selected feature based on a se- ponents are con-
groups lected feature sidered as build-

group, feature ing blocks 
classification 
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All these problems can be solved by combining differential analysis with 
the complex site analysis. It has to discover vertical functional interrela­
tionships at representative test sites. Practically it is realized at measuring 
stations or measuring fields. 

Due to temporal and materiallimitations complex site analysis can follow 
two different routes: 

I. Complex site analysis is restricted to only a small number oftest sites 
equipped with extensive measuring techniques. 

2. Complex site analysis is carried out at a large number of sites, where the 
number ofparameters registered as weil as the registering methods is 
rather simple. 

The choice depends on the investigated landscape type and on the spe­
cific questions. 

By providing the connection between the geocomponents (investigated in 
the differential analysis) the complex site analysis enables a synthetic spatial 
view. Within the bounds of the landscape ecological complex analysis it ful ­
fills the following tasks: 

1. In addition to the differential analysis a functional description will be 
given. 

2. The analyzed geocomponents are connected with ecological processes. 
3. The validation of the hypothesis concerning the genesis of a site mosaic 

derived from the differential analysis is enabled. 
4. The landscape units classified temporarily at the end ofthe differential 

analysis (based on more or less structural features) can be tested with re­
spect to the differences in the site balance. 

12 

Figure 3.4-2: Equipment of a "tessera" as an example for the method of complex site analysis 
- geoecological investigation of the Basel polar ecology research group in the high arctic 
([rom Leser 1993). 
I - soil profile, 2 - Funnel-lysimeter under soil, 3 - suction cups, 4 - tensiometer, 5 - Funnel­
lysimeter under vegetation, 6 - fog collector, 7 - air thermistors, anemometer, pyranometer, 
soil thermistors, 8 - datalogger, 9 - thermohygrograph, maxlmin thermometer, thermistor 
and humidity sensor in weather hut, /0 - tank evaporimeter, / / - Piche-evaporimeter, /2, /3 -
rain gauges, /4 - maxlmin thermometer (surface level) 
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Field measurements are common in many scientific disciplines. Thus 
measuring stations are not restricted to complex site analysis only. The pecu­
liarities of the complex site analysis can be seen in: 

- the type of correlation between the measurements, 
the position ofthe test sites (calIed tesserae, Figure 3.4-2) within an area, 
and 

- the embedment into a superordinated methodological principle. 

Important basic principles are: 

- Object of investigation is the ecosystem as a whole including its matter 
balance. 

- The spatial dimension is limited to test sites. 
The diversity of existing ecosystems within alandscape is an additional 
object of investigation. Measurements at several sites become estimable 
by the comparison between the sites. 
Several test sites will be investigated in sequences depending on func­
tional relief. 
By integrating a network of area-covering registrations the connection 
between (point related) site investigations and spatial reality will be real­
ized. 

3.4.2 Implementation 

The motivation for doing alandscape ecological complex analysis is our 
sketchy, imbalanced and spatially seldom verified knowledge about the natu­
ral conditions and functional relationships of landscapes. Hence neither in 
science nor in practice is sound knowledge about structure and function of 
landscape units available. It goes without saying that investigations have to 
be limited to representative areas. It is impractical (both financially as weil 
as scientifically) to investigate every spot over a large area. But how to find 
a representative test site? 

Scientific as weil as practical criteria have to be considered when select­
ing a test site. Some ofthese are : 

homogeneous geological substrate, 
clear genesis ofthe sediment layer, 

- relief should contain important slope angles and slope aspects, 
all main land use types should be represented, 
the test site should be delineated as a catchment, 

- no unusual elements - like emitters ofharmful substances, 
- easy accessibility to save money as weH as time, 
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official measurement points (e.g. weather stations, runoff gauges) allow 
integration ofthe newly measured data into a larger hydro-climatic con­
text, 

- the extension ofthe tesserae (see Figure 3.4-2) should be 3-4 to 10 km2, 

and 
no fundamental land use changes should occur at least 3 to 4 years after 
starting the measurements. 

Based on single measurements a description of complex landscape units 
should be possible. This can be realized by a chain of conclusions. 

The structural investigation focuses on geological substrate and soil. 
This is due to their natural importance within the landscape system (see 
Chapters l.l and 3.2). Soil is the integrating representative for all the natural 
processes taking place at the site. Hence it is an integrated landscape fea­
ture of outstanding importance that can be mapped in an area-covering 
manner. The second ecological main feature is the soil water balance . The 
balance-related site description is implemented via the soil water function 
due to its importance to the complex ecosystem balance and due to the close 
relations between soil substrate and soil moisture. The geocomponent micro­
climate (including precipitation) is not characterized extensively but by se­
lected single elements. These elements can differ from site to site (e.g. 
amount of precipitation or temperature deviations). 

The field work consists of mapping and measurements. At least substrate 
and soil types have to be mapped over the whole area accompanied by more 
or less detailed terrain climate measurements (depending on the landscape 
type) and a variable number of measurements conceming site water and/or 
site nutrient balance. 

The single points of measurement have to be distributed regularly over 
the investigation area or the catchment. Following the catena-principle (see 
Chapter 2.6) measurement points should be arranged in a line. This is true 
for relief dependent parameters like temperature. A specific selection of 
typical sites should be realized to get local representatives for all landscape 
types. Additional sites should be selected according to their specific balance 
situation not registered by the measurements mentioned before (e.g. specific 
hollow positions, moist slope parts). 

Beside the spatial arrangement, the temporal organization of the meas­
urements is important, too. Not all measurements have to be carried out with 
the same temporal resolution. There are some possibilities: Continual meas­
urements should have a high temporal resolution. Often sum-parameters 
over a one-week period are sufficient. Also measurements of single events 
that have an exemplary character should be made. They are especially suit­
able for terrain climate parameters such as temperature deviations and wind 
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intensity. Single measurements can be compared by mapping - they register 
just the actual condition. They are not suitable for characterizing dynamic 
parameters. 

The background of all the field work is la bora tory analysis, where num­
bers of soil and water sampIes will be analyzed. The results can only be 
compared by applying standardized analytical methods. 

3.4.3 Results 

First of all a lot of single results in the field of geomorphology, soil, cli­
mate, hydrology, etc. are provided that can be considered separately first 
(Table 3.4-2). From a geoecological point of view they are interim results 
that will be processed in a further step to alandscape ecological synthesis. 

Table 3.4-2: Single results of a complex site analysis 

substrate and soil 

- grain size distribu-
tion 

- substrate stacking 
- pore distribution 
- humus form 
- humus amount 
- buffering capacity 

soil water 

- seasonal distribution 
- available reservoir 
- amount of percola-

tion 
- soil moisture regime 

terrain and micro c1i­
mate 

- gain of radiation 
- heat surplus 
- precipitation 
- distribution of T min 

in sinks of cold air 
- distribution ofwind 

intensity 

water and matter dis- water balance ofthe matter balance ofthe 
tribution within the catchment catchment 
site mosaic 

- differentiation of soil - water balance as a - balances for single 
substances moisture conditions 

according to the re­
lief 

- effect of soil and 
substrate on the lat­
eral flow and the 
kind of relocated 
material 

central basic pa-
rameter - turnover behavior of 

- share of surface and selected substances 
subsurface runoff (e.g. fertilizer, ma-

- share of land surface nure) 
runoff - interrelationship 

- estimation of subsur- between the surface 
face runoff runoff and matter 

output 

site related water and 
matter balance 

- in- and output of 
nutrients and miner­
als 

- site c1assification 
according to water 
and matter turnover 

- influences on the 
elements of the site 
balance 

The first step of landscape ecological synthesis leads to a spatial struc­
turing of the representative landscape investigated: Single physiotopes or 
ecotopes are classified and delineated. This cIassification is based on funda­
mental criteria (Haase 1967, Barsch 1968, Leser 1991 a, Mosimann 1984b, 
see Chapter 6.1): 
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stable site features: relief, geological substrate, soil, 
variable inorganic site features: cIimate conditions, processes related to 
water and matter balance, and 
ecological variability. 

The second step is a description of the geosystem. For years a complete 
description of ecosystem functions and processes has been aspired to. There 
are a lot of theoretical approach es to so-called conceptual models of the ho­
mogeneous natural area. But none of these models could be quantified at all 
up to now. So there is a wide theoretical basis but no practical verification 
exists. We can distinguish between four levels of ecosystem description: 
empirically - describing, statistically - describing, describing with the help 
of system analysis, and predicting with the help of system simulation. 

Landscape ecological complex analysis has been practiced the first three 
levels for years. Level four is state ofthe art now. 

3.4.4 Summary and outlook 

Ecological planning is unthinkable without the integration of information 
concerning the landscape balance. Just a mapping of the single ecosystem 
factors is not enough. Landscape ecological complex analysis is the method 
suitable for this. The method itself is complete, but it could be expanded in 
several directions. Some of these are: 

intensification of matter balance investigations, 
- intensification of measurements concerning lateral water and matter 

movement within the landscape, 
making the data registration more effective, 
integration of further biotic parameters, and 
integration ofthe analysis ofharmful substances polluting the environ­
ment. 

Based on this a typificationicIassification of nutrient balance regime 
could be possible just as weIl as an improvement of neighboring effects 
based on the registration of lateral processes. 

Also a lot of problems in landscape planning (see Chapter 7.3) have their 
roots in the missing integration of information concerning the landscape bal­
ance. Landscape assessment methods as weil as ecological risk analysis are 
limited to single stands and do not integrate effects coming from the sur­
roundings. The better we know the correlation between landscape structure 
and lands cape balance the more informative assessment maps we can pro­
vide based on parameters that can be measured and mapped by simple 
means. 
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Landscape change and landscape monitoring 

O. Bastian, C. Beierkuhnlein, R.-U. Syrbe 

4.1 Landscape change: history of the landscape 

4.1.1 The sense of studying landscape change 

Landscapes are changing continuously. This is true due to natural condi­
tions as weil as to human activities, especially in the last centuries. That is 
why special investigations in this field are very important. They are a pre­
requisite for the elaboration of concepts with regard to sustainable develop­
ment: 

The early recognition and assessment of landscape changes makes cor­
rective intervention possible; by specific regulation, undesired changing 
processes can be counteracted at relatively low economic expense. 
The knowledge and documentation ofthe ecological situation ofpast ep­
ochs are part ofthe preservation of our historical and cultural heritage. 

Analysis ofthe historicallandscape is the starting-point for the charac-
terization of alandscape 's peculiarities and its current ecological situation 
(including various landscape factors such as soil, water, climate, vegetation, 
land use). The elaboration of landscape visions (see Chapter 7.2.) can be ex­
pected "without breaks" with the previous development. 

4.1.2 Major stages of landscape development 

Landscape change is a complex process, encompassing ecological, socio­
economic as weil as cultural factors. Naturallandscape changes can take 
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place over a very long time (hundreds and millions of years), proceed very 
slowly, and include a range of factors such as climatic fluctuations, origin 
and erosion of mountains, coastal and river dynamics (Figures 4.1-1 and 4.1-
2). But there are also short-term events with a duration of seconds or years 
and which are often manifested as natural catastrophes, e.g. floods, hurri­
canes, droughts, earth-quakes, vo\canic eruptions, rock-slides, and ava­
lanches. 

Figure 4.1-1: Naturallandscape changes can be caused by volcanic eruptions: The Vesuv 
volcano, Italy (Photo: 0. Bastian 1992) 

Increasingly, landscape changes are essentially influenced by the devel­
opment of human society and it's means of production. In a detailed survey 
for Central Europe, Bernhardt and Jäger (1985) and Bastian and Bernhardt 
(1993) distinguished four major stages of landscape development: 

Agricultural acquisition and use (c. 5,000-6,000 years) began with the 
crop cultivation and livestock rearing activities carried out by Neolithic peo­
pIes. This period lasted through the Bronze Age until the large-scale (medie­
val) clearing of woods ("colonization") between the 7th and 13th centuries. 
This created vast stretches of open countryside and changed the water bal­
ance and regional climate. There was extreme water and wind erosion par­
ticularly in the early stages, leading to widespread accumulation of meadow 
loam along watercourses. Shade-intolerant animal and plant species migrated 
to Central Europe, including species associated with crops. 

Integrated development (c. 1,000 years) made wide use ofall the other 
potentials and resources the naturallandscape had to offer beyond purely 
agricultural pursuits, both in extensive and intensive forms. Ore-mining ar­
eas arose with a network of facilities that have largely survived to this day, 
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sueh as settlement and transport as weil as eommunieation struetures. The 
use of water for energy produetion and goods haulage and also for eatehing 
fish was partieularly important. Hydraulie engineering ereated many differ­
ent struetures (water mills with impounding weirs, eanals, ponds and ehan­
nels for timber rafting, was hing plants, pounding mills, fish ponds), and due 
to the high level of water retention extensive mosaies of wetland biotopes 
beeame established. Natural forests were inereasingly disturbed and ex­
ploited for a range of resourees (e.g. timber, derivatives, wood pasture, litter, 
hunting ete.), leading to forest management around the turn from the 18th to 
the 19th eentury. This integrated and varied utilization of landseapes vastly 
inereased the availability of habitats, partieularly beeause natural sites re­
tained their varied eharaeter. Over several eenturies, eeosystems and their 
eonstituent biota refleeted new equilibriums. So Central Europe reaehed its 
greatest biological diversity ever around the mid-19lh eentury. 

Figure 4.1-2: Also coastal dynamics 
are naturallandscape changes: erosion 
oj the chalk clifJ "Stubbenkammer" 
(coast oj Rügen island. Baltic Sea 
coast, Germany) (Photo: 0. Bastian 
1999) 

The industrial revolution (just over 100 years) led to marked agglom­
eration in the settlement strueture and ereated areas for the large-seale ex­
ploitation of resourees. At the same time, the number of new and intensive 
uses for farm land and woodland was limited (Figure 4.1-3). About 10% of 
the earth's surfaee beeame eompletely transformed, or was sealed by residen-
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tial construction, industrial development, transport routes and mining. New 
techniques enabled the extensive utilization of fossil fuels and the increasing 
sophistication of the chemical manufacturing industry. Landscapes now had 
to deal with substances that were new to natural systems, even though pollu­
tion emissions during this period, were largely confined to the agglomera­
tions. The functions of running waters changed from being sources of energy 
to becoming carrier of goods and effluents. Water retention decreased partly 
through land improvement and the disappearance of ponds, impounding 
weirs and bogs but also as a result of growing water consumption. Agricul­
tural production also contributed to change during this period because food 
had to be produced with reduced manpower: Increased mechanization re­
duced the demand for rural labor resuIting in increased migration to the cit­
ies where the demand for industrial workers was increasing. Agricultural 
land, at the same time, became more homogeneous because of fertilization, 
land improvement and attempts to increase the depth of utilized soil hori­
zons. The effect was a reduction of biodiversity within the landscapes. Major 
habitats were lost, and conservation had its beginnings with the proc\amation 
of the first nature reserves. 

Figure 4.1-3: Revolutionary technical inventions like the steam engine have expedited land­
scape changes: The steam driven narrow-gauge railway in Bad Doberan (Mecklenburg­
Vorpommern, Germany), todaya tourist attraction (Photo: 0. Bastian 1997) 

The scientific and technological revolution (for the last 50 years) has 
drawn intensivelyon nearly all resources and potentials inherent in natural 
landscapes. Large machinery systems, chemicals and automation have been 
used, excepting only small plots, which are difficult to reach with machines. 
Now all landscapes are exposed to human material and energy throughputs 
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at levels many times above that of the past. Substances extraneous to nature 
have become omnipresent with an increase in diffuse deposition of and 
gaseous, liquid and solid phases of a variety of pollutants. There has also 
been a rapid increase in land use practices, which lead to interference and 
neighborhood effects. Biotic diversity is further reduced. In Germany, for 
example, 26.8% of all ferns and flowering plants are endangered and 1.6% 
are extinct, along with a variety of plant associations particularly those re­
lated to wetland and bogs, as weIl as several types of forest. This attrition of 
phyto-sociological diversity also applies to plant communities derived from 
low-input/low-output farming systems from the era of pre-industrial land use 
(such as extensively managed meadows and pastures, dwarf scrub heaths, 
segetal coenoses). In addition, most animal populations have seriously de­
clined, among them fish (of which 71 % are endangered or extinct in Ger­
many), amphibians (58%), reptiles (75%), birds (51 %) and mammals (53%), 
but also insects (BfN 1996). Additionally, a higher degree of mobility influ­
ences the remaining stretches of landscape that have retained their natural 
character. Society in the developed countries is characterized by a wide­
spread lack of environmental consciousness and behavior. Lifestyles and 
consumption patterns become increasingly detached from nature. Ignorance, 
carelessness, and growing needs, cause even greater damage. 

In a similar manner, Vos and Meekes (1999) identified the following 
partly overlapping stages of cuIturallandscape development in Europe: 

Naturallprehistoric landscape (from Paleolithic till ancient Greek 
times): humans used nature for many 100,000s of years as a bran-tub for 
hunting, harvesting and cutting wood. Traces of these societies are locally 
found as graves or wall paintings (Lascaux: 15,000 BC; Altamira: 13,500 
BC). Antique landscape (from ancient Greek times till early mediaeval 
times): Local relicts are dispersed over Europe (e.g. Stonehenge in England: 
c. 2,800 BC, see Figure 7.8-5 Chapter 7.8). Around the Aegean Sea the 
flourishing Minoan culture developed (e.g. Troy and Mycene from before 
2,000 BC; Knossos on Crete from c. 3,000 BC, Figure 4.1-4). 

Ploughs were applied from at least the end of the Neolithic period while 
ce real cultivation spread widely. Gradually nearly the whole Mediterranean 
area became cultivated, and although less intensive, also large parts of Cen­
tral and NW-Europe. Field patterns from c. 700 BC on (like the Celtic fields) 
have been found on many places in NW Europe, together with remnants of 
settlements and graves. Vineyards, citrus groves (introduced by Alexander, 
c. 338 BC), olive and chestnut groves, terracette complexes, etc. are - still 
today - prominent inherited attributes of many southern landscapes. 

Medievallandscape (from early medieval times till Renaissance): In this 
feudalistic period, the layout of the European landscape was gradually COffi­

pleted. The landscape was exploited either by farmers (private, as tenant of 
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common lands), or by nobility or cIergy. Extensive infrastructures and facili­
ti es like terracettes, stone walls, hedgerows, dams and canals were made to 
control an environment that was perceived as being hostile. 

Figure 4.1-4: Naturallandscapes were developed and changed by human activities already in 
antique fimes: Karinth al1d Acrokorinth (Greece) (Photo: 0. Bastian J 991) 

Traditional agriculture landscape (from Renaissance till 19th century, 
somctimes till today): Thc landscape became multifunctionaHy managed by 
farmers, mainly in mixed agriculture systems, integrating forests and tree 
pastures (e.g. for forest grazing, charcoal burning, fire-wood, timber, manUf­
ing, and alI kinds of utensils), rough grazing lands (e.g. heathlands, phry­
gana, garriques), water systems (e.g. for irrigation, fertilization), etc. 

Figure 4.1-5: Straw dolls were symbols 0/ the traditional agricultural landscape; they van­
ished in most parts 0/ Europe in the middle 0/ the 20th century: Cereal jields near Moritzburg 
(Saxony, Germany) (Photo: 0. Bastian 1988) 



0. Bastian 175 

Well-established regionally differentiated land use systems developed 
that became the engines behind most of Europe's characteristic culturalland­
scapes (Figure 4.1-5). Local problems from extreme conditions (water, 
snow, and drought) were solved with local means. Examples are the Dutch 
dike-system in eombination with windmills, developed from late medieval 
times and without which, half of The Netherlands would still be sea. In gen­
eral, these traditional land use systems reached their optimum in the second 
half of the 19th century. At that moment, livestock had becomc the most im­
portant commodity, not only because of the value of meat, milk, wool and 
hides, but also for manure, animal power, transport, etc. (Figure 4.1-6). 

Figure 4.1-6: Before introdueing traetors. draught-horses (and eows) were used for the work 
in the field: A team while ploughing (Upper Lusatia, Saxony, Germany) (Photo: 0. Bastian 
1999) 

In many cases these systems kept a balance between population numbers 
and farm production, thus achieving sustainable exploitation of local re­
sourees for long periods. However, catastrophes, periodic overpopulation 
and effects of wars and epidemies also occurred. Recently, once wide­
spread traditional land use systems and their landscapes have declined rap­
idly in extent because of economic inefficiency: Such landscapes include 
the dehesas and montados, the Alpeggio and other high pasture systems, the 
Dutch peat polders, the terraced Mediterranean "coltura promiscua", the 
grazed fmit chestnut landscapes, the charcoal coppice landscapes, the Nordic 
mixed farming mountain landscapes, thc bocage landscapes, the estuarine 
landscapes, the coastal wetlands (Maremme, Camarque) and Aegean and 
Dalmatic islands with fisherman settlements, and all kinds of local land­
scapes, such as the "trulli" landscapes ofPuglia. 
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Industrial landscapes (mostly from mid-18th till mid-20th century, in 
many places till today): Much ofthe productive land became monofunction­
ally oriented, with bulk biomass production, onto distant markets (towns). In 
this industrialization stage, with its specialization and spatial segregation 
(monocultural fields, production forests, and closed nature reserves) much of 
the land became alien to the major part of society. The landscape became a 
"landscape at-a-distance", dominated by extern al markets and centralized 
planning control. 

4.1.3 General roles of landscape development 

Over the long period of human induced landscape change, there are some 
characteristic fundamental trends (Bastian and Bernhardt 1993): 
1. In the last few thousand years, landscape changes in Central Europe have 

been brought about almost exclusively by material and technological ad­
vances, and social developments. 

2. Each principal stage in the process has been initiated and accompanied 
by a radical innovation in means of production. The changes affect essen­
tial characteristics ofthe landscape that become relevant to society by 
diminishing or enhancing its potential. 

3. The periods oftime occupied by each ofthe main stages in Central 
Europe have become successively shorter (5,000-6,000 years; c. 1,000 
years; c. 100 years; 50 years), i.e. an almost logarithmic sequence. 

4. The acceleration in the pace of human intervention makes it difficult for 
natural processes to stabilize and the landscape (balance) to reach equi­
librium. As a result, the interaction of landscape factors, and the land­
scape balance as a whole, has been subjected to destabilization at an in­
creasing rate. 

5. Human intervention and innovation, in the course ofhistory, has diversi­
fied and spread to almost all elements ofthe landscape and its potentials. 

6. At first, environmental degradation was only local and limited. It spread 
to larger regions, and has now reached global dimensions. 

7. Changes in quality in the form of conspicuous landscape transforma­
tions, are normally preceded by "creeping" and invisible quantitative 
los ses (e.g. in the vitality of forests before visible emission damage oc­
curs). 

8. Human induced landscape changes involve all landscape components, 
but to a different extent. The most dramatic response can be expected 
from the biotic components (flora, fauna, biocoenoses). 

9. The intensity of land use, and the ecological effect is continuously rising, 
with technogenic elements and largely homogenized farming areas now 
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dominating in many regions. At the same time these "useful" ecosystems 
became detached from their natural roots. 

10. There has been a rapid increase in the proportion of landscapes which 
have suffered from irreversible change. 

11. Different landscapes with different assets react differently to the same 
type of human activity as reflected in various degrees of buffering and 
stress capacity. 

12. Even though a number of promising attempts have been made to con­
serve nature (see Chapter 7.7), human intervention continues to be spon­
taneous to this day. There is a growing risk of disturbance and break­
downs, however, as these influences are allowed to become more fre­
quent and complex. 

4.1.4 Current trends 

Current trends in European landscapes are related to the following major 
changes in land use (WLO 1998): 

intensification, mechanization and overdevelopment in agricultural use -
especially in North-westem Europe - accompanied by marginalization, 
land abandonment and underdevelopment in Southem Europe, 
urbanization, increasing infrastructural networks, intensification of trans­
port and recreation, 
environmental and ecological stress resulting from, for example, eutro­
phication, chemical pollutants, acid deposition, falling water tables and 
habitat degradation 
promising experiments and initiatives in nature conservation, nature de­
velopment and ecological farming. 

Our so-called postmodern landscapes represent the culmination of dra­
matic changes in production and information technology as weil as by de­
mands from society. The economic base of the landscape household is also 
completely transformed. Land use profits in one region are expanding spec­
tacularly, but diminish equally spectacularly in other regions (Vos and 
Meekes 1999). 

Today, landscapes are strongly influenced by the ongoing globalization 
process: 

economic globalization caused in the interdependence oftrade and mar­
kets, 
globalization of communications, and 
almost complete globalization of the aspirations towards a common un­
achievable lifestyle. 
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Consequences of globalization imply the appearance of new invasive 
species and pathogens, and particularly a total disruption of previous land 
uses and landscape boundaries. The trends of such landscape modifications 
can go towards a further and excessive use of natural resources leading to 
deforestation and desertification, or conversely towards the abandonment of 
fertile agricultural lands because of economic imperatives of lack of com­
petitiveness ("human desertification"). In any event, the face ofthe earth will 
change in a few decades, much before the likely appearance of the human­
induced climatic global change (Di Castri 1995). 

Because of ongoing influences from unsustainable land use, the margin­
alization of agriculture, the almost free availability of energy and nutrients, 
and the complexity of structures and processes, together with their global 
interconnection, the landscape has increasingly lost its significance as a re­
flection of the human society of a particular region (Muhar 1995). The socio­
cultural identity of landscapes as a source of inspiration for aesthetic, educa­
tional and scientific information and a healthy environment for living is de­
generating rapidly. Concurrently, long-term economic potential is being 
negatively affected by short-term decisions. The loss of potential use is di­
rectly connected to the unsustainable exploitation of natural resources 
(WLO 1998). The development of our "shopping society" with its multiple 
demands resuIts in our postmodern landscapes in a mosaic of different land­
scape types. These display different intensities and styles of control (high -> 

low) whose products are all desired by society (Vos and Meekes 1999): 

- industrial production landscapes: landscape as an industry, 
overstressed multifunctionallandscapes: landscape as a supermarket, 
archaic traditional landscapes: landscape as a historical museum, 

- marginalized vanishing landscapes: landscape as a ruin, and 
- natural reliet landscapes: landseape as a wildemess. 

Whereas, positive perspectives for the future of cultural landseapes of 
Europe are based on the following observations (Vos and Meekes 1999): 

I. A rich and stable society demands a broad spectrum of landscape func­
tions from our landscapes, including primary production, nature, recrea­
tion, and housing. 

2. Many farmers move towards multifunctionality, including landscape 
management, when they gain profits from it. The spectrum of farming 
and management styles, includes those that call themselves "ecological", 
"biologieal", "integrated", "biological dynamical" or "organic" has never 
been broader all over Europe (see Chapter 7.5). 

3. There is a growing political and public engagement with a "healthy" 
countryside as part of regional cultural heritages. 
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4. These developments coincide with a shift towards decentralization and 
denationalization, which favors a "Europe ofthe regions" with their own 
cultures, products and landscapes. 

4.1.5 Landscape change in different European regions 

Although landscape changes follow common regularities in different re­
gions, there are many specific peculiarities: different landscapes with differ­
ent resources and potentials react in a variety of ways to the same type of 
human activity. The trends differ between Western, Eastern (and Southern) 
Europe. They also vary considerably between countries within a regional 
group, and between regions within a single country (Krönert et al. 1999). 
There are also different environmental impacts (with regard to nature and 
intensity) with each locality. A number of comparative locality studies are 
required to identify the causes of the varying characters of landscape 
changes. Such aseries of studies was realized by the project EUROMAB 
(Krönert et al. 1999, Ryszkowski and Balazy 1992). 

Generally, in favorable areas an increasing intensification of agricultural 
production takes place, connected with population increase (concentration) 
and improvement of infrastructure (e.g. for traffic); in less favorable areas 
extensification, withdrawal, or even total land abandonment and exodus of 
the population occur, the so-called marginalization. Certainly it is needless 
to say, that landscape changes are not limited to Europe, but they are a 
common phenomenon throughout the worId. 

Figure 4.1-7: Marginalization (land abandonment and population exodus) of less favored 
regions is a widespread phenomenon today: Medilerranean landscape, isle of Cres (Croatia) 
(Photo: 0. Bastian 2001) 
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Land abandonment is the most conspicuous process, coupled with de­
velopment in most industrialized countries. Among the huge number ofpub­
lications from many countries, only some examples can be mentioned: Fa­
rina (1998) in Italy, Brandt et al. (1999) in Denmark, Mander and Palang 
(1999) in Estonia, Bacharel and Pinto-Correia (1999) in Portugal, Kamada 
and Nakagoshi (1997) in Japan. Generally people move from the uplands 
and bad lands to lowlands and industrialized areas. The landscape dominated 
by human use over many millennia is abandoned and a secondary succession 
modifies vegetation cover and consequently animal assemblages. In particu­
lar across the Mediterranean land abandonment, especially on mountain 
ranges, has been very common and widespread over the past 50 years (Fig­
ure 4.1-7). One relevant consequence is the change in landscape mosaic ow­
ing to woodland resurgence. 

Another group of studies focuses on the ecological consequences of po­
litical changes in former communist countries (e.g. Bastian 1991 a, Bartos et 
al. 1994, Csorba 2000, Cudlinova et al. 1998, Krönert 1999, Lipsky 1995). 
Changes of land ownership, economic conditions (trade, markets, and subsi­
dies), technological possibilities, and awareness are relevant factors. 

4.1.6 Investigation of landscape changes 

Principal questions in research on landscape changes are according to 
Bastian (1999a) e.g.: 

Their speed from t l to t2• What is the temporal distance between the 
causes and the effects of changes? 

- The spatial dimension of changes. At which level of ecosystems or land­
scapes do the changes take place and are they ecologically significant? 
Are the changes locally bound, singular cases or widespread common 
phenomena? 

- The reversibility or irreversibility. Are the changes reversible? Ifyes: at 
what expense and over what period oftime? 
The acceptance of changes by society. 

The following working steps for the investigation of landscape changes 
are proposed (Bastian 1999a): 

1. choice of forms of change, and of suitable methods for analyses/ diagno­
ses/ evaluations, necessary indicators and representative test areas, 

2. collection of historical and actual data (for tl and t2), 

3. interpretation of current social and economic changes with regard to eco­
logical conditions and landscape functions (see Chapter 5.2), 

4. identification of driving forces and effective mechanisms/ causal connec­
tions, and 
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5. identification oftrends, prognoses, and management for future landscape 
development. 

The scope of investigations about landscape changes may range from a 
limited number of landscape components, wh ich have an indicator value suf­
ficient to reflect the condition of the ecosystems concemed, to comprehen­
sive surveys of landscape development covering a variety of phenomena and 
interactions. The most promising approach to deal with a multitude of vari­
able landscape features is limited to a few meaningful indicators. One of 
these is land use (land cover), which is so significant because it is involved, 
directly or indirectly, in all the demands society makes on nature. Land use 
data can provide information on the status of the biota within alandscape. 

As a case study, for the "Kleine Spree" floodplain (biosphere reserve 
"Upper Lusatian Heath and Pond Landscape", Saxony, Germany) selected 
land use types (forests, grass land, arable fields, settlements), and landscape 
elements (standing and running waters, paths and roads, single trees, groups 
oftrees, woodlots and hedgerows, and the borders between different land use 
types) were analyzed for four periods (points in time: 1825 - 1884/86 - 1936 
- 1987/91) with the help of digitized topographical maps 1:25,000 (Figure 
4.1-8). Extent and speed of changes increased more and more, and the most 
important differences could be established between the last two phases (1936 
- 1987/91). The intensification of agriculture is regarded as the main cause. 

All land use types and most of the landscape elements are affected (Table 
4.1-1). Generally, the size of patches (e.g. parcels of arable fields: from 2.5 
ha in 1825 to 14.0 ha in 1987) increased, and the number of landscape ele­
ments, edges (ecotones), and therefore landscape heterogeneity decreased. 

Table 4.1-1: Land use changes in (he "Kleine Spree" jloodplain (ha/%) (from Schulze in Bas-

tian 2000a) 

phases (points in time) 1. 2. 3. 4 
land use tYEe 1825 (100 %) 1884/1896 1936 (1987/1992) 
forests/fenwoodsl 76/?/8 (~ 84) 31 /10/32 84/?/24 81/19/20 
coppices (87 %) (129 %) (143 %) 
grass land 1 moist grass- 354/88 (~ 374/64 431119 265/59 
land 442) (90 %) (102 %) (73 %) 
arable fields 237 227 (96 %) 181 (76 %) 307 (130 %) 
settlements: buildings 1 2 1/8 (~ 29) 25/8 (114 %) 27/10 (128 %) 38/7 (155 %) 
gardens and open spaces 
standing waters ~Eonds) 188 ha 208 (111%2 201 (107 %2 170 (90 %) 

Special attention was given to the running waters themselves ("Kleine 
Spree" river, tributary rivulets and ditches). With a special method (accord­
ing to Giessübel 1993, modified for topographical maps), thc naturalness of 
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water bodies morphology was assessed. Step by step, a decrease of "natural 
and only slightly impacted" sectors (of running waters) took place 1825: 
71% -+ 1884/86: 58.5% -+ 1936: 33% -+ 1987/92: 16%). Morphological 
changes are: straightening and canalization (reclairnation), construction of 
weirs, creation or removal of ditches and riparian woods (Martin 2000). 
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Figure 4.1-8: Land use 
changes in the "Kleine 
Spree" jloodplain (Saxony, 
Germany) (jrom Schulze 
/997 in Bastian 2000a) 

The comparison of topographical maps, however, conveys an incomplete 
picture of landscape changes only. Information on land management has to 
be included. The consequences of high er land use intensities (e.g. applica­
tion of fertilizers, biocides, irrigation, drainage, reduction of crop diversity -
vanishing flax, millet, buckwheat; soil compaction, surface sealing) must not 
be ignored. Furthermore - apart from subjective aspects of mappers - there 
had been different mapping instructions for the map series (e.g. for the regis­
tration of linear woods, borders between elements like swamps, reeds, wet 
and fresh grassland). 

Extensive research concerning sm all biotopes and their pattern in Danish 
agricultural landscapes has been done by Brandt et al. (1999). Small biotopes 
are an integral part of the agricultural land-use system. In many ways 
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changes in small biotopes reflect changes in agricultural land use. As a con­
sequence, small biotopes may be used as indicators. From the 1960s on­
wards, the industrialization of agriculture had been accompanied by a tre­
mendous decJine in most types of sm all biotopes, resulting from the estab­
lishment of larger fields on holdings of rapidly growing size and supported 
by a widespread tendency towards mono-cropping, especially of barley. 
However, over the last 15 years, this trend has been reversed . A stabilization 
first observed at the beginning of the 1980s has been followed by aperiod of 
increase, which seems to be continuing during the 1990s. 

For a number of years, geographers and particularly landscape ecologists 
have described vegetation as a main ecological feature ofthe landscape (see 
Chapter l.2.4). Vegetation is the most conspicuous biotic component; it cov­
ers most ofthe earth's continental area but also grows in the aquatic regions 
and even in the oceans. Along with the fauna and the water balance, it is 
among the most unstable variables in geosystems and therefore one of the 
easiest to alter. 

Changes of vegetation diversity concern most parts of the world. These 
changes are visible at different levels of vegetation organization, e.g. in the 
local flora, in the species composition of plant communities, in the list of 
local phytocoenoses (typological richness), and in the spatial distribution of 
vegetation units (Soion 1998). 

The problems of vegetation changes can be analyzed from different 
points of view. Among others, the following aspects seem to be most inter­
esting (Soion 1998): 

the changes of potential natural vegetation (which is defined as the vege­
tation representing the present abiotic site conditions including all essen­
tial irreversible changes) as a manifestation of abiotic environment dy­
namics, 
the changes of actual vegetation and the influence of land llse upon the 
vegetation structure (decrease or increase of naturalness), and 
the changes of biodiversity. 

By drainage of agricultural areas the groundwater level is lowered and, 
thus, the potential natural vegetation on hydromorphic sites changes. Po­
tential riparian forests vanish in consequence of casing rivulets. In a Saxo­
nian test area, almost all bogs got lost as sites of alder swamp forest. Moist 
oak forests (Molinio-Quercetum) are affected and tend to develop now to­
wards drier variants. There are also modifications of the potential natural 
vegetation callsed by nutrient inputs due to emissions (Bastian and Röder 
1998). 

Comparisons of vegetation records at different times (if available) offer 
compelling evidence of long-term ecological change. As a consequence of 
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intensive agricultural use, profound changes in grassland vegetation oc­
curred in most parts of Central Europe during the last 30 years. Completely 
new types of intensive grass land developed. Up to the early 1970s, in test 
areas of Saxony (Germany) "semi-natural" meadow communities rich in 
species dominated. These types showed a clear succession of soil-moisture 
stages. Intensification and amelioration leveled site differences, resulting in 
relatively uniform grasslands. The rapid decline in diversity may be less at­
tributed to the disappearance of species than to the large-scale displacement 
of diverse meadow communities by monotonous types of grassland. The as­
sessment of grass land types in a test area in the Saxonian lower mountain 
region (Gerrnany) between 1957 and 1994 shows the following develop­
ment: While all meadows had highest habitat values (they supported a high 
biodiversity) in 1957, by 1994 almost all plots had deteriorated or had be­
come arable fields (Bastian 1999a, Bastian and Röder 1998). 

Over the past decades also arable land, has been subjected to intensified 
cultivation and thus to profound changes in its spontaneous vegetation. 
These changes refer to both the range of species and the dominance of cer­
tain wild field plants. According to Hilbig (1987) and Schlüter et al. (1990), 
there has been a general decline chiefly in such species which 

- do not survive deep tilling and herbicide application, 
- settle on extreme sites such as limy, acid, poor, or shallow soils, 
- no longer find the necessary soil moisture after draining, 
- grow mainly on stubble or fallow fields and disappear because ploughing 

is now common immediately after harvest, 
- are associated with ever more rarely grown special crops (e.g. flax), 
- were found mostly in smalI, low-yielding fields that were difficult to cul-

tivate, and thus have been transformed into grass land or forest. 

The intensified use of agricultural land and increased environmental 
stress has consequences for the entire surrounding landscape including for­
ests. Chiefly small woods are exposed to direct impacts from adjacent farm­
land. Nutrient input from fruit-plantations into small wooded valleys within 
a large fruit-growing area south of Dresden (Saxony, Germany) has led to a 
considerable increase in eutrophication of near-natural deciduous forests. 
The floristic impact is realized via an increase in abundance of nitrophilous 
herbaceous plants along woodland fringes on the plateaux and of ruderal 
species in woods on the upper slopes of the smaller valleys (Bastian 1987). 

In addition eutrophication effects appear to have extended to larger forest 
areas. In secondary spruce and pine forests in Western Lusatia (Saxony, 
Germany), more than 40 years ago, the herbs and moss layers were domi­
nated by acidophilous plants. These indicators of poor soils and raw humus -
first of all many mosses and lichens but also Vaccinium myrtillus and others 
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- declined sharply. However there has been an increase in species associated 
with higher substrate fertility. Typically, these changes begin at the edges of 
forests and then extend gradually into the stand. A similar effect is produced 
by the thinning of secondary coniferous forests resulting from the injurious 
effect of pollutant deposition. Increased incidence of light and airborne nu­
trients also accelerate the decomposition of forest litter and raw humus. This 
increases nutrient availability wh ich in turn prornotes the establishment and 
persistence of nitrophilous, herbs and grasses (Bastian 1987). 

The comparison of vegetation records with the help of Ellenberg's indi­
cator values (Ellenberg 1979, see Chapter 3.2.3) shows interesting results, 
as weil. For example, the average pH-value of arable fields in the Moritz­
burg small-hill landscape (north of Dresden, Saxony, Germany) has risen 
from 4.4 in 1963 to 5.8 in 1984. This corresponds to a shift in the pH-value 
of the topsoil from lightly acid to almost neutral. An increase in the average 
nitrogen index from 5.1 to 6.2 indicates a general rise of the trophic level 
(Bastian 1986, 1987b, Figure 4.1-9). In this test area, dry hilltops not suited 
for agricultural use often bear small stands (about 0.3-5ha) of pines, oaks, 
hornbeams, and birches. The pH-value of these woodlots rose from 3.6 to 
4.4, the nitrogen index from 4.0 to 4.7. As there has been no intensification 
of forest exploitation, nutrient input from the adjacent fields, above all by 
air-borne fertilization, must be taken into account in addition to the general 
atmospheric pollution by industrial emissions. 
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Figure 4.1-9: Average changes 0/ soil properties in arable fields (Moritzburg small-hill land­
scape. Saxony, Germany) between 1961 and 1984, established with the help 0/ vegetation 
records (method%gy according to E//enberg 1979) (jrom Bastian 1986, Bastian and Röder 
1998) 
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4.2 Landscape monitoring 

4.2.1 Definitions and a short survey 

With regard to the fast ecological changes on earth, and growing envi­
ronmental problems, the importance of a scientifically sound and systemati­
cal monitoring as a tool of environmental protection is more and more ac­
knowledged (Worid Commission 1988), since many tendencies in nature and 
environment can be grasped and predicted only by long-term observations 
and measurements. 

Monitoring is defined as a system of observations of changes in the eco­
sphere, being influenced by human activities. It contains according to Vahr­
son (1998): 

- the observation of factors influencing our natural environment, 
- the assessment ofthe actual environmental situation, and 

the prognosis and assessment ofthe further development (future changes) 
of nature and environment. 

Long-term ecological research (LTER) has so far no tradition, (not only) in 
Germany. This follows from the emphasis on funding short-term research 
work. This is c\osely connected to our apparent bias for experimental stud­
ies, deeply founded upon our persuasion that "serious science" requires ex­
periments. Only a weIl designed combination of experimental and observa­
tional approaches based on a conceptual model will produce a tangible 
L TER results in theory and it's application (Haber 1989). 
Several environmental programs of the United Nations (UNEP, MAB) try 
to record global changes. One example is the Global Environment Monitor­
ing System (GEMS) of UNEP with its air, food, health, water and radiation 
sections. To a large extent, international activities are poorly coordinated 
hence monitoring initiatives operate largely in isolation. There are also sev­
eral programs embracing a number of European countries, e.g. the German, 
Dutch and Danish "Tri lateral Monitoring-Concept for the Waddensea" (tidal 
shallows). While many different organizations advocate integrated trans­
boundary monitoring ofa range ofindicators, implementation has been slow. 
This reflects the complexity of so me indicator systems, their high cost and 
lack of political enthusiasm. 

National programs are (in Germany): the so-called "Umweltprobenbank" 
(environmental sampie bank), the air quality network (measuring air pollu­
tion), monitoring of forest damages and plant and animal population trends, 
the "Integrative Ecosystem Monitoring" (see Chapter 4.2.3). 

Tasks of an environmental monitoring program are (Müller 1996): 
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to check important environmental parameters, 
to provide data for environmental assessments, 
the early detection (diagnosis ) of environmental impacts and changes, 
to sampIe basic data for environmental reports, 

- to inform political decision making, 
- to take care of protection against unfavorable changes, 

to predict the future development of the environmental situation, and 
to measure the performance of environmental protection me:asures. 
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Sectoral monitoring programs are carried out e.g. by the meteorologi-
cal service: weather, radioactivity, phenology, radiation, ozone, vegetation 
cover (by NOAA-satellites), Global Atmosphere Watch. Other programs are 
related to waters, e.g. the water-bearing and quality of rivers, lt~vel and qual­
ity of groundwater. The soil monitoring program covers biological, chemical 
and physical soil parameters (e.g. contents, inputs, outputs of matters, com­
paction, and erosion). Monitoring programs were developed ,especially for 
the area of nature conservation. The Fauna-Flora-Habitat-Convention (FFH) 
implies the obligation of all members of the European Community to re port 
on the preservation of protected areas of the "Natura 2000"-network in inter­
vals of six years (see Chapter 7.7). 

Integrative monitoring concepts should help to recognize the environ­
ment as a system with abiotic and biotic influences. They should aim to par­
tition spatial and temporal variance between natural as well as anthropogenic 
drivers of ecosystem change. Monitoring should therefore operate at large 
scales over long periods .. 

The fundamental demands on sector-embracing ecological monitoring 
concepts are (Vahrson 1998): 

complex approach considering the different environmental media and the 
ecosystem as an entity, 
choice of representative sampIe sites, ecosystems and plots, 
intelligent organization of data sampling, exchange and combination, 

- statistically based sampling and analysis, 
- systematical data sampling and documentation, continuity of observa-

tions, and comparability of applied (standardized) methods, 
efficient data processing, the application of Geographical Information 
Systems (GIS) for the documentation and updating ofharmonized data 
banks (see Chapter 6.2), and 
national and international cooperation. 

Landscape monitoring deals with the observation, assessment and 
prognosis of the ecological situation of landscapes with special reference to 
the consequences of human activities. Spatial structures in the chorological 
dimension, such as fragmentation, neighborhood-effects, distances, relation 
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of edge to area are of crucial importance. Whereas most monitoring pro­
grams have a strong sectoral orientation or try to grasp very small-scaled 
processes in the topological dimension, alandscape monitoring should ana­
Iyze landscape changes in an integrative manner on a medium scale (choro­
logical dimension). Special attention should be given to the registration of 
landscape structures, processes and patterns (Vahrson 1998). 

4.2.2 Remote sensing maps and other tools 

Satellite remote sensing has al ready found wide application since land­
use changes are fairly easy to identify when records from different years are 
compared (multitemporal image analysis). Remote sensing is an excellent 
tool for identifying regions with rapid changing land uses that should be 
monitored on a systematic basis (see Chapter 6.3). 

The CORINE Land Cover Maps (1: 1 00,000, based on visual interpreta­
tion of Landsat-images) provide a suitable data basis for the identification of 
44 land cover categories in Central Europe. In addition, repeated recording 
of biotope type and land use maps on the basis of airborn color-infrared 
images (CIR, scale 1 :10,000) can be utilized. This exercise can be combined 
with the selective mapping of valuable biotopes (scale of the maps: 
1 :25,000). Also topographical maps, which are updated from time to time, 
can provide valuable information. 

Recent advances in computer technology (high-resolution scanners, 
global positioning systems, digital photogrammetry, digital image­
processing and GIS) opened new possibilities for the extraction of quantita­
tive vegetation data from aerial photographs (see Chapter 6.3). Carmel et 
al. (1999) developed a generic approach, based on image processing of his­
torical aerial photographs with a GIS environment, for measuring, analyzing 
and modeling long-term patterns of vegetation dynamics on landscape scale 
and tested it on the example of case studies from Mediterranean and desert 
ecosystems. The approach enables analysis of vegetation dynamics at a 
combination of spatial resolution (10-50 cm), spatial extent (1-50 km2) and 
temporal scales (10-50 years) that was not possible before. Currently, aerial 
photographs provide one of the best sources of information available for re­
search of long-term vegetation change. 

4.2.3 Environmental monitoring in biosphere reserves 

For comparable monitoring programs and activities the world-wide net­
work of biosphere reserves is especially suitable because this type of pro­
tected areas (UNESCO 1995, Figure 4.2-1): 
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covers most ofthe typical ecosystems ofthe earth, 
includes a gradient of different intensities of land use, 
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contains areas which are influenced by human utilization and threats but 
also strictly protected areas, 
guarantees a long-term protection by law, 
has own authorities and a scientific staff which are able to organize pro­
tective, research and monitoring activities, 
has the special task for public relations work, 
favors the exchange of data due to the membership in national and inter­
national working groups / expert teams / organizations. 

Figure 4.2-1: For comparable monitoring programs and activities the world-wide net 0/ bio­
sphere reserves is especially suited: Part 0/ the biosphere reserve "Upper Lusatian Heath 
and Pond Landscape "(Saxony, Germany) (Photo: 0. Bastian 1999) 

Arecent phase in the development of ecosystem research within the 
MAB-program, has been the implementation of a pilot project centred on the 
German biosphere reserve "Berchtesgaden" in the Alps the "Conception for 
an ecosystemic environmental observation - pilot project for biosphere 
reserves" ("Integrative Ecosystem Monitoring" = "Ökosystemare Umwelt­
beobachtung" - ÖUB) (Schönthaler et al. 1997, Figure 4.2-2). The aim is a 
harmonized, comparable environmental monitoring program which consid­
ers the complexity of ecosystems, and which is oriented towards global, na­
tional and regional problems. Essential characteristics are: 

parameters based on l. models, 2. data, 3. questions (problems), 
creation of a core data set which can be applied to all biosphere reserves, 
analysis of matter balances and flows by an ecological balance model, 
propositions for a unified spatial reference, and 
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framework (guiding principles) for the elaboration ofregionalized obser­
vation programs. 

INPUT 

matter, energy, 
labour, transport 

supraregional threats / 
immissions 

precipitation, inflow, 
need of water 

sediment inputs 
(content of matters) 

climatic regulation 

Model sectors 

5 plants 
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L,~" tion into new 

'--____________ ---'f""'7JP biomass, increase in 

6 animal and man 
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stocks of animals, 
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animals, hunting, 

detritus 
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inflow regime and load 
with materials 

biom ass, harvest of 
plant production, 

7 soil 
decomposition of detritus, 
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from 
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loads in the lower parts 
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Figure 4.2-2: Sectors ofthe balance model. The total calculation (Model sector MS 1-8) is 
carried oul for every ecosystem in the test area; finally the water model (MS 9) is calculated. 
The inputs and outputs shape the material-energetically network regulating the ecosystem and 
connecting the whole landscape system, their intensities, dynamies, reaches and balances 
describe the natural balance of the analyzed area and its stability and vulnerability 10 poten­
tial damage and external regulation (from TLW 1994, modified) 
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With the model oriented approach, hypotheses for causalities are drawn 
up and verified afterwards in test areas with ecosystems of different types. 
This way the parameters regulating ecosystems can be recognized. Some of 
them can be used as indicators and be separated from others that are not 
relevant. The data oriented approach guarantees that only such variables 
are considered in the balance model, which can be ascertained anyway. The 
result is a collection of data sampling methods for specific sectoral research 
branches and for current routine measuring programs. The problem ori­
ented approach supports the elaboration and establishment of regional 
monitoring programs. On the one side, regionally important parameters are 
selected, on the other side, questions and problems being important for the 
each region are identified. 

4.2.4 The "Ecological Area Sampling" (EAS) 

In Germany, the "Ecological Area Sampling" (EAS) was developed as a 
new tool integrating data on nature and landscape structures and their devel­
opment. For the first time data will be collected in a systematic, representa­
tive and periodical manner across the entire national sampling domain 
(Hoffmann-Kroll et al. 2000, Sei bel et al. 1997). EAS should be integrated 
into the "Environmental Economic Accounting" (EEA). EEA provides in­
formation from a national point of view both for the pressures of economy 
on the environment and for responses to improve the environmental condi­
tions. 

For EAS, data on the landscape quality, the biotope quality, and the oc­
currence of species in biotopes are collected in periodically monitored sites 
that were selected at random. EAS can be divided into two levels (Figure 
4.2-3). At the first level, indicators of landscape quality (Table 4.2-1) and of 
biotope quality are covered for the sampIe units (size I km2 ) . For this pur­
pose, aerial photographs are used to determine the biotopes existing in a 
given sampIe area. Subsequently, the landscape is examined (through a field 
survey) and the biotopes checked for their coverage or, where necessary, 
further specified by means of a biotope classification comprising some 500 
items. Moreover, the field survey allows the coverage of small biotopes that 
are not visible on aerial photographs. For important biotope types, the field 
survey also serves to cover additional variables on the biotope quality. The 
results of aerial photograph interpretation and field survey then are digitized 
and stored in a GIS (Arc/Info). Subsequently the data are raised to higher 
levels such as land c1asses (see below) or biotope types. Results are evalu­
ated both for the overall areas of the sampIe units concerned (landscape 
quality) and for individual biotope types (biotope quality). 
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Cluster analysis of abiotic parameters CORINE Land Cover 
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Chapter 4 

Figure 4,2-3: Scheme 01 the Ecological Area Sampling (EAS; Irom Seibel et ai. 1997, modi­
fied) 

At the second level, these results are supplemented by an analysis of the 
species (plants and some groups of animal species) existing in randomly se­
lected subsampie units within the sampie areas ofthe first level. 

Only when landscape quality and biotope quality (level I) are linked with 
the stock of species in biotopes (level II) it will be possible to achieve a sat­
isfactory assessment of the ecosystem quality with regard to its physical 
structure, as is planned for the indicator system. 
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Table 4.2-1: Indicators ojlandscape qua/ity in agricultural patterns ([rom Seibel et al. 1997) 

item 

cultural impact / intensity 
ofuse 

structural diversity 

rarity / threats 

indicator 

artificiality 
soil sealing 
risk of erosion of arable land 
fragmentation 
biotope diversity 
plot size of agricultural areas 
elements with linear features 

- small biotopes 
- spatial distribution of structural elements 

occurrence and spatial distribution of threatened biotopes 

Since the appearance of landscapes and the occurrence of species heavily 
depend on the local land conditions, a classification of Gerrnany into 28 land 
classes was developed; each of these land classes is characterized by a 
largely homogeneous natural composition (regarding geology, climate, soil, 
hydrology and morphology). For each group of biotope types, specific forms 
of survey were designed. Primary data to be collected are number of species 
per plot, degree of soil coverage, height and number of vegetation layers, 
total degree of soil coverage and species belonging to the layers. 

For the faunistic study, groups of species were selected on the basis of a 
catalogue of criteria (indicator value, time required for investigation, feasi­
bility, acceptance). Among the invertebrates, these groups are butterflies, 
dragon flies, locusts, carabid beetles and water molluscs, while among verte­
brates the birds and amphibia were chosen. 

4.2.5 Other examples 

In Denmark, a monitoring approach was developed for agricultural land­
scapes involving the classification and mapping of small biotopes (see 
Chapter 4.1 .6). The main purpose of the "Agricultural Landscape Moni­
toring" in Estonia (Sepp et al. 1999) is to define changes in land use struc­
tu re within different types of agricultural landscapes (intensive and extensive 
land use). The conception is based on the connection between landscape 
structure indicators and the characteristics of the ecological status of agricul­
tural landscapes (soil micro-organisms, number of earthworms, pollinators), 
as weil as compensating elements (woods, wetland and sem i-natural mead­
ows, heaps of stones, stone fences, ecotones). 

The German concept for a "National Monitoring of Ecological Effects 
of Agriculture" (Geier et al. 1999) contains a set of indicators which are 
related to 15 spheres of environmental effects: biodiversity, landscape scen­
ery, soil functions, drinking water quality, eutrophication, acidification, 
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green-house effect, consumption of resources, ecotoxicity, human toxicity, 
nuisances caused by smell, suitability for animals, diversity of crops and 
domestic animals, ozone breakdown, use of genetically modified organisms. 

The "Landscape monitoring concept of the Saxon Academy of Sci­
ences", alluded to above, will be repeated at in regular intervals, in hierar­
chically chosen test areas (Iocal, regional, country level), such landscape 
characteristics shall be investigated that essentially regulate landscape bal­
ance and functionality. For the assessment, landscape functions (see Chapter 
5.2.) are determined. These functions will be tracked by specially designed 
quantitative indices, which are sensitive to small magnitude changes in eco­
system properties. Both assessment results and monitoring indices shall inte­
grate the multitude of different data, in order to enable a compatible and reli­
able set of scientific statements to be made as a basis for landscape-related 
decision-making. The choice of methods considers the changeability of data 
and landscape characteristics on the one hand and the suppression of possi­
ble artifacts in measuring and computing over some years on the other hand. 
In particular, the transformation from the parameter to the value level, sup­
plies important information far users and decision-makers about the present 
ecological situation and changes, and conceming necessary measures of risk 
management, protection, and restoration. According to their importance and 
the expense of data sampling, we distinguish between the basic and the addi­
tional program (Table 4.2-2). 

Tabte 4.2-2: Data in the landscape monitoring concept olthe Saxon Academy 01 Sciences 

landscape 
component 
relief 
soil 

water 

climate 

biota 

parameters 
basic program 

small relief elements 
thickness ofthe upper soil-layer 
humus content 

water flow 
water quality 
morphological structure 
interpretation of data from the 
meteorological service: 
precipitation 
potential evaporation 
air temperature 
immission (S02, NO" 0 3) 

biotope pattern 
vegetation (phytosociological 

additional program 

nutrient conÜ:nt 
humus quality 
heavy metal content 
soil density ofthe plough sole 
pH at the upper soillayer 
wet patches 
nutrient storage capacity 
physical parameters (pH, redox) 
water retention 

own measurements of selected 
meteorological parameters 

habitat structures 
small biotopes 
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landscape 
component basic program 

records) 
land use land use classes 

- surface sealing 
- crops 

parameters 
additional program 

plant and animal species 
tillage methods 
use of fertilizers 
husbandry 

4.3 Landscape prognosis: future landscapes 

4.3.1 Introduction 
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The prognosis of future landscapes has not been a very important issue in 
landscape ecology up to now. The physical and chemical site conditions 
were regarded to be more or less stable at the landscape scale, even when 
small scale changes mightl occur. Then, the development of landscapes 
would be directly controlled by human management activities. 

This could be reflected in scenarios, but the major problem with scenar­
ios is, that they are a mere collection of assumptions. They can hardly be 
proven. However, such assumptions have to be made, because the future di­
rection of development in alandscape is determined by decisions in human 
societies. Such decisions are rather based on the socio-economic standard 
and financial mechanisms, than on environmental conditions. These add an­
other uncertainty to the conceivable directions of future developments. 
These decisions are controlled and modified by zeitgeist, prosperity, and by 
the development of global markets. With increasing importance, environ­
mental problems will contribute to the questions the society will ascend to 
the strategies that are developed. 

Future changes are very much depending on the goals of a society, its 
needs and fears, and on the benefit that a certain management of land or a 
certain development might promise. Social expectations are changing rap­
idly compared to natural processes in the development of landscapes. Look­
ing at possible future developments, such deviating expectations and needs 
within and between societies have to be kept in mind (see Chapter 7.2). It 
causes the necessity to develop competing scenarios for one specific land­
scape, which might become relevant if a certain setting will be implemented 
(Figure 4.3-1). 

The focus of landscape prognosis in the past was laid on the planning 
of differentiated land use, infrastructure and tourism. According to this, par­
ticularly socio-economic developments were considered and related to site 
quality, c\imate, soils and relief. The feedback of the imbalanced landscape 
system to human activities is explicitly integrated into landscape ecology 
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only since the 1990s. This is also true for the regional and global changes of 
the environment, that are not directly related to the management of land­
scapes themselves. The paradigms of landscape ecology had to shift and 
adapt processes with a new quality in space and time. Another aspect, which 
might explain the small importance of landscape prognosis in the past is the 
complexity of landscapes. Complex systems are difficult to predict. 

Landscape ecology concentrated very much on the description and analy­
sis of patterns and processes in recent landscapes. Related to this, historical 
developments and former causes for the recent environment have been in­
vestigated (see Chapter 4.1). Until the late 20th century it was assumed more 
or less implicitly that future developments would be as slow as they had 
been in the past. This is true perhaps for most geomorphodynamic processes, 
for soil development and for the establishment of most of the species and 
communities in landscapes. lt will no longer hold true for species invasions 
and species extinctions, which become more and more important. As an ef­
fect, processes and mechanisms that formerly had been rather stable, rare or 
slow could be promoted now. 
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Figure 4.3-1: Scenarios offuture developments oflandscapes will have to consider the inter­
ac/ions of abiotic and biotic ecosystem compartments with new qualities that can not be com­
pared to historical conditions. Such scenarios have to take care of the individualistic proper­
lies of landscapes. Generalizations are dangerous within landscapes, but perhaps impossible 
across landscapes. Scenarios also have to integrate the uncertainty of future human values. 
This may lead 10 di.fJering directions olthe development under a given environment 

It seems quite clear, that the questions and methods in landscape ecology 
show a vast diversity of approaches (see Chapter 1.4). Only a few of them 
are directed to the future. But today, the prognosis of future developments 
and resulting shifts in landscape patterns becomes more and more impor-
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tant. Today, global, regional and local changes show an increasing speed . 
There are reasons to believe, that rapid environmental changes will take 
place; rapid compared to former developments. Such changes can affect eco­
systems directly, as the change of land use patterns, and indirectly as weil, as 
the change of biodiversity within persisting patterns. The loss of biodiver­
sity, which is mainly due to the limited ability of species to adapt to new en­
vironmental conditions as fast as they are changing, will affect ecosystem 
functions as erosion control, nutrient cycling or biomass production and via 
such mechanisms also the stability and vulnerability of ecosystems and land­
scapes. 

Simulating complex systems is obviously restricted by the information 
that is available about the mechanisms and the direction in which certain 
parameters will react. Under recent conditions, there can be no experience 
with environmental conditions and impacts that are expected to occur in the 
near future. This is mainly true for land use changes, where the data quality 
is uncertain (Brialssoulis 2001). This is a major argument, why different 
scenarios should be applied to simulate various site performances. 

Powerful tools to calculate and to analyze future changes exist since 
computers and software offer the possibility to simulate developments of 
landscapes within a framework that did not yet exist before. The integration 
of modem approaches as remote sensing, GIS, and ecological modelling al­
gorithms (see Chapters 6.2 to 6.4), can open new perspectives for the quality 
and precision of prognoses. Such techniques can contribute to a better under­
standing of today's spatio-temporal patterns and in consequence to precise 
simulations of changing environments. 

4.3.2 Panta Rhei 

The major problem in landscape prognosis is the projection of oncoming 
developments on the basis of the knowledge and the environmental condi­
tions of today. It is to ask, which present-day landscape traits will react to 
landscape changes or even promote them. Models to predict future condi­
tions of disturbance regimes or in the ecological background are based on 
data sets gained recently. It is not clear, whether this data quality is appropri­
ate to calculate future situations . As we do not know, what will happen, the 
choice of parameters to integrate into a model is a difficult task. 

There are also uncertainties about former conditions within landscapes. 
This is why landscape models have to be applied also in order to simulate 
historical landscapes. If it would be possible to verify the results of land­
scape models on the basis of historical data on landforms and vegetation, 
soils and water regime, it would be promising to apply such models to mod-
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ern questions and problems. One field of research is the modeling of glaciers 
or sea level fluctuations, because these mechanisms have left historical 
traces (Figure 4.3-2). 

Figure 4.3-2: Glaciers are a favorable object indicator to model past and future environ­
mental changes: The Marmolada glacier (Dolomites. 1taly) (Photo: 0. Bastian 1998) 

The changes of landscapes during their development have been effective 
on a variety of spatial and temporal scales. Today, most changes caused by 
human activities are very much faster than the changes, which have occurred 
in the past (see Chapter 4.1). The industrial and technical development, the 
freedom to travel, global market exchanges etc. contribute to this new tem­
poral quality. The information society offers the access to new ideas and 
techniques within short time periods world wide. 

Processes are no longer restricted to local or regional scales. The social 
and demographic trends, and, related to this, the economic and technical 
progress, are a motor of the development. The increasing human population 
density creates difficulties and political conflicts in developing countries. 
These problems will increase and promote land use changes. Industrial coun­
tries, on the other side will continue to produce and experience new pollu­
tions and pollutants. The changes in the atmosphere will become a central 
question, and intensive efforts will be necessary to protect the environment. 

Other qualities of environmental change are not as obviously negative or 
dangerous. The powerful vectors that connect continents today (ships, air­
planes, etc.), are responsible for the exchange of organisms and diaspores. 
Some species are successful and can establish in a new environment. Some 
of these plants and animals develop aggressively in new habitats. When they 
become a threat to natural ecosystems, they are cJassified as "invaders" or 
invasive species (e.g. Cronk and Fuller 1995, Figure 4.3-3). 
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However, not the direct threat of species, but habitat loss is and will be 
the major reason for the extinction of species. If extinction happens as a 
singular event, only isolated populations will be concemed, but if certain 
biotope types such as traditionally used meadows and pastures within whole 
landscapes are abandoned or changed regularly this will affect the whole 
species pool of landscapes or regions 

4.3.3 From local to global scale 

Figure 4.3-3: Heracleum mantegazzianum 
is an invasive plant species in Central 
Europe originating from Caucasus tall 
herb communities (Photo: 0. Bastian 
2000) 

Today, not only the velocity of change is high, perhaps even more strik­
ing is the spatial extension of environmental changes (see Chapter 4.1). Hu­
man impact is no longer restricted to the scale of an individual human being 
or to a tribe or village but to much larger areas. Landscapes are affected by 
impacts whose sources lay in some cases far outside of its own range. And 
conversely, it is common, that mechanisms taking place in a certain land­
scape, e.g. COrproduction by the combustion of fossil energy or the setting 
free ofNH3 + via agricultural manures, will affect global processes. 

The release of compounds into the atmosphere, the modification of the 
ozone layer, the pollution of groundwater and the anthropogenie global 
warming reached new spatial and temporal qualities in environmental 
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change, that were hard to imagine only some decades aga (e.g. C1aussen and 
Cramer 1998). 

Landscape ecology itself - and not only its objects - was very much influ­
enced by the technical evolution of the 20th century. Especially the broaden­
ing of the human horizon by aerial photographs was a key factor in the de­
velopment of this discipline. Today satellite imagery allows world wide 
monitoring (see Chapter 4.2) of certain qualitative aspects of the earth's sur­
face. 

The scale of environmental change is largely related to the vectors that 
are responsible for the transport of matter, energy and information in ecosys­
tems. On the one hand, qualitative and quantitative aspects of these three 
factors have changed or likely will change. On the other hand, vectors are 
changing as weil. Connections between continents have been created via in­
frastructure and vehicles. In addition to that, the flow of information via 
communication devices as the internet creates a new speed and a new distri­
bution of knowledge, which can be beneficial to mankind, but not necessar­
ily has to be. The latter can become true, when possible consequences or the 
ranges of applicability of problematic techniques or methods are not yet 
clear. 

4.3.4 Scenarios 

How to predict landscape changes under new and only vaguely predict­
able conditions? One possibility would be a semantic description of scenar­
ios or their graphical visualization. Here new possibilities in the processing 
and manipulation of photographs offer the tool to visualize oncoming land­
scape patterns. Expected landscapes can be modeled in GIS wh ich helps, for 
instance, to simulate different combinations of site conditions and land use 
or the effects offragmentation (see Chapters 2.3 and 7.3, Blaschke 1999). 

As human decisions have a great influence on the development of land­
scapes, scenarios that integrate socio-economic rules and prerequisites will 
be an important tool in this context. Scenarios have to integrate ecological 
models (see Chapter 6.4). However, they have to consider that in the future, 
not only climate, soil conditions, water regime and biogeochemical cycles 
might have changed, but also human interests in natural services will have 
new qualities. We can ask from our current position which developments are 
desired, but the answers we will give today will be different from the an­
swers that anyone would give some decades from now. This is a matter of 
fact, as normative social values always have changed during history. 

This is perhaps the most problematic aspect within the prognosis of fu­
ture landscapes. Perhaps we will succeed to model the development of soil 
nutrient availability, of precipitation regime and of other environmental as-
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pects of landscapes in a certain time from now with a satisfying accuracy. 
And perhaps, which is more difficult, we will come close to predict, how 
species, communities and ecosystems interact. But, we have reasons to argue 
that it will be quite impossible to model the oncoming social needs and 
values that will presumably have astronger effect on landscape eco10gical 
functions and performance than the environmental background. 

As prognoses have to consider the direction of development of human 
societies, it will be necessary to take care of the various social and economic 
interests of people to identify the decisive mechanisms and the requirements 
for the future . However, scenarios can also be used to find out, which kind of 
landscape would be preferred. One method to apply scenarios is to produce 
virtual images of future landscapes and integrate them into an iterative proc­
ess between landscape planning, stakeholders and decision makers (Tress 
and Tress 2001 b, see Chapter 7.1 2). 

4.3.5 Monitoring, experiments and models 

The prognosis of future landscapes will be based on different techniques 
and data qualities. Methods will have to integrate monitoring, as weil as ex­
perimental and modeling approaches. Data qualities will have to integrate 
biotic and abiotic components and fi rst of all be able to indicate complex 
within-landscape interactions. 

Although we are equipped with a variety of techniques to investigate 
landscapes, many of these will not be appropriate to forecast future devel­
opments. New methods to document for instance the effects of global warm­
ing or of changes in ultraviolet radiation have to be developed. This applies 
also for biodiversity loss, soil erosion, groundwater levels ami many other 
ecological qualities and processes. Only few modern approaches really offer 
quantitative data at the landscape level. 

To monitor such changes and to identify the effects of changes in over­
all site conditions is an important task (see Chapter 4.2). It will not be satis­
fying to document these changes alone. We realize that we cannot wait until 
landscape changes occur and perhaps restrict the quality of life or cut down 
resource availability and land use capacity. Advices and guidelines are 
needed to avoid or to reduce detrimental effects of global and regional 
changes to ecosystems and resources. 

According to global warming so me new research projects (e.g. Pauli et 
al. 1999) aim at a monitoring of ecological reactions. Long-term research has 
to be installed to address such mechanisms (see Chapter 4.2). The observa­
tion of the successive change of vegetation is one important approach in this 
field. The problem is to assure, that the target parameters are mainly driven 
by climate change and do not interfere with other site conditions. 
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Generally, we will have to apply approaches that integrate different tech­
niques and methods. To cope with the new questions and tasks, it seems to 
be promising to develop a methodological design that combines monitoring, 
experiments and models (Figure 4.3-4). The integration of various meth­
ods into a methodological framework that refers to a general theory and con­
cept and has clarified the questions and problems to deal with, can contribute 
to solve these problems within a reasonable time. 
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Figure 4.3-2: The methodological temple of landscape prognosis. The environmental ques­
tions and problems can only be solved under the roof of asound theory. Concepts and theo­
retical background work has to be done before applying analylicaltechniques. On this basis a 
methodological design can be established, that responds to the original questions and is valid 
only under a certain theory. According to the prognosis offuture developments, the building 
will be more stable, if one takes different methodological approaches into account, that relate 
to each other. However, first of alt, these methods should be subject to a final meta-analysis, 
that integrates the specijic results. 



C. Beierkuhnlein 203 

Within this combination of methods, the simulation of future landscape 
conditions on the basis of mathematical models is perhaps most convincing 
(e.g. He et al. 1999, see Chapter 6.4). Such models however are based on 
processes and objects which occur today under recent environmental condi­
tions and land use. They have to be modified and integrated into a new envi­
ronmental frame. This is also true in restoration ecology, where complex 
models will help to design management techniques (see Chapter 7.11). In 
nature conservation, ecological models can contribute to design habitats and 
reserves for endangered species. 

In addition to monitoring and modeling, the application of experimental 
approaches is necessary as weil. Under controlled conditions, but close to 
the real conditions in ecosystems, model ecosystems could be installed, to 
mimic site conditions that are expected to occur. At the landscape level, it 
will be difficult to simulate certain expected environmental conditions. 
However, for fragmentation or homogenization, or for the loss of biodiver­
sity by introducing monocultures, experiments can be thought of at this level 
(e.g. Pither and Taylor 1998). Perhaps more important, experiments at the 
level of communities and ecosystems will offer the possibility to investigate 
the consequences of environmental change and of the loss of biodiversity 
(Hector et al. 1999). Model communities that are close to natural conditions 
can deliver insights in the functioning of ecosystems. 
Finally, we have to ask: 00 we have good ideas, wh ich developments are 
likely to occur? Which circumstances have to be considered? What will 
really dominate the future environmental discussions? Will it be the global 
change of temperature, the increasing precipitation, the rise of the sea level, 
the Gulf Stream, the increasing thunderstorms and hurricanes, the land use 
change in tropical and subtropical regions, the technical development, the 
societal needs, and the population growth? One thing is sure: there will be 
surprises! 
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Landscape assessment 

O. Bastian, B.C. Meyer, E. Panse, M. Röder, R.-U. Syrbe 

5.1 Ecological carrying capacity and stability 

5.1.1 Carrying capacity, ecological footprint, loads 

Ecological carrying capacity is a quite abstract tenn. In landscape 
terms, it describes the ratio between the possible demand and the maximum 
load within the context of ecosystem stability. This term is used in many 
ways (Dhont 1988). Therefore, its methodological discussion requires pre­
cise c1arification of its meanings; otherwise it remains an empty political 
formula. 

Engineering sciences understand "carrying capacity" just as a measure of 
stability, meaning the degree of load a system can cope without impairment 
or if it is exceeded the operability of the system is thr~~atened. Malthus 
(1798), the term was applied later in a geographical context, as the maxi­
mum possible density of a population within a limited territory, that could 
maintain a pennanent (agrarian) self-sufficiency (Döhrmann 1968, Penck 
1925, Scharlau 1953). The carrying capacity became a theoretical and vari­
able feature . It depends very strongly on the technology ami on the life style 
of the respective people. Because of its misuse during World War Il (justifi­
cation of annexations), this approach is used today less frequently or it is 
referred to the earth as a whole (Daily and Ehrlich 1996, Waggoner 1996). 

Economic carrying capacity refers to the suitability of a region to toler­
ate immigration on the basis of the relation between workers and employ­
ment. Planning and economics describe the demand necessary for the eco­
nomic success of an investment with this term. Also a combination with the 
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adjective ecological can cause misunderstandings, because in ecology carry­
ing capacity is defined as the "max. population of a given species that can be 
supported indefinitely in a defined habitat without permanently impairing the 
productivity of that habitat" (Rees 1996). 

Since the Rio de Janeiro 1992 Conference, the idea of carrying capacity 
has received aboost as an instrument for the investigation of sustainable 
land use, and, through this, new facets became obvious. A crucial problem 
is, that the natural carrying capacity given by the limited efficiency of eco­
systems, can be exceeded considerably within a certain area and time period. 
This is associated with either consumption of (itself not regenerating) poten­
tial resources or via stress of other territories, so-called appropriated carry­
ing capacity (Siedentop 1997). 

The ecological footprint was introduced into this context by Rees 
(1992). This term (in effect, the inverse of carrying capacity) represents "the 
corresponding area of productive land and aquatic ecosystems required to 
produce the resources used, and to assimilate the wastes produced, by a de­
fined population at a specified material standard of living, wherever on earth 
that land may be located" (Rees 1996). The ecological problems, resulting 
from the associated over-exploitation, are frequently shifted to foreign terri­
tories, supported by global market mechanisms. Although there are naturally 
poor as weil as rich ecosystems (Haber 1992), the spatial division of labor 
represents aprerequisite for the cultural development of humans. One can 
understand the appropriation of carrying capacity on agloballevel as a mod­
ern (environmental) form of colonialism, because it limits the possibilities of 
development for the non-industrialized countries. 

In landscape ecology, the problem of carrying capacity is often equated 
with the treatment of critical loads and critical levels (Hettelingh et al. 
1991, Lenz 1994, Nagel and Gregor 1999, United Nations 1993). The goal is 
to identifY such concentrations of e.g. air pollution and released deposition 
rates, whereby the ecosystems concerned are able to absorb them by buffer­
ing or regenerating themselves without irreversible changes. This approach 
was successful in keeping the clean-air policy. However, it has a very nar­
row focus, because among other things non-chemical aspects can hardly be 
included here. Investigations of an extended ecological carrying capacity 
should enter the existing maximum stress of the ecological systems and ex­
ceed area-density ratios. A possible definition of ecological carrying ca­
pacity reads: E. c. c. indicates the maximum admissible use of ecosystems in 
their landscape, whereby preservation or reproduction of the basic conditions 
necessary for it is seeured on a long-term basis. 

This implies a fixed tolerance (Bastian and Schreiber 1999) concerning a 
certain use or several connected use-activities in alandscape. The limiting 
criterion is that the prerequisites for the use are not endangered, which de-
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pends on the sensitivity of the ecosystems concerned (Figure 5.1-1). A long­
term effect is produced particularly if the impairments released by the use 
activities outIast available recovery phases. It is not meaningful in this con­
text, to characterize solely consumption of non-renewable goods (e.g. con­
sumption of fossil fuels, surface sealing) with carrying capacity. Such a 
treatment must be integrated into a more complex landscape, buffering the 
intensively used areas. 

Figure 5.1-1 : By frequent driving on sensitive unpaved Mongolian steppe tracks, the carrying 
capacity is exceeded. Thus the erosion ofthe unstable river bank is increased (Photo: 0. Bas­
tian 1997) 

The first main parameter of carrying capacity is the maximum load 
on ecosystems by use-conditioned impacts on the environment. The latter 
depends on the ecological conditions, whereas different possible (quantita­
tive) intensities can be designated, according to the (qualitative) type and the 
time performance of uses. Since very often several use activities require the 
same environmental factors, side effects and amplifier effects must be con­
sidered in the context of the "use network" (Eberlei 1985) defined by it. Po­
litical priorities playa crucial role concerning overlap in use. Also the eco­
logical maximum load is not objective, particularly since "unfavorable" ef­
fects are included. It represents a certain aspect of the natural carrying capac­
ity, whereby safety and tolerance considerations are not included. 

As second parameter the "basic conditions" for a certain use are to be 
considered. This component of carrying capacity is not to be determined ob­
jectively alone. Rather politically set "basic conditions" (in the sense of limit 
values, or ideas of landscape development) can be integrated into this point. 
The carrying capacity, discussed here, refers to the landscape as an entity 
and therefore it requires a complex approach. 
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Finally it is very important, to what extent the basic conditions of use 
may be considered as "secured" (see definition). There, questions ofthe eco­
logical risk analysis or the definition of a sufficient "safety level" (as with 
technical applications) play the main role. 

5.1.2 Sensitivity, disturbanees, and stability 

The term sensitivity is also used in a different manner (see Chapter 
7.4 .6). In biological and technicalliterature, it is understood as objective and 
thus value-free. It characterizes the ability of a system to respond after an 
intluence by self-change, and similarly to indicate such an effect. Sensitivity 
does not refer usually to the landscape as a whole, but to certain partial as­
pects (ecosystems, populations, resources, functions or individuallandscape 
features), which may have different sensitivities. Furthermore, it is meaning­
ful to differentiate the type and intensity of the disturbanees, wh ich can pro­
duce appropriate violations. 

In particular, environmental law and planning use this term in the sense 
ofvulnerability of "sensitive areas", i.e. also under the criterion of deprecia­
tion in the case of damage. Such an application is connected inevitably with 
the aspects of value. In the sense of terminological clarity it is therefore 
more exact to use "vulnerability" instead of"sensitivity". 

Disturbance, used as a value-free term, includes both critical develop­
ments within an ecosystem and effects from outside, which exceed the type 
or range of regular variations. It is crucial whether the ecosystem or living 
species therein can adapt to these changes. Irregular or abrupt effects (Iike 
those usually caused by human activities) possess, therefore, a very high dis­
turbance potential. If such an effect results by conscious human actions, it is 
called more precisely an "intervention". 

value-free terms 
ecosystem 

structure-function-change 

disturlance 

I 
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Figure 5.1-2: Systematic ofthe terms explained 
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The ability of ecosystems to resist disturbances is described in landscape 
ecology by the term stability. An initial differentiation of ecological stability 
can be made with respect to disturbance, in particular its type (natural or 
human-made), origin (endogenous or exogenous), duration (persistence), 
intensity, or frequency necessary for significant modifications (Table 5.1-1, 
Figures 5.1-2 to 5.1-4). 

Figure 5.1-3: Spruce monocultures are, as a rule. unstable with regard 10 pests (md air pollu­
tion: Damaged mOllntain spruce /orests (Erzgebirge mountains. Saxony, Germany) (Photo.' 
O. Bastion 1985) 

Figure 5.1-4: Bogs are more or less stable. however they are sensitive to human impacts/ 
disturbances. e.g drainage: The Dubring moor (Upper Lusatian Lowland. Saxony. Germany) 
(Photo: 0. Bastian 1984) 
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Tabte 5.1-1: Basic types of ecotogicat stability (Bastian 1999b following Gigon 1984) 

dynamic behavior of without extern al with external distur-
the ecosystem disturbances bances 
none or very small constant stability resistance 

~ variations 
meta- regular variations cvclic stability elasticity 

~ 
irregular variations endogene fluctuation exogene fluctuation 

instability irreversible, strang endogene change exogene change 
changes 

Further subdivisions are possible with regard to the reactive behavior of 
the system concerned. In relation to extern al disturbanees, it is possible to 
differentiate an intrinsic, system-dependent ruggedness occurring without 
modifications, the so-called resistance, and the regenerative power of the 
system after disturbance, its elasticity. The idea of metastability (Forman 
and Godron 1986), developed on this basis, attained great importance be­
cause of their complex approach. The fact that ecosystems combine both 
resistance (physical system-stability) and regenerative power (elasticity) is 
embodied in the concept of metastability, which also encompasses the sense 
of ecological self-regulation. Dynamic ecosystems sometimes do not have 
very high physical system stability. But the loss of resistance byregular or 
moderate disturbances is often connected with an acceleration of regenera­
tive functions and an increase in species diversity, adapted to changing and 
edge conditions. Therefore, predominantly natural and diverse ecosystems 
with a large amount of biomass are metastable. 

Regarding the differentiation between value-free terms like stability and 
with-value aspects (maximum load in this case), it is not meaningful to di­
vide stability according to ecological or anthropocentric points ofview. 

5.1.3 Methodology 

Investigation of stability, disturbance regimes, and sensitivity is the prov­
ince of the natural sciences. Therefore it can be performed with relevant 
landscape ecological procedures. With regard to carrying capacity and 
maximum load, however, evaluations and thus political specifications are 
also necessary, which scientists cannot provide alone. It is particularly prob­
lematic that in our (multifunctional) landscapes the effects of different uses 
must be considered, because usually the same resources or landscape func­
tions are utilized in a multiple manner (Neef 1972). Such a holistic approach 
(see Chapter 1.3) requires time-consuming complex investigation, and it has 
not been successfully implemented yet. For simplification one tries to reduce 
the complexity in an appropriate way and to consider the uncertainty of un-
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quantifiable amplifier and side effects by determined minimum values and 
tolerance limits (which usually are not scientifically derivable). 

For the differentiation of disturbance and "normal" variations not 
only the degree of the ecological modifications, but also their spatial and 
temporal distribution can be decisive (White et al. 2001). An analysis (par­
ticularly with ecological monitoring, see Chapter 4.2) ofthe temporal behav­
ior of disturbance regimes, including the released adaptation processes, is 
necessary. The results are needed partly for the following methods. 

Aprerequisite for the determination of sensitivity is to select the land­
scape components and features concemed, and the disturbances, wh ich can 
influence them. The degree of sensitivity is determined through 

the exposure in relation to the disturbances (wh ich must be determined 
beforehand), and 
the variability and adaptability ofthe subsystems concemed to the re­
spective disturbance. 

Sensitivity must therefore be determined "disturbance-specifically", as 
weIl as being time-dependent (because of the duration of the adjustment 
mechanisms). A possible methodology can be the following sequence of 
working steps: 

1. definition of possible disturbances, 
2. fixing of the considered time horizon (if possible according to the charac­

teristic disturbance interval), 
3. determination of the exposure in relation to the disturbances, 
4. a) determination ofthe stability behavior for a class of disturbances, 

b) estimation of the recovery ability within the determined time interval, 
c) prognosis ofthe modification ofthe whole landscape, and 

5. condensed evaluation ofthe sensitivity, e.g. as an effect function or by 
the specification of characteristic sensitivity levels. 

If vulnerability has to be determined, first particularly "valuable" land­
scape features (with high functional performance or suitability) should be 
selected, which limits the data range of the following analysis. The con­
densed evaluation can be based then on a comparison of the potential (with­
out considering influences from utilization) and the actual landscape func­
tions including utilization. 

The (ecological) maximum load differentiates itself on the basis of use­
induced effects on the individuallandscape components (so-called "effect 
factors"). On the basis of the relevant types of use and the technologies con­
nected with them, the most important effecting factors, as weIl as their inten­
sity, are determined. The following analysis of the spatial and temporal be­
havior of the (land) use activities and their effecting factors should give de-



212 Chapter 5 

tailed information on side effects and amplifier effects relevant to those other 
uses which utilize the same landscape functions. From the "load profile", 
compiled in such a way, the associated disturbances and their intensities are 
derived. The load of the landscape features concemed can be measured in 
comparison with the vulnerability. Landscape planning has developed a 
methodology, called ecological effect analysis, to determine ecological side 
effects of land uses with each other and with nature. In practice, this meth­
odology is applied using, in particular, check lists, effect chains, sensitivity 
matrices, conflict matrices and diagrams (Bierhals et al. 1974, Krause and 
Henke 1980). 

A condensed maximum-load-evaluation of the landscape can be done via 
aggregation of individual load levels on the assumption of a balanced rela­
tion of disturbance and vulnerability. Both parameters, however, are afflicted 
with large uncertainties and no comparison yardsticks for quantification are 
available. Recommended methodologies are either the so-called ecological 
risk analysis (Bachfischer et al. 1977, Geier 1981, Schemel 1978, Scholles 
1997) or area balances (Iike the ecological footprint determination), but time 
balances (use period in comparison to recovery time) are also usable. In par­
ticular, the ecological risk analysis, developed for practical planning, also 
applies normative items, in order to master the uncertainty of ecological in­
formation. 

"Although carrying capacity evaluations under ecological criteria are 
possible regarding the intensity of individual uses, the derivation of carrying 
capacity must take place, however, on a basis of the use network in its de­
pendency on the common natural resources", wrote Eberlei (1985). He de­
veloped a very extensive methodology to determine carrying capacity by a 
holistic approach. This methodology was separated into three levels: 

basic level, considering the natural resources, 
function level, indicating the use potential, and 
action level, regarding the use effect relations. 

It considers all relevant relations and parameters gradually for each land­
scape item concemed on the basis of matrices of spatial and temporal over­
lap. On the conditions of different uses he particularly emphasized cumulat­
ing amplifier effects, which were subdivided into "simultaneous effects" and 
"development effects". 

Because of often indistinct data and incomplete knowledge about the 
ecological system, the introduction of a "safety factor" is necessary. A sim­
plification of the methodology is enabled, if this introduced safety factor is 
extended to include the uncertain socio-economic criteria, varying the 
maximum load. In individual cases, a value below the maximum load (50% 
and less, if quantifiably) becomes necessary, while a limited overload 
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(> 100%, i.e. acquired carrying capacity) could be tolerated e1sewhere in the 
sense of the spatial division of labor or area dedication. 

Such a simplified methodology consists ofthe following steps: 

1. search of the existing or the planned uses and determination of the spa­
tially differentiated disturbance potential, starting by considering ampli­
fier effects (map or matrix), 

2. estimation of the sensitivity or vulnerability of the landscape features 
concerned regarding the existing disturbances (effect factors), 

3. comparison (and aggregation) ofthe intermediate results, and derivation 
of load level and maximum load of ecosystem, 

4. definition (on the basis of political specifications, ideas of landscape de­
velopment or ecological risk analyses) of spatially differentiated toler­
an ce limits for the load with different effect factors, and 

5. checking wh ether existing uses or those which can be expected exceed or 
fall below these tolerances and partitioning into carrying or not carrying 
vers ions (use intensities, mosaics, technologies) on the basis of complex 
use pattern in the landscape. 

5.2 Landscape functions and natural potentials 

5.2.1 Definitions and theoretical fundamentals 

With regard to the practical application of landscape ecology, e.g. in land 
use, management and nature conservation, the concepts of landscape func­
tions and natural potentials prove helpful approaches to analyze and to assess 
landscape, especially from a human point of view. Potentials and functions 
characterize the capability and usability of alandscape (concerning human 
needs, demands and goals) in a broad sense. That means that particular em­
phasis is given to the fact that so-called ecological ftmctions are included, 
too. Usually, such aspects as a landscape's suitability for manifold human 
demands, risks emerging from land use practices or from natural disasters, 
but also the role of landscape for human well-being (landscape beauty, mi­
cro-climatic effects and threats) are related to the anthropocentric point of 
view. The importance of landscape for the balance of nature (landscape sta­
bility, ability to buffer disturbanees, functioning of matter and energy flows, 
biodiversity), however, are assigned to the landscape ecological or the natu­
ral perspective. The sense of such classifications is not very distinctive, be­
cause biodiversity, natural balance, ecological functions and nature all are an 
indispensable precondition of humans' existence as biological and social 
creatures. 
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The term potential was introduced to landscape research by the German 
geographer Ernst Neef in the sixties (Neef 1966, 1969). He defined a com­
plex "gebietswirtschaftliches Potential". In this manner, the interpretation of 
landscape attributes for human purposes (utilization), however, was not easy 
to realize. The idea of reducing landscape characteristics (nature) and human 
rates of output (society) to a common denominator (i.e. the immediate link­
ing of physical, chemieal and biologieal processes with socio-economic pro­
cesses and phenomena, e.g. in the form of energy quantums) was wide­
spread during that time (Iaatinen and Cunningham 1975, Voracek 1971), but 
it was not a conclusive approach for practical solutions (Mannsfeld 2000a). 
Therefore, it was necessary to operationalize this concept. Land use catego­
ries, as weil as spatial planning, need a differentiation ofthe complex entities 
of nature and landscape. Only this made possible the comparison and as­
sessment of natural conditions and their impact on human influences, with 
regard to decision-making. Apart from previous works (Langer 1970b, Kopp 
1975), Graf (1980), Haase (1978), Mannsfeld (1979) and in partieular dealt 
with this concept. Haase (1978) distinguished several specific, so-ca lied par­
tial natural potentials: biotic yield potential, water supply potential, waste 
disposal potential, biotic regulation potential, geoenergetic potential and rec­
reation potential. Ouring the following years, the concept of natural poten­
tials was developed further and applied in landscape ecology and planning 
e.g. by Oollinger (1988), Ourwen (1995), Haase et al. (1991), Hrabowski 
(1978), Kopp et al. (1982), Lüttig (1983), Mannsfeld (1979, 2000) and 
Marks et al. (1992). Natural potentials characterize the totality of landscape 
attributes with regard to a possible utilization by human society. In reality, it 
is a matter of natural resources (Graf 1980, Haase 1978). 

For the assessment, natural potentials, human demands and specific 
goals are compared with the concrete natural conditions in order to grasp 
landscape performance in categories like availability, carrying capacity and 
usability. Mannsfeld (1983) proposed an algorithm including the choiee of 
indieators and their assessment, as weil as the determination of ranks of 
landscape units in their suitability for special natural potentials. The com­
parison of potentials enables statements concerning multipurpose use and 
possible land use conflicts. The assessment of natural potentials is an impor­
tant step in converting parameters (knowledge) from natural sciences into 
socio-political categories, from sciences into practice and from ecology into 
planning, wh ich was defined by Neef (1966) as the "transformation prob­
lem" (see Chapter 5.3.1). 

In parallel with the concept of natural potentials, the term landscape 
functions became established for the performance of alandscape in the 
broadest sense. The term "function" has partieular meanings in mathematies 
and politics, but could also have in landscape ecology (functions in the sense 
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of processes and fluxes of matter). De Groot (1992) defined landscape func­
tions as the capacity of natural processes and components to provide goods 
and performances which satisfy human demands directly or indirectly. Ac­
cording to Haase (1985), the assessment of social functions of alandscape is 
a pre-condition of relating the actual landscape state to economic categories 
and processes. There is, however, much terminological confusion. The terms 
"potential" and "function" are often applied synonymously, although -
strictly speaking - this is not justified. 

There have been a lot of attempts to c1assify the almost confusing variety 
of landscape functions. Important criteria are (Lahaye et al. 1979): 

kind and content ofhuman needs and preferences (values) which are re­
lated to the specific function, 
kind of product or performance being supplied, 
kind of landscape factors (abiotic, biotic), which are characterizing the 
function concerned, and 
the sphere of effectivity. 

"External functions" satisfy human demands directly, whereas "internal 
functions" are more related to the landscape system itself. Other authors dis­
tinguish between "natural functions" on the one side, and "societal func­
tions" on the other side (Niemann 1977, 1982, Preobrazenskij et al. 1980, 
van der Maarel and Dauvellier 1978). A strict differentiation is problematic, 
since the "internaI" functions are a pre-condition for the "external" ones, and 
the health and functionality of the natural balance is also desired by the hu­
man society. One must not forget the connection and interference of differ­
ent landscape functions, their interdependence and causality. Nevertheless, a 
classification of landscape functions is sensible (Table 5.2-1). 

Niemann (1977) distinguished functions of production, landscape man­
agement, human-ecology and ethics/aesthetics. Another classification in­
cludes regulation, carrier, production and information functions (De Groot 
1992, De Groot et al. 2001, van der Maarel 1978). The relationships and 
conflicts between economy and ecology are especially emphasized by the 
division into economic (production), ecological (landscape management) 
and social functions (Bastian 1991b). Kontris (1978) expressed "social" with 
"cultural" and "conducive to health"l"recreational". Haber (I 979b ) identified 
production and landscape management functions, which are related to so­
called production and protective ecosystems. In forestry, the term "comita­
tiv" is usual for all effects going beyond forest timber production and which 
include a forest's influences on landscape balance and development as weil 
as on humans' physical living conditions and creation of awareness (Thoma­
sius 1978). Landscape functions can be arranged hierarchically into several 
distinct levels: groups of functions (1 sI order functions, e.g. ecological func-
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tions), main functions (2nd order functions, e.g. regulation of populations and 
biocoenoses), subfunctions (3fd order functions, e.g. habitat function). 

Table 5.2-1: Classification oJimportant landscapeJunctions ([rom Bastian 1998b, 1999a) 

Groups of functions 
- functions of 1 SI order 

- functions of2nd order (main functions) 
- functions of3'd order (subfunctions) 

A - production (economic) functions 
- availability ofrenewable resources 

- production of biomass (suitability for cultivation) 
plant biomass 
- arable fields (husbandry) 
- permanent grass land 
- special crops (e.g. fruit-culture) 
- wood (forestry) 
animal biomass 
- game (hunting) 
- fish (fishing, pisciculture) 

- water accumulation 
- surface waters 
- ground water 

- availability of non-renewable resources 
- mineral raw materials, building materials 
- fossil fuels 

B - ecological functions 
- regulation of matter and energy flows 

- pedological functions (soil) 
- resistance to erosion/ to compaction 
- resistance to underground wetness/ to drying out 
- decomposition ofharmful matters (filtering, buffering and transforming functions) 

- hydrological functions (water) 
- groundwater recharge 
- water storage/ run-off balance 
- self-purifying power of surface waters 

- meteorological functions (climate/air) 
- temperature balance 
- enhancing of atmospheric humidity 
- influencing of wind 

- regulation and regeneration ofpopulations and communities (of plants and animals) 
- biotic reproduction and regeneration (self-renewal and maintenance) of biocoenoses 
- regulation of organism populations (e.g. pests) 
- conservation of the gene pools 

C - social functions 
- psychological functions 

- aesthetical functions (scenery) 
- ethical functions (gene pools, cultural heritage) 

- information functions 
- functions for science and education 
- (bio-)indication of environmental condition 

- human-ecological functions 
- bioclimatological (-meteorological) effects 
- filtering and buffering functions (chemical effects - soil/water/air) 
- acoustic effects (noise control) 

_ functions ofrecreation (as a complex ofpsychological and human-ecological effects) 
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5.2.2 Possible assessment procedures 

In the meantime, there is an almost unmanageable multiplicity of relevant 
papers conceming methods and approaches for assessment of natural poten­
tials and landscape functions. At this point, only principles and selected ex­
amples can be mentioned. These methods must be adaptable to specific pur­
poses - i.e. their objectives, dimensions, precision, available data, time and 
labor. There is also no room to give detailed descriptions of assessment pro­
cedures, especially of the parameter weighting and combining. 

Usually, natural potentials and landscape functions are shaped by numer­
ous parameters. There is a conflict between the scientifically-based demands 
of a holistic and therefore mostly complicated assessment procedure on the 
one side, and the tendency of simplification for practical purposes, e.g. in 
landscape planning and environmental impact assessment, on the other side. 

In order to assess landscape functions, essential attributes (key factors, 
indicators) must be chosen wh ich both allow clear and exact statements and 
are economic to obtain. According to the particular landscape function and 
the applied approach (method), attributes of the geocomponents like geo­
logical structure, relief, soil, water, climate, bios and land use should be in­
volved (Table 5.2-2). 

For the assessment of landscape functions, mainly semi-quantitative 
methods are still used. The reasons are: the shortage of precise, quantitative 
analytical data, and the better applicability to practical purposes of the wide, 
comprehensive landscape planning. However, recently a trend to quantifica­
tion has become conspicuous. 

Generally, the assessment of landscape functions is possible in different 
ways. Therefore, no universally applicable method can be offered, but only 
principles and examples for the assessment of single functions. The choice 
of methods depends on the aim of the assessment, on scalcs and spatial pe­
culiarities, and on available data. That is why, the following examples can 
only give a rough indication of possible assessment procedures for selected 
landscape functions. 

Subsequently, we focus on those landscape functions/natural potentials, 
which are considered normally in many landscape ecological studics and in 
thc practice of landscape planning. : 

(potential) biotic productivity: ability of alandscape to produce biomass 
by photosynthesis in a sustainable manner (biotic yield potential accord­
ing to Haase 1978), 

- resistance to soil erosion: ability to withstand soillosses caused by hu­
man activitics, which exceed normal (natural) amounts (e.g. by limits of 
mineralization processes, bedrock weathering), 
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water retention capacity (runoff regulation function): ability of a land­
scape to contribute to balanced water runoff situations and to retain the 
water (e.g. prevent extreme flooding) by the reduction of fast run off 
components (surface runoff, interflow), 

- groundwater recharge: flow of percolating water to the groundwater, 
groundwater protection: the different ability of alandscape to protect 
groundwater from contaminants, to weaken their effects or to delay their 
penetration, 
habitat function: the landscape's ability to supply favorable living condi­
tions for a rich flora and fauna (with its biocoenoses and biotopes), 
potential for recreation (in the landscape ): the landscape's capability to 
realize material and esthetic qualities for human recreation, i.e. the re­
laxation, recreation, health, and enjoyment ofthe landscape in order to 
elevate fitness, joy and life-span, and thus to satisfy cuItural and esthetic 
requirements of the society (Haase 1978). 

The assessment methodologies for the biotic yield potential can be sub­
divided into biotic and non-biotic approaches. Biotic approaches are based 
on site specific biomass production, either on the net primary production (of 
the potential natural vegetation, see Hofmann 1988) or - directly - on the 
actual yield of the crops. The disadvantage of the last-mentioned approach is 
the dependence of biomass production on fertilizers and other anthropogenic 
nutrients, especially in industrial countries. 

The non-biotic methods use several parameters of geocomponents. A 
typical approach of this group is the so-called soil fertility, referring to soil 
parameters only, applied, for example, by the German Soil Inventory for 
taxation (see Chapter 3.2.3). Another method was elaborated by Klink and 
Glawion (in Marks et al. 1992). It follows the principle of limiting factors, 
i.e. the most unfavorable parameter is decisive. Parameters of relief, soil, 
water balance and climate influencing land use form, yield and costs of pro­
duction, as weil as endangering the performance of the site by soil erosion, 
frost and flooding, are included in this. The suitability for agriculture, inde­
pendent of the particular actual land use can be evaluated. A provisional as­
sessment can be obtained by considering groundwater level and soil texture 
(size of soil particles), nutrient supply, amount of stones and humus, depth of 
soil, soil moisture, and field-moisture capacity. By including the relief (hili 
slope) and c1imatic factors (average annual temperature and precipitation, 
danger of frost, erosion and flooding), the final result is achieved. 
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Table 5.2-2: Landscape characteristics (parameters) which are often necessary for the as­
sessment of landscape functions (and natural potentials) in landscape diagnoses ([rom Bas­
tian 1999a, Bastian and Räder 1998) 

parameters landscape functions/natural potentials 
I y(s) y(e) I p I air I 

scale (dimension): m - meso, s - sm all scale 
m s m s m s m s m s 

geological basis (x) (x) (x) 
relief 
- slope x (x) x (x) x x 
- altit. differences 
- small structures 
soil 
- substrate peculiarit. x x x x x x x x x x 
- main soil forms x x x x x 
- soil forms x x x x x 
water 
- surface waters (x) (x) 
- groundwater ta- x (x) x x x x x 
ble/soil water bal-
ance 
climate 
- annual precip. x x x 
- monthly precip. x (x) 
- monthly evapor. x 
- annual temperature x 
- occurrence of frost x 
biota 
- biotope types 
- vegetation units (x) 
- habitat structures 
- species x 
- spatial parameters 
- pot. nat. vegetation (x) (x) 
land use 
- land use types x x x x x x x x x 
- landscape elements (x) x x x 
- specific data (sur- x x x (x) 
face sealing, irriga-
tion/drainage, crop 
rotation, fertilizers) 

y - biotic yield potential (s - suitability, e - sensitivity: water erosion), 
p - groundwater protection 
a - groundwater recharge 
r - regulation of surface run-off 
b - biotic regulation potential (habitat function) 
re - recreational potential 

b I re 

m s m s 
(x) (x) 

x (x) 
x 
x x 

(x) (x) 

x x x x 
(x) (x) 

(x) x x 
x (x) 
x 

x x (x) 
(x) x 
x x 

x x x x 
x (x) x 

(x) 



220 Chapter 5 

Soil erosion is defined as the loss of soil, especially as a result of human 
impact, since human-caused erosion can exceed that by natural causes many 
times (Figure 5.2-1). Soil erosion by water is one of the best investigated 
landscape ecological problems (in contrast to erosion by wind). It depends 
on erosion susceptibility of sites and erosive action of rainfall. Erosion sus­
ceptibility of sites depends on soil parameters (e.g. texture, content of humus 
and stones, humidity, infiltration capacity), relief parameters (e.g. hill slope 
and length) and soil cover (plants, land use etc.). Its evaluation is relatively 
reliable. 

Figure 5.2-1: The resistance 01 loess 
soils to soU erosion by water is low. 
Heavy erosion damages in the Central 
Saxonian loess region (Germany) 
(Photo: 0. Bastian 2000) 

Most of the empirical assessment procedures are based on the Universal 
Soil Loss Equation (USLE) by Wischmeier and Smith (1978) and several 
specifications (e.g. Schwertmann et al. 1981). They enable a quantitative 
determination of soil erosion. The USLE defines soil loss as a product of 
indices of rainfall erosivity, soil erosivity, slope length, slope inclination, 
soil cover and erosion preventing measures. Because of its empirical charac­
ter there is a need to validate USLE in different regions. Modeling erosivity 
of rainfall and the estimation of soil cover are especially difficult. The rain­
fall erosivity index is composed of the impact energy to soil surface (R­
factor) and the maximum 30-minute intensity ofthe rainfall event (Eho). The 
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universal validity of the EI30-index, although applied world·-wide, is never­
theless regarded as insufficiently elose to reality. So are all the other rainfall 
erosivity indices founded on the same or similar bases (Seuffert et al. 1999). 

One of the various methods, using medium spatial erosivity indices (and 
which can be recommended in spite of the problems mentioned above), is 
published by Schmidt (in Marks et al. 1992). The advantages of this method 
are the usually good availability of data and the simple assessment procedure 
which allow its application in landscape ecological planning processes, (Fig­
ure 5.2-2). 

1 
soil texture 11 humus content 11 stone content 

1 
I I I 

I 
1 erosion resistance deter-

mined by soil features I 1 
slope angle JI curvature 

1I 
slopa length 

1 

1 
I I I 

I 

I 
1 

erosivity of precipitation l 
I I 

I potential resistance to soil erosion 
I 

I land use I cover 1 

I I 
I 

I real resistance to soil erosion I 

Figure 5.2-2: The assessment 0/ soil resistance to water erosion (acco/'ding to Schmidt in 
Marks et al. 1992, modified) 

Recently, more physically based computer-supported simulation models 
have been developed such as the model EROSION 2D/3D by Schmidt 
(1996), which is practicable for small areas (see Chapter 6.4.4). The disad­
vantages of former physical models, such as the enorrnous number of pa­
rameters and the complicated handling, are partly overcome. The problems 
of quantifying erosion for larger areas will be solved soon. 

Water retention capacity (or runoff regulation function) can be as­
sessed in several ways. If catchment areas are the basis for evaluation and 
stream gaugings are available, discharge hydrograph analyses are preferred 
because of ensured and precise quantitative methods. In particular conti nu­
ous discharge analyses allow detailed separation of discharge components 
(slow and fast base flow, interflow, surface runoff) and its residence time in 
the catchment area. Thus, it is possible to estimate and compare the flood 
danger of different basins. Another way is to model the relations between 
precipitation and runoff (e.g. Becker and Pftitzner 1987) for river basins. 
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It is complicated to quantify site-specific water retention capacity, but is 
possible by measurements and modeling the respective water balance. Large 
areas cannot be caIculated by these methods favorably, because of the im­
mense expenditure. Nevertheless, site-specific knowledge about water reten­
tion is important to plan local flood-prevention measures. For this task em­
pirical methods are much more suitable e.g. by Zepp in Marks et al. (1992, 
Figure 5.2-3). 

surface sealing, land use 

water retention capacity 

slope angle 

Figure 5.2-3: The assessment olwater retention capacity (according to Zepp in Marks et al. 
1992, modified). The values 01 each parameters are summarized to the total water retention 
capacity (jive halfquantitative degrees) 

Groundwater recharge is known to be the process of filling up the 
groundwater resources by infiltrated water. The knowledge about its regional 
and local differentiation is important for groundwater abstraction and protec­
tion. For example, areas with a high rate of groundwater recharge should not 
be exposed to harmful chemicals from industry or agriculture. 

The groundwater recharge can be measured by lysimeters and tracers, 
and evaluated by discharge analyses, e.g. a low water hydrograph by Wundt 
(1958) and data of groundwater management can be calculated with the help 
of the water balance equation. The related methods are useful for particular 
scales only (points, river basins, small or large areas). For differentiated 
analyses in sedimentary rock areas without an essential direct runoff, the 
caIculation by the water balance equation is recommended. In hilly and 
mountain areas, the quantity of interflow and surface runoff additionally re­
quires consideration (Figure 5.2-4): At first, the site-related total runoff is 
caIculated as the difference between precipitation and real evaporation. In 
hilly and mountain regions this total runoff consists of groundwater re­
charge, interflow and surface runoff. In a final step, groundwater recharge 
must be separated from the other runoff components. The results should be 
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scaled. Thus, it is possible to produce detailed and relatively reliable maps of 
the groundwater recharge. 

I soil textura II land usa jj groundwater level I 
I I I 

I 

I ~possible evaporation" I potential evaporation I 
I I 

: I precipitation I I sprinkling I I hili slope I hydromorphic I type of soil 

L J I I r- correction 

l corrected 
precipitation l real I evapotranspiration 

I I 

I sealingl I l "natural direci 

J drainage eie. runaff ability" 

I I 
I 

I total runoff I I "real direct 
runoN ability" 

I I 
I 

groundwater recharge I 
Figure 5.2-4: The assessment 0/ groundwater recharge by combining the methods 0/ Glugla 
et al. (/976) and Därhä/er and Josopait (/980) 

Groundwater protection against pollution is based on several chemical, 
physical and biological processes. That is why special investigations for dif­
ferent pollutants are necessary. In Central Europe, several maps exist which 
visualize the general pollution risk of groundwater in large areas (scales). 
For a more detailed assessment of groundwater protection the method of 
Wohlrab and Zepp (in Marks et al. 1992) considers soil texture, soil humid­
ity and groundwater recharge. For specific pollutants special assessment 
procedures should be used. If the type of contamination is known, much bet­
ter results are possible in this way (Table 5.2-3). Related methods are pub­
lished e.g. in Marks et al (1992) and Bastian and Schreiber (1999). 

Table 5.2-3: Main parameters /or the assessment 0/ groundwater pro(eclion /rom specijic 

pollutants 

pollutants 
nitrate 
heavy metals 

organic pollut­
ants 

main parameters 
field capacity, climatic water balance, soil moisture, microbiotic activity 
metals and their compounds, pH-value, contents ofhumus, clay and ses­
quioxides 
organic compounds, chemical environment, pH-value, content ofhumus, 
clay and sesquioxides 
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Climatic balance characterizes the ability of the landscape to compen­
sate bioclimatic stress in settlements, industrial regions and along traffk 
routes. Generally climatic balance is based on the production of fresh air in 
more or less unimpacted areas, the transportation of this fresh air to the pol­
luted regions, and the exchange of the air according to natural peculiarities 
of the landscape (e.g. relief, roughness of surface). The determination of the 
climatic balance requires close-meshed measurement networks including the 
mobile recording of data from both the ground and the air. With the help of 
this data and detailed models of surface and land use, simulation of fresh-air 
streams and exchange is possible (e.g. Gerth 1987). 

Spatial planning normally cannot carry out such expensive measure­
ments. That is why empirical methods are often preferred, such as the 
method published by Alexander (in Marks et al. 1992). It is valid only for 
hilly and mountain regions containing polluted areas in basins or valleys. 
The point-assessment procedure considers the size of fresh air formation 
area, land use parameters, inclination, slope length, curvature and surface 
roughness. Nevertheless, quantitative results are not possible. For that, spe­
cial detailed c1imatic investigations are necessary. 

The lack of information is a serious constraint in landscape analysis and 
planning; this is particularly true for biotic landscape elements such as flora, 
fauna and biotopes, because they change permanently and very quickly. A 
possible approach to assess the most complex landscape habitat function 
(Figure 5.2-5) involves a network of hierarchical sampIe areas and methods 
varying in scale and intensity of examination (Table 5.2-4). Similar or 
analogous methodological frameworks can be elaborated for the investiga­
tion of other natural potentials and landscape functions. 

Figure 5.2-5: Functions 0/ undisturbed bogs are e.g. water retention and as ahabitat: The 
Endla bog, Estonia (Photo: 0. Bastian 2001) 
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In essence, the analysis and interpretation of habitat values can be ob­
tained by studies at five (to six) levels of investigation. Levels 1 and 2 do not 
require fieldwork but are confined to existing data (satellite data and aerial 
photographs, topographical and thematic maps). For levels 3 .. 4, and 5, preci­
sion and expense increase from land use and biotope-type mapping (level 3), 
via the mapping of vegetation, flora and fauna (level 4), to the analysis of 
those organism groups that are rather difficult to re cord (e.g. soil fauna, ar­
thropods, fungi - level 5). 

Table 5.2-4: Seale ranges, test areas and approaehes for evaluating landseape habitat value 
([rom Bastian 1992, 1999a) 

level of test area scale approaches 
research 

without field-work 
I a country 

I b district 

2 parts ofa 
district, 
commu­
nities 

with field-work 
3 as in 2 

4 small sam­
pie areas 

5 as in 4 

mainly laborative methods 
6 point-wise 

sampling 

I :200,000 interpretation of geocomponents, environmental 
media, land use impacts, 

I :25,000 analysis ofbiotope-linking, assessment offloristic 
and faunistic maps 

I: 10,000 as level I , but a more detailed registration 

I : I 0,000 biotope mapping (biotope types, landscape ele­
and smaller ments) , land use analysis (detailed) 

as in 3 analysis of actual vegetation (plant communities, 
vegetation forms, indicator species), landscape 
elements/biotopes, habitats) 

as in 3 registration of groups of species difficult to detect 
(irregularly appearing, mobile, living in conceal­
ment) or hard to deterrnine 

as in 3 morphometrical and biochemical (ecophysiological) 
investigations (esp. within biomonitoring programs) 

Criteria (interpreted indicators, see Chapter 3.3) of landscape habitat 
value are e.g. (Bastian 1996): 

Rarity: Rare/threatened species are, as a rule, dependent on very specific 
site conditions. They are especially sensitive to human influences. Their 
occurrence reflects completeness, quality and the protective value of an 
ecosystem or landscape. 
Degree of naturalness/hemeroby reflect the strength of human influ­
ence, especially the degree oftransformation of natural vegetation cover 
by man. This is closely related to ecological stability (see Chapter 5.1). 
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Diversity: The principle of diversity is of fundamental importance in the 
functioning of landscape balance, not only conceming the maintenance of 
genetic diversity, but also with regard to the reduction of undesired mat­
ter and energy fluxes and the aesthetic value. There are certain, but no 
absolute connections between diversity and ecological stability, too (see 
Chapters 5.1 and 7.7.3). According to Haber (1979b) there are three types 
of diversity: u- or species diversity, ß- or structural diversity (within one 
landscape element, e.g. different vegetation layers) and y- or spatial di­
versity of mosaics of very different, but homogeneous spatial units. 
Age/length of development: Ecosystems which need a rather short period 
for their development (ifthe necessary environmental conditions and ge­
netic resources are available) are less valuable (for nature conservation) 
than those needing longer periods (Table 5.2-5). 
Spatial (biogeographieal) aspects (see Chapter 2.8): 

biotope size: The larger an ecosystem is, the better are the chances 
for the maintenance of stable populations, both because of popula­
tion-genetic causes and also with regard to negative influences from 
the surroundings. Closely connected with that is the 
degree of isolation of the biotope. The more the character of the sur­
rounding land use differs, the more unfavorable are the circum­
stances for exchange between populations and consequently for their 
stability. 

Table 5.2-5: Duration 0/ development (age) 0/ several ecosystems (biotope types) ([rom 
Bastian 1992a, 1999a) 

age class 

Ir 

III 

IV 
V 

VI 

development 
(years) 

<5 

5 - 25 

25 - <50 

50 - <200 
200 - <1000 

1000 - 10,000 

examples 

short-living ruderal vegetation, segetal eommunities, initial 
stages of rough meadows on sand, vegetation of clear-felled 
areas 
meadows poor in speeies, herbaeeous perennial vegetation, 
eeotone eommunities, vegetation of eutrophie waters, poor 
rough meadows on sand, ruderal shrubs and initial woods 
older (but stilliittie differentiated) hedges and shrubs, oligo­
trophie silting vegetation, relatively rieh reeds, meadows, 
mesoxerophytie meadows and heaths 
relatively rieh vegetation offorests, bushes, hedges 
fens, transitional bogs, old riehly differentiated dry meadows 
and heaths 
peat bogs, old fens, forests with old soi! profiles 

F or biotope assessments it is common to combine these parameters with 
the help of mathematical formulae (like addition, multiplication of single 
parameters) or with the help of the benefit-value analysis and so-called eco-
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logical combination matrices. Complex biotope values are very we\come 
for planning purposes, because they are better to handle for authorities. But 
one should not forget the disadvantages of such complex values (see Chapter 
5.3.4). The assessment of landscape habitat function should not be restricted 
to the present state, but it should also point to necessities and goals of land­
scape developmentlmanagement (Table 5.2-6) . 

Table 5.2-6: A possible gradation for the evaluation 0/ biotope types ([rom Bastian 1999a) 
1 - highest to 5 - lowest value 

I - Very endangered and essentially declining biotope types with high sensitivity to human 
impacts and with long time for regeneration; habitat for many rare and threatened species; 
mostly a high degree ofnaturalness and only extensive or no use, hardly or not at all re­
placeable, absolute priority for protection 
2 - Endangered and declining biotope types with a medium sensitivity, with medium to long 
regenerative times; important as habitat for many, partly threatened species; a high to a 
medium degree ofnaturalness, medium or low land use intensity, only partly replaceable; 
priority for protection or improvement 
3 - Common endangered biotope types with low sensitivity, rather quickly regenerable, as 
habitats at best of medium importance. As aminimum, present state should be maintained 
but ideally enhancement to more valuable biotopes should be achieved. 
4 - Very common, heavily impaired biotope types, as habitat ofminimal significance, low 
degree of naturalness, short regenerative times, transformation to ecosystems being closer to 
nature is desirable 
5 - Very heavily impacted, devastated or sealed areas, an improvement of ecological situa­
tion is necessary 

5.2.3 The assessment of heterogeneous spatial units 

The dimension problem, i.e. the choice of an appropriate scale inc\uding 
corresponding landscape objects (as indicators) and methods, is very impor­
tant for the assessment of landscape functions and for the elaboration of 
management goals (see Chapter 7.2). The methodological problems in small 
scales (i .e. for small areas and in great detail) have been solved to a great 
extent (e.g. Bastian and Schreiber 1999, Marks et al. 1992). Dealing with 
large areas (in meso- or macro-scale), however, is difficult due to the short­
age of appropriate data and methodologies, but especially because of the 
heterogeneity of reference areas (e.g. landscape units). 

In principle, the following fundamental ways of solution are possible 
(Bastian et al. 1999): 

holistic approach: the consideration of heterogeneous spatial units as an 
entity without disintegrating them into smaller constituents, 
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- partly selective approach: their division into different parts with defined 
location or the consideration of characteristic basic units as mosaics (pat­
terns), and 

- elementary approach: their full dis integration into separate parts (land­
scape components or elements) or the general denial of the existence of 
complex spatial units. 

Table 5.2-7: Degrees (and spans) 01 the potential erosivity (with relerence to slope and soil 
cover, without regard to land use) according to possible combinations 01 both lactors ([rom 
Bastian et al. 1999) 

slo~e classification >0.5°_3° >3°_7° >7°_16° > 16° 
pile ofrocks, gravels and their mixtures I 2 2 - 3 (2) 
with sand 
sands, mixtures of loam and loamy I - 2 (2) 1 - 4 (2) 2 - 5 (4) 
sands with coarse erosion material 1 - 3 (2) 2 - 5 (3) 
loamy sands 1-2(1 ) 2 - 3 (2) 3 - 5 (4) 4 - 6 (5) 

1 4 - 6 (4) 
sandy silts 1 - 2 (2) 2 - 3 (2) 2-6(4) 4 - 6 (6) 

1 - 2 (1) 2 - 5 (4) 4 - 6 (5) 
silts 1 - 2 (2) 2 - 3 (2) 4 - 6 (5) 6 

5 - 6 (6) 
loams, silt~ loams 1 - 2 {2} 

explanation: erosion danger: minima - maxima (average), bold: r-factor"" 60, italies: r-factor 
"" 50, normal: both r-factors 

The assessment of landscape functions for heterogeneous reference units 
at a medium scale was devised by Bastian et al. (1999) as folIows: 

- biotic yield potential: Assessment of the soils predominating in the ref­
erence unit, 
resistance to soil erosion: Simulation and assessment of all possible 
combinations ofthe parameters soil texture, slope, land use with the help 
of a matrix, and considering all possible spans of va lues (Table 5.2-7). 
This matrix is a system ofrules. In boxes (ofthe matrix) several degrees 
ofvalue (heterogeneity!) can be derived; fuzzy decision systems should 
be applied. 
runoff regulation: Calculation of a medium runoff-quotient for every 
unit with the help of slope and soil parameters; evaluation of average 
numerical values ofthe main land use types; subsequent division ofthe 
land use by the runoff-quotient, 
groundwater recharge (see Figure 5.2-6): Aggregation ofresults which 
were obtained for the smaller homogenous units, 
groundwater protection: Application of results from an existing meso­
scale map regarding the predominating values in every unit, 
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habitat function: Calculation of aggregated values through an ecological 
combination matrix from the following indicators: degree ofnaturalness 
of vegetation (dominance and combination types/mosaics according to 
Schlüter 1992, 1995), share of valuable biotopes in the reference unit in­
c1uding size and isolationlconnectedness ofthese biotopes, 
potential for recreation: Assessment ofthe landscape sc:enery (wh ich is 
caused by natural factors and land use) by structurallandscape parame­
ters. 

[] 1 :.ommly 

EITl :.1 100 mmly 

lI!IIlI!I 1011:.0 mmly 

• 1:'1200mmly 

• 201 2:.0 mmly 

Figure 5.2-6: Landscape functions (exarnpie: annual average groundwater recharge) in het­
erogeneous reference units (rnicrogeochores) in the Upper Lusatian Heath and Pond Land­
scape (Saxony, Gerrnany) 

5.2.4 Changes in landscape functions 

The assessment of landscape functions/natural potentials is not only im­
portant for the status quo, but also for former (and future) situations. Usu­
ally, in landscape change studies, only symptoms are described, such as land 
use and land cover changes, loss of landscape elements, biotopes, biocoe­
noses, and decrease in biodiversity. Thus, it is hardly possible to grasp the 
charaeter of landseape ehanges, especially with regard to funetional aspects 
and relations. With the help of landscape functions, however, it is much 
more possible to foeus on functional aspeets and to interpret ecological fune­
tioning and usability of landscape at different times (Figure 5.2-7). Thus, a 
more dynamic view and methodology in landseape ecology and planning is 
promoted here. 
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Figure 5.2-7: Change in the medium yearly total runoff in a test area in the Upper Lusatian 
Heath and Pond Landscape biosphere reserve (Saxony, Germany) between 1952 and 1998 
([rom Röder et al. 1999) 

5.3 Landscape evaluation 

5.3.1 The essence of evaluations 

An evaluation is the crucial step in processing analytical data for deci­
sion-making and action, Le. to convert scientific parameters into socio­
political categories. This was defined by Neef (1969) as the "transformation 
problem". Generally, an evaluation is a relationship between an evaluating 
subject and an object under evaluation (Bechmann 1989); the assessment of 
the degree of achievement of an objective compared with the original objec­
tive. 

Alandscape ecological evaluation is related to the capacity of the land­
scape to perform its essential functions ("natural balance"). Thus, we depart 
from purely recording objectively the state of the landscape and its changes, 
and create the suppositions for directed interventions through landscape 
management. Ecological facts, effects, and contexts are translated into pa­
rameters which are relevant to human society in order to draft goals and po­
litical decisions. At best counting, measuring, classifying and similar proce­
dures can be regarded as preliminary stages but not as complete evaluations; 
they are not sufficient for immediate application to practical purposes (e.g. 
landscape planning). This concerns the determination of numbers, rarity, 
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diversity of species, age and naturalness of ecosystems, too. At first, these 
parameters represent "only" ecological facts without any indications for ac­
tions. 

Figure 5.3-1 may be regarded as a model far evaluation procedures on 
different levels: The analysis is followed by data processing (e.g. classifica­
tion, comparison, combination). Only the second level of evaluation proves 
to be an evaluation in the strict sense (comparison of the present situation 
with the goals), a real transformation (of scientific data into social parame­
ters) takes place. First, it is a matter of (a) specialist evaluation(s) within the 
competence of nature conservation and landscape management. The transi­
tion from a monosectoral view (e.g. the omithological value of a woodlot) to 
a multisectoral view (the significance for the protection of species and bio­
topes to achieve the natural balance in the broadest sense) represents a grow­
ing complexity. On the third level of evaluation, a reconciliation (political 
weighing of interests) with other policies, land users (outside of nature con­
servation) and stakeholders is realized (Figure 5.3-2). 

analysis 

data processing 
(classification, 

specific evaluation 
(by specialists) 

a - monosectoral 

n - multisectoral 

+ transformation step 2 

comprehensive 
evaluation 

(by human society) 
= political weighing 

,-------c_t'--:-_-----;transfOrmatiOn step 3 

decision I 

action 

Figure 5.3-1 : Model of an ecological 
evaluation with different levels (trans­
formation steps, from Bastian 2000b) 

This is the basis of decision-making and, finally, of concrete actions (im­
plementation of results) . Essential suppositions for the landscape evaluation 
and for the planning and projection of measures are scientifically based goals 
which are created by human society and which are formulated as laws, stan­
dards, limits, and concepts (see Chapter 7.2). Evaluation ancl environmental 
goals (visions) are interrelated. A concrete evaluation result essentially de­
pends on subjective and inter-subjective value systems. Conversely, results 
of evaluation can influence goals: e.g. the statement of unfavorable enVl­
ronmental conditions can trigger actions to find a remedy. 
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An evaluation sensu strictu indicates the extent and the manner of nec­
essary measures. It provides the norms and orientations for the concrete ac­
tion which is always adecision between several options. For evaluation de­
manding general validity, a consensus ofthe human society is necessary; it is 
the matter of conventions, and thus depends on the situation and time. There­
fore, evaluation can never be objective. The skill of evaluation is the com­
bining of facts and standards of value to achieve a sensible judgement. 
Evaluations always depend on the competence of the evaluating subject. On 
no account should subjectivity mean arbitrariness or irrationality, since an 
evaluation is or should be comprehended also by other subjects (intersubjec­
tivity). Necessary preconditions for this are: facts and standards of value are 
disclosed and they are combined in a systematical manner, i.e. using well­
defined assessment procedures (Bechmann 1995). The aim of formalized 
evaluation algorithms is to rationalize the (landscape ) planning process and 
to increase the acceptance ofthe results by human society. 

Figure 5.3-2: The results of landscape evaluation also depend on each sodal group involved. 
Rich jlowering but less productive meadows are appreciated by nature conservationists and 
tourists, but not so by farmers: Colorful mountain meadow near Zazriva (Kysucke low moun­
tains, Slovak Republic) (Photo: 0. Bastian /985) 

5.3.2 Assessment methods 

There is an immense number of different assessment methods. A sys­
tematization is necessary. We can distinguish, for example, numerical­
additive and -multiplicative combinations (point systems, ranking), logical 
combinations (matrices, decision trees, dendrograms, AND/OR­
combinations) and mathematical-statistical combinations (cost-benefit analy­
ses, benefit analyses of the 1 sI and 2nd generation). 
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Among mathematical methods point systems which aggregate several 
criteria by summarization or multiplication are especially important, as are 
index approaches which process the criteria with more or less complicated 
arithmetical operations in order to achieve a single unified number (an in­
dex). Such arithmetical operations, however, are more and more criticized 
and should be avoided in many cases, because of (Nipkow 1997): 

the danger of subjective parameter weighting, 
ecosystem characteristics are seldom independent of one another, and 
there are correlations leading to interferences, redundancies and cumula­
tions, and 
the inflexible algorithms of mathematical methods, especially with regard 
to region-specific conditions (e.g. data availability). 

Marks et al. (1992) reduce all ecological evaluation methods to four main 
groups: assessment of ecological: 

suitability of ecosystems and landscapes for certain demands of human 
society (e.g. soil productivity), 
loads/impacts: impacts to/damages of ecosystems by human influences 
(e.g. soil compaction, industrial emissions), 
value: diversity, naturalness, perfection, healthy, functionality of ecosys­
tems and landscapes (e.g. the "value" of alandscape structural element 
for a microc1imatic amelioration or for an animal population), 
risks or effects: risks of environmental impacts to nature and landscape 
wh ich can cause harm to the ecosystem balance (e.g. the risk of road con­
struction). 

Further aspects of c1assification of assessment methods are, for exam­
pIe, the related branch of land use, the data basis involved (number and kind 
of criteria or indicators), the complexity and complicated nature of the ap­
proach, the method of data processing and the form of representation of re­
sults. 

In the case of economic evaluations, the price (expense, costs) is the 
common comparable reference unit. For many ecological, ethical and aes­
thetical evaluation problems, however, it is very difficult or even impossible 
to calculate monetary values. Non-economic evaluation approach es often are 
a more sensible alternative, because essential natural values cannot be en­
compassed by a utilitarian, quantifying value system. 

5.3.3 Scaling 

Scaling in assessment procedures can be realized in a cardinal mann er 
(true measurements, ranking with defined distances) and/or in an ordinal 
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way (detennination of ranks and nominally i.e. presence/absence of an ob­
ject or parameter). The choice of a suitable type of scaling depends on the 
available data and the particular purpose. For many areas and facts in nature 
conservation and landscape planning an ordinal scaling is sufficient, 
whereas, für example, for the compensation of environmental impacts quan­
titative comparison is needed. The disadvantage ofnominal fonns (+1-) is the 
missing scope for weighing two things against each other. In comparison to 
formalized (quantitative) methods, verbal-argumentative (qualitative) 
evaluations can be advantageous, especially in order to (Hübler 1989): 

inc\ude facts which cannot be quantified at all (e.g. the "value" of a bird, 
the beauty of a flowering meadow), 
mediate the results to laymen, 
consider special conditions much better, 
bridge the lack of concrete goals for environmental quality, 
get by on low cost and time expenses, and to 
avoid a subjective weighting of criteria. 

Risks/disadvantages of such qualitative evaluations are the 

- insufficient c\arity (comparability), 
more difficult to justify (comprehensibility), and 
difficult processing by computers. 

Both qualitative and quantitative approaches can be combined, for exam­
pIe, in environmental impact assessments (see Chapter 7.4). At first, using a 
computer-supported quantifying method, a preliminary evaluation and a re­
duction in the number of variables is carried out, and then, the remaining 
variables are evaluated qualitatively, i.e. with verbal arguments. 

Today, linear allocations and combinations of values are most usual. 
Admittedly they are easy to handle, but in many cases they are not adequate 
for complex natural systems. Non-linearity is very much a characteristic of 
natural systems. That is why, logarithmic or exponential allocations of val­
ues are also appropriate. The transformation of observations and measure­
ments into values (according to an appropriate ordinal scaling) can be real­
ized by so-called "condition-value-relations" (PI achter 1992). 

The optimal number of ranks also depends on the actual task. Evalua­
tion methods should lead to three or five, at maximum, seven degrees. As a 
rule, more degrees are not appropriate or justifiable. They will not contribute 
to better decision-making, but confuse rather than c\arify the specialist's po­
sition. In any case, the number of degrees should be odd to avoid a mean 
value (Auhagen 1997). If the differentiation is too detailed (too many de­
grees) the cases with no c\ear-cut borderlines will greatly increase. It is very 
important, that (Reck 1996): 
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- the differentiations are relevant for (practical) purposes, I~.g. planning, 
well-defined rules for allocation exist, 
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a reliable comparability ofweighing up in different planning procedures 
is achieved, and 
the degrees ofvalue can be understood 10gicaIly. 

5.3.4 Demands on evaluation methods 

Because of the existence of very different standards of value, comparing 
results of evaluations is often difficult. 

An universal algorithm for landscape ecological evaluations inc1udes 
the following steps: 

definition of the aim of evaluation, 
choice of suitable methods, 
definition of criteria, graduations of scales, and restrictions, 
analysis of necessary ecological data, 
weighting and combination ofthe data analyzed, and 
interpretation of the results. 

Ecological evaluations should meet the following minimum demands: 

logical structure of the method as the basic precondition, 
c1ear distinction between the steps "analysis of data" and "evaluation", 
no use ofthe term "evaluation" without any relation to value judgements, 
consideration of present knowledge and evaluation criteria, 
validity, plainness and flexibility of approach, 
appropriateness of the chosen methods for the analyzed landscape area 
and the necessary precisionlscale, 
relevance of the evaluation methods and criteria applied, as weIl as the 
necessity and aims of each evaluation step, 
taking all essential factors and conditions into account, 
reliability of analytical data and ecological contexts, 

- documentation ofthe type of data applied, description of its quality and 
completeness, 
appropriate scaling of all parameters, 
accessibility to necessary analytical data in ajustifiable time, 
transparency of data analysis and processing, 

- scientifically sound, logical derivation of all aggregation steps and their 
comprehensible presentation; documentation of essential interim results, 

- explanation of the relations between single criteria, 
- sufficient differentiation within the evaluation steps, 
- plausibility of rules for allocation of values to analytical data, 
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formalized methods must not demand too much quantification from the 
basic data, and 
unambiguous, exact and significant data as results which should be suit­
able for the presentation in maps. 

Obviously, all evaluation methods satisfy, at best, some of these de­
mands. There is no ideal procedure. All have specific advantages and disad­
vantages, which favor them for different tasks. Sometimes, it is better to use 
several approaches simultaneously. The peculiarities of the actual case 
should always be considered. A critical view, sometimes also a modification 
of the chosen approach, is necessary in order to achieve suitable results. Ac­
cording to Leser (1983) and Hase (1992), the main failings of existing 
evaluation procedures are: the poor consideration of ecological contexts, 
the feigning of objectivity by a seeming quantification of (qualitative and 
semi-quantitative) facts, difficulty and poor intelligibility. There is often no 
separation between analytical and normative levels i.e. the fundamental dif­
ferences between the ecological research and evaluation are not considered 
sufficiently. The natural processes are mostly too complicated for our imagi­
nation, and certainly for formalized evaluation schemes. Knowledge and 
data basis are too poor, but landscape planners and ecological experts usu­
ally cannot wait till the completion of basic research (which will never be 
achieved), since propositions for decision-making are expected immediately. 
Thus, for the time being we must be content with the available knowledge, 
even at the risk of fallacies. 

In conclusion it should be mentioned that an aggregation of several eco­
logical parameters always contains uncertainties (Marks et al. 1992). The 
combinationJsummarizing of entirely different facts respecting ecological 
characteristics as complex statements of so-called overall-ecological value 
is not meaningful at all. From the final result it is not even possible to con­
clude approximately the parts of the evaluation. If an evaluation approach 
attempts to solve too many special tasks, or if within one step of the proce­
dure too many partial goals are integrated, the applicability is lost or be­
comes too complex to be comprehensible. 

There are several problems resulting mainly from the heterogeneity of 
the landscape: 

uncertainty in the classification of the input data, 
data gaps and inaccuracy in the data, 
variability in time and spatial heterogeneity, and 

- reduced availability of representative indicators. 

Therefore, traditional assessment methods have to be replaced by a data 
model that takes the degree of variation into account, and that also allows 
statements on an uncertain and incomplete database. The fuzzy set theory 
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provides methods for allotting objects into categories in wh ich the transition 
from membership to non-membership is gradual rather than abrupt. As a re­
sult of the model's application one gets all the probability values. These val­
ues describe the degree to which an element belongs to the observed set 
(Steinhardt 1998, Syrbe 1996). 

5.4 Landscape assessment and multicriteria optimization2 

5.4.1 Initial questions and functional assessment 

As we know, landscape has to fulfil various functions simu1taneously on 
the same area. This inevitably leads to land use conflicts. How should this 
situation of conflicting aims concerning future landscape development be 
dealt with? Traditional assessment methods have to be upgraded for a meth­
odological framework to mediate between the different goals and to provide 
a compromise solution. Special attention needs to be paid to maintaining and 
restoring regulation functions. Nevertheless, other functions must not be ne­
glected. Therefore, interest is primarily directly towards methods wh ich con­
sider a number of different functions simultaneously in integrated model sys­
tems. 

Landscape ecological assessment beg ins by seeking guidance criteria 
oriented towards regulatory and other functions . As is standard practice in 
landscape planning (see Chapter 7.3), the survey region first has to be de­
marcated and basic data have to be compiled. The models, goals and a selec­
tion of the landscape functions taken into account should be discussed in 
internal expert discussions. The selection of landscape functions depends 
on the model chosen for the study area and the relevant issues, and takes 
place after an initiallandscape analysis. Although the integration of as many 
functional levels of consideration as possible theoretically best reflects the 
multi-functionality of the landscape, for practical reasons this approach 
should be avoided. lt should be borne in mind that an excessively large 
number of functions will reduce the c\arity and comprehensibility of the 
findings (due to overlapping by functions with a similar effect). The selec­
tion of ecological or other functions (optimization goals) should therefore 
focus on the main ones. 

The assessment applied is mainly based on methods described in Marks 
et al. (1992) and other validated methods in the literature. All these methods 

2 With the assistance of R. Grabaum and H. Mühle; the article was published in a former ver­
sion in Krönert et al. (200 I) 
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are restricted to an application on the topological level (see Chapters 2.1 
and 2.2). A selection of assessment methods is Iisted below: 

- soil erosion by water (Schwertmann et al. 1987), 
soil erosion by wind (Smith et al. 1992), 
runoff regulation (Marks et al. 1992), and 
production function (soil indices) in Scheffer and Schachtschabel (1984). 

Landscape ecological assessments are carried out in the GIS by linking 
up the corresponding data levels with comprehensible rules. GIS is also used 
for data acquisition, the further processing of data, presenting scenarios and 
showing the findings of optimization (see Chapter 6.2). The findings of the 
assessments are shown in ordinal c1asses (frequently with 3 or 5 levels). This 
classification into c1asses is essential for the further use of the results in the 
optimization. The main basis for such techniques is alandscape analysis 
(see Chapter 3.2). This entails using the generation of data in the Geoe­
cological Mapping Instructions (Leser and Klink 1988). In the method pre­
sented, the possibility of the direct further-processing of data using the GIS 
(e.g. as a guide for optimization) is ofkey importance. 

5.4.2 Scenarios for land use options 

In order to describe future land use, as weH as to present the land use 
changes and their effects on the (landscape ecological) functions, various 
scenarios (see Chapter 4.3) are defined and evaluated with respect to the 
objectives. Each of these scenarios contains a different scope of land use 
changes. When defining the objectives and during problem analysis, it is ini­
tiaHy determined whether optimization takes place or whether the change in 
land use can be described with other methods. As far as optimization is con­
cerned, this means that for each function which can be described in an areal 
manner, an objective is defined based on the evaluating analysis which is to 
be achieved with a change in land use (for example, the reduction in erosion 
by at least 30%). 

If optimization is used to ascertain land use options, function-related 
goals need to be formulated. Achieving these aims entails defining restric­
tions. These incIude, in particular future, areal percentages of the land use 
elements under consideration. These areal percentages will not be exact, but 
will instead be defined within certain limits (for instance the growth of for­
estland may account for between 6% and 8% of the area to be optimized). 
The extent to which the goals are achieved can be reviewed after each opti­
mization run. Should it not be sufficient, a new optimization run with differ­
ent areal percentages can be started at any time. However, it should be noted 
that as soon as the aim is defined a certain areal percentage corresponding to 
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the original model must be assumed (for example, a very high proportion of 
forest does not correspond to the model of an open agricultural landscape ). 
Thus compromises are to be sought ifthe aims are to be achieved. 

In addition, decisions will have to be made conceming the exclusion of 
areas or the exclusion of uses for certain areas. The scenario thus developed 
containing indications of the goals of future land use changes provides the 
framework for landscape optimization. The scenario hence corresponds to an 
initial, more precise specification ofthe model. 

5.4.3 MuIticriteria optimization 

The common approach of superimposing different assessment maps to 
generate "conflict maps" does not fully meet the requirements of an accurate 
planning tool. As it only highlights the incompatibility of different land use 
options when the conflict zones are obvious, it cannot produce the integrated 
view needed for a planning region. 

Grabaum (1996) developed a computer-based method combining land­
scape ecological assessment with optimization. This formed the basis of the 
Method of MuIticriteria Assessment and Optimization, designed for the 
low structured agrarian landscape near Querfurt (Saxony-Anhalt, Germany) 
and other sampie sites (Grabaum and Meyer 1998). The possibility of link­
ing up assessments based on landscape elements with the rnethod of multic­
riteria optimization was described by Koch et al. (1989), and then put for­
ward by Grabaum (1996) as a computer-based integrated method. 

The mathematical method of multicriteria optimization achieves results 
which can be considered as optimal compromises between different goal 
functions. These functions may often be mutually conflicting. The assess­
ment results (i.e. the results of each goal divided into classes) are used as 
coefficients for these functions. Hence, assessments have to be carried out 
for the entire set ofvariables. The number ofvariables is equal to the number 
of evaluated landscape elements multiplied by the number of polygons. 
Thus, each landscape element has to be considered on the level of each 
polygon. Alandscape element may completely cover a polygon or share it 
with other elements (Figure 5.4-1). 

Equality restrietions (area of polygons) or inequality restrietions (the 
whole size ofthe landscape elements) define the boundaries of optimization. 
Optimization is part of "linear programming" (e.g. Wemer 1993). The opti­
mal in this case is defined as folIows: A solution (variable assignment) is 
optimal if a higher value cannot be achieved for one goal without decreasing 
the goal function value of at least one other goal. This case of optimality is 
denoted as PARETO optimality (Dewess 1985, Wierzbicki 1979). The val­
ues of goal functions are in turn used as a criterion to measure the optimal. 
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These values can be calculated by adding the products of areas obtained as 
solutions (see areas with values greater than 0 in Figure 5.4-1) and their cor­
responding goal function coefficients. 

Landscape elements: A , B, C 

Set of variables: 
x IA.X IB,X lC,X2A, XZB . X2 C. X3 A, X3B , X 3C 

Possible occupation by variables: X IA XI8 X IC X 2A X 28 X 2C XJ A XlB X 3C 

o 20 0 8 10 0 0 0 17 

Figure 5.4-1: Set ofvariables and ajictitious solution (assignment ofvariables) (Grabaum 
and Meyer 1998, modijied) 

The method used here is based on game theory and was elaborated by 
Dewess (1985). The optimal is calculated by minimizing the maximum dif­
ference of each goal value from its optimal value. This method involves cal­
culating optimal values for each goal (without considering the other goal 
functions). This enables the risks of a monofunctionallandscape to be identi­
fied. One peculiarity of this method is that the user can interactively calcu­
late an arbitrary series of solutions by weighting each of the goal functions 
subjectively. The set of solutions is therefore infinite. Optimization is carried 
out using the software LNOPT (Grabaum 1996). The software has to be 
adapted to the problem at hand by defining different values. For more infor­
mation about optimization methods see Grabaum and Meyer (1998). 

5.4.4 Optimization aims for conservation goals 

After extensive assessments of ecological functions had been carried out 
in a specific study area, hence enabling the degree of fulfilment of the provi­
sional model to be estimated, multicriteria optimization is required in order 
to ascertain land use options for the nature conservation scenario. This 
model exemplar could be defined as folIows: The study area should preserve 
the character of an open agricultural landscape with extensive soil protec­
tion, an increase in the soil's retention capacity, and the maintenance of high 
productivity. Economic and social conditions are to be organized such that 
they are in tune with the preservation or improvement in biotic (biological 
diversity) and abiotic resources, and that the population can be ensured a 
sufficient income with high social acceptance of their work. The proportion 
of biotope structures for nature conservation is to be increased. 
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Starting from the current state, the ecologically substantiated main aims 
listed below for the implementation of this model can be formulated for the 
nature conservation scenario following Mühle (1998): 

- reduction in soil erosion by water as a contribution to soil protection 
(function I), 

- improvement in the retention capacity (function 2), 
- continuation of production on soils with the highest soil indexes (function 

3), 
- reduction in soil erosion caused by wind as a contribution to soil protec­

tion (function 4), 
increasing landscape and species diversity, and 
creation of biotopes. 

The aims of increasing landscape and species diversity and the creation 
of biotopes can be achieved if single functions/aims are met by changing 
land use. First of all, the optimization area within the study area must be de­
fined. Although basically all the land evaluated can be covl~red by optimiza­
tion, it makes little sense to include built-up areas, infrastructure, surface 
water, bushes or existing grassland, as their current uses are to be preserved. 
Hence only cultivated areas should be included. As only the arable land is 
regarded as the optimization area, the percentage of land relevant for conser­
vation purposes compared to the entire area is somewhat lower. 

In order to obtain the smallest common geometry in the GIS for the op­
timization area, the assessment results of the target functions are divided into 
separate areas. The restrictions of element size have to be fixed before opti­
mization. This can be done by setting the upper and lower boundaries. Alter­
natively, the optimization problem can be solved without defining an ele­
ment size. Other restrictions can be integrated (for example specifying defi­
nite landscape elements on a restricted number of polygons). 

5.4.5 Maximization and compromises 

During optimization, first of all the maximum values of the exemplar 
functions "reduction ofwater erosion", "improvement in the retention capac­
ity" and "improvement in the production function" are ca1culated. The func­
tion "reduction of the soil erosion due to water" is a minimization function 
(minimizing potential erosion by the suitable choice of erosion-inhibiting 
landscape elements); the other two functions are maximization functions . 
As all the aims are maximized by the LNOPT program, the minimization 
function "soil erosion due to water" is converted into a maximization task by 
multiplying it by -1 ("maximization of the resistance to soil erosion due to 
water''). 
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The maximum va lues can be used to identify the problem areas for the 
individual ecological functions and to improve them by means of land use 
changes. The other functions are not considered. Therefore the realization of 
the results from the maximization of one single function is not recom­
mended. 

Consequently, a compromise has to be found. For this purpose, the indi­
vidual functions can be weighted so that in each case a different 'optimal' 
compromise can be determined. For the optimization area, three compro­
mises were calculated for each scenario. They differ in terms of the weight­
ing of the individual goals (Table 5.4-1). First of all, all the objectives are 
weighted equally (I: I : I). Other possibilities include favoring two functions 
over the third function (10 I: 101: 100 in compromise 2) and the gradual pref­
erence of each function (75:74:73 in compromise 3). Weightings describe 
the preference structure for the goals in a model system. The weightings are 
multiplication factors to calculate the variation of equal weighting. If the 
differences of weightings are too stark the results incline to the maximization 
of one goal (fictive compromise weighting: 3: I: I). 

Table 5.4-1: Weighting ofthefunctions in compromise optimization 

function 
water erosion 
retention capacity 
production function 

compromise 1 compromise 2 
101 
101 
100 

compromise 3 
75 
74 
73 

The improvement in the individual functions can be gauged from the 
functional value. The functional value is the sum of the products of area size, 
containing element x, and its assessment. 

In each case, the maximum values and the compromises shown in Figure 
5.4-2 are highlighted in bold type. It can be seen that in the scenario "7.5% 
conservation area", the current functional values are significantly less than 
the functional values of optimization (compromise 1) for the two regulatory 
functions "erosion protection" and "retention". By contrast, the current func­
tional value for the production function is higher than the optimal values -
for during reorganization, farming is ceased on some areas. The difference 
depends on the area envisaged for the new biotope structures. 

In Figure 5.4-2 it is apparent that the functional values for current use 
(solid line) are partly far below the optimal values of the compromise solu­
tions (with the exception of the production function). Optimization thus 
brings about an improvement in the regulation functions (line for compro­
mise I). It should be noted that the three axes in Figure 5.4-2 are completely 
independent of each other and for graphic reasons their origin cannot be 
shown. The Utopia Point consists of the maximum values of the individual 
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functions. It is actually a theoretical value, because the maximum values of 
all the functions included in the method never can be reached simultaneously 
owing to their opposing aims. 

296 

Water erosion 

Production function 

- Currentuse 

Optimum solution of 
- aJl functions ­

' UTOPIA POINT' 

__ Compromisel 

•••••••••• H Maximization of 
production 

Maximizing preven­
tioß of water erosion 

146 

148 

Reu:ntion 

Figure 5.4-2: Comparison of (target) function values (x 106) ofvarious optimal solutions 
with the current use for scenario 7.5% conservation area (Grabaum and Meyer 1998) 

5.4.6 Summary and conclusions 

All in all, there are many ways to improve the presented method and 
make it a powerful instrument for planners that can help tackle diverse re­
quirements in a planning region. Functional assessments and optimization 
used in turn are a powerful instrument in the preparation of political deci­
SlOns. 

One particular strength of the method is its constant processing in a GIS 
up to the preparation of a draft landscape plan (see Chapter 7.3), which is 
produced in an area-specific manner, and every step of which is comprehen­
sibly drawn up on the basis of vector information. This means that goals 
(e.g. from the conclusion of the model) can be expressed more precisely for 
a specific location while simultaneously taking the whole study area into 
account. Another major advantage is that an infinite number of scenarios can 
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be produced by changing the weighting. Therefore, the further development 
of the method must focus on the problematic, normative selection of the sce­
narios to be caIculated and the weightings to be used. In future it will be pos­
sible to use decision-support methods for the selection of functions. 

5.5 Landscape perception and aesthetics 

5.5.1 Aesthetics and the perception of beauty 

People's perception of the lands cape through the senses results not in an 
objective picture, but rather a subjective overall impression (Figure 5.5-1). 
Aesthetics is the study of beauty and its perception. It can be expressed in 
a simplified manner as an object-subject model. If we consider the aesthetic 
relationship between a human and the landscape, the landscape is the aes­
thetic object, while the person perceiving it is the aesthetic subject. The aes­
thetic object triggers a sense of aesthetic perception; a process of aesthetic 
perception takes place in the aesthetic subject (Nohl 1980, Wöbse 1981). 
Using this model, landscape aesthetics can be defined as a branch of aesthet­
ics dealing with the interrelations between the landscape and human percep­
tion . The main factor concerned is the beauty ofthe landscape. 

Figure 5.5-1: While perceiving landscape, not only an image but a view, an opinion and an 
overall impression are emerging: Scenery in the Allgäu Alps (Bavaria, Germany) (Photo: 0. 
Bastian 1996) 

A person's aesthetic appraisal of objects such as the landscape and sec­
tions thereof results from the interplay of facts and values concerning the 
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objeet whieh are eonseiously or uneonseiously assoeiated with it by the per­
son. Aeeordingly, beauty is not an intrinsie eharaeteristie of something, but 
instead a value attributed to it by humans (Wöbse 1993). Beauty is feIt emo­
tionally; aesthetics is a rational appraisal. 

The duality of perceptible form and mental image also moulds the con­
ce pt of the appearance of alandscape. The appearance of a landseape means 
more than the objective landscape; the term also expresses that the landscape 
is subjected to an (aesthetic) appraisal (Boulding 1956, Lynch 1960). Both 
terms - landscape aesthetics and landscape appearance -- hence mean the 
same thing. The difference is that "landscape aesthetics" stresses the process 
of appraisal, while "landscape appearance" expresses the result of aesthetic 
appraisal (Wöbse 1993). 

5.5.2 Perception of landscapes 

Perception refers to the process of receiving and processing environ­
mental information. Since this process always takes place when carrying out 
some sort of activity, it has a functional nature (Becker and Keim 1972). The 
part of perception which involves processing environmental information is 
known as experience. 

Alandscape is always assessed depending on how it is experienced by an 
individual in this landscape, and is therefore dependent on location. The 10-
cation itself determines the viewpoint of the landscape perceived (angle of 
vision, direction of vision, distance). Consequently, rather than having one 
single appearance, alandscape actually consists of very different landscape 
appearanees (Hübler 1991). 

The subjective process of experience must be regarded as being as 
equally realistic as any other scientific findings (von Weizäcker 1992). 
Every single person perceives his or her surroundings via their sensory or­
gans. Consequently, appraisal and perception are subjective. The process 
of perception is a very complex, holistic process. It can be described via 
process levels ofperception (Figure 5.5-2). 

This process of perception can be divided into the following four levels 
(Capra 1991, Trieb 1977): 

spiritual world : the environment and "the great whole" as determined 
by God and/or nature, 
existing world: the objective temporally defined worId independent of 
the pereeiver; it is also quantifiable reality, 

- effective world : the environment as perceived through the senses (sight, 
hearing, smell and feelings as a whole), and 
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experienced world (subject level): subtle picture ofthe effective world 
on the basis of specific personality traits. 

The object of spatial planning is mainly the experienced and the effective 
environment. 

Figure 5.5.-2: Levels 0/ perception 
(draft: Panse 2001, unpublished) 

The fact that the landscape cannot be perceived and experienced as a 
whole is partly due to the physical conditions of the environment, as weil 
as the subject's Iimited perception capacity (Schafranski 1996). Perception 
is always synaesthetic. Memory plays an important role; if it were not for 
memory, perception would be impossible. The formation of the subject's 
personality depends on memory. Accordingly, the appearance of alandscape 
is a combination of perceived, remembered and expected elements (Borgeest 
1977). Nohl (1990) summed this up as folIows: "Whether we regard a land­
scape as beautiful is by no means merely determined solely by what we see 
or what we find out through our senses. One decisive factor is also what we 
know (or think we know) about the landscape." Similar findings were pro­
duced in an American study, in wh ich orange-colored pine stands on photo­
graphs tended to be regarded more positively the larger the visible amount of 
discoloration. A control group wh ich had previously been informed that the 
discoloration indicated pine disease was of the opposite opinion (Buhyoff et 
al. 1979). 

The aesthetic appraisal of the landscape depends on mood, expectation, 
motivation, attitude, values, professional activity, experience, knowledge, 
world-view, needs, etc. Therefore perception is also affected by social fac­
tors, and is open to manipulation and motivation. Every era of cultural his-
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tory has its own aesthetic ideas and values upon which the styles of land­
scape architecture are based. 

5.5.3 Aesthetics in the planning process 

If landscape aesthetics is to be included in spatial planning, a close as­
sociation is needed between scientific scales and human subjectivity. 

The need to arrange the effective environment in aesthetic terms is con­
siderable. After aIl, the tradition al culturallandscape which has evolved over 
history is being increasingly changed (see Chapter 4.1). The landscape is 
becoming increasingly mechanized owing to facilities such as wind turbines 
and transmitter masts; moreover, objects of high historical and cultural value 
such as castles, country estates and parks, old cemeteries and windmills are 
often neglected. This has a negative impact on how the landscape is experi­
enced (since the perceiver feels less at horne there, receives less inspiration 
from the landscape than before, etc.). 

Consequently, there is a considerable need for planning activities. The 
beautiful landscape together with the countryside are incorporated as a 
model into four-dimensional planning (i.e. the planning of space and time) 
within the planning process for urban development and landscape architec­
ture. The ever-growing importance of artistic creativity and emotionality as 
weIl as the need to reverse the declining sensory component in the relation­
ship between mankind and nature result in beauty being regarded as an inde­
pendent value. 

Aesthetic appraisals of the landscape are carried out at all planning lev­
els. They mainly result in proposals to maintain and improve landscape 
beauty. Concepts of landscape aesthetics are supposed to prepare aims and 
schemes, and to highlight ways and visions for their translation into practice. 
Since a very large number of appraisal methods exists, only a representa­
tive few can be mentioned here. 

Simple appraisals of landscape aesthetics are, for instance, possible in the 
method developed by Kiemstedt (1967) to determine "a diversity value". The 
diversity value is based upon the premise that the value of alandscape in­
creases with its diversity in land use and landscape elements. 

A procedure elaborated by Syrbe (in Bastian et al. 1999) uses the follow­
ing three criteria: the nature ofthe landscape (its pecularity), its diversity and 
degree of naturalness. It takes as reference units microgeoc:hores (see Chap­
ters 2.2 and 6.1). Appraisal takes place on the basis of the three equally 
weighted criteria. These in turn comprise individual indicators which are 
regarded as either positive (enhancing the landscape's appearance) or nega­
tive (impairing it). Indicators of the nature of alandscape include the propor­
tion of valuable biotopes, since such areas are characterized by rarity, are 
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very sensitive, have prestigious value, and are significant for cultural history. 
Consequently, their disappearance over a large area would represent a great 
loss to the nature of alandscape. Negative indicators apply to a range of 
phenomena such as industrial plants and roads etc. wh ich are eyesores, loud 
or emit odours. Indicators of landscape diversity include the number of dif­
ferent land use types, the amount of c1eared farming land (negative), and the 
number of different slopes (positive). Neamess to nature corresponds to the 
vegetation's degree of naturalness. 

In addition, many other methods have been developed which can be vari-
ously classified, e.g.: 

Wöbse (1984): user-independent and user-dependent methods, 
Hoisl et al. (1985): spatial-normative and psychological-empirical proce­
dures, 

- Nohl (1991): geographical, physiognomical and psychological­
phenomenological approaches, and 
Krause (1974): observational researching and experimental methods. 

The main aspects of a district's landscape appearance can be iIIustrated 
more c1early by generating a synthetic complex landscape appearance (Böh­
nert et al. 1996) using the example of the biosphere reserve "Upper Lusa­
tian Heath and Pond Landscape" (see Figure 4.2-1). 

This synthetic landscape appearance is made up of characteristic ele­
ments of the actual landscape appearance of the respective landscape unit 
(microgeochores, see Figure 6.1-6). It combines horizons and backgrounds 
with pictures and the foreground, encompasses whole areas and fills them 
with detail. Since analyzing the synthetic landscape appearance is designed 
to identify the characteristics of the landscape, it also performs the function 
ofa model (see Chapter 7.2). 

Based on these investigations, the author compiled a rambler's map of 
the biosphere reserve showing (as pictograms) the following sights perceived 
as aesthetic features: vantage point, important sight relations, observation 
point, castle/palace/manor, park, church/chapel, historical cemetery, mu­
seum, other monument, historical center, notable building, notable mill, ave­
nue, and individual tree of note. 

One reason why aesthetic appraisal has become so important is the boom 
in wind parks in Germany. Every observer's subjective attitude to wind 
parks varies depending upon what they know and their opinion of wind 
power. Apart from any economic doubts conceming the feasibility of wind 
power (assuming any still exist) and its actual or alleged ecological advan­
tages (such as conserving fossil fuels), wind turbines take some getting used 
to, since they are a bit of an eyesore and also rather loud. Moreover, their 
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impact on the micro-climate and birds' migration routes has not yet been 
conclusively explored. 

In the planning example (part of Sohland a.R. in eastern Saxony, Ger­
many), six wind turbines (WT) are to be built. Sohland a.R. is a linear vil­
lage 6 km long in wh ich the individual houses each have their own fields at 
the rear, and is adjacent to a number of high voltage power lines. As a result, 
the landscape appearance to both the west and the north has been visually 
impaired for decades. 

To ensure the spatial concentration of the wind park, the individual tur­
bines are to be built near the overhead power lines and spaced as close to­
gether as possible . Since the turbine masts must not be allowed to dominate 
the landscape, they are to be as slim as possible and taper upwards. They are 
to feature a graduated color scheme from the base up to a height of about 50 
m starting with a dark color and gradually getting lighter (green, grey-green, 
grey-blue, light grey). Pure white (snow-white) is not to be used. 

The overhead cable pylons which are widely spaced (800-1,000m apart) 
overshadow the view and appear to box in the area. Owing to the character­
istics of human perception, the WTs spaced 800-1,000m apart in the back­
ground appear smaller than the pylons. All the main observation positions 
which are relevant for the perception ofthe planned site were ascertained . 

A thorough study of the area was carried out. It was found that in the area 
between 200 and 1,500m away, the WT site could be clearly seen from nu­
merous positions. Some of the wind turbines appear overshadowed, espe­
cially by topographical features, forest areas and copses. Further away, al­
though the site can still be seen, the individual WTs appear to be dominated 
by the landscape. The structural diversity, nearness to nature and 
beauty/nature of the landscape were taken into account for qualitative ap­
praisal. 

To balance the impacts and necessary compensatory measures, Nohl's 
model (1993) for the objective appraisal of landscape intervention was used. 
The areas from which the planned intervention could be fully perceived were 
defined as objectively aesthetically impaired. We distinguish between three 
zones: 

affects the immediate area; radius of influence r = 200m, 
extended radius of influence r = 1.5km, and 
low visual perceptibility. 

The compensatory measures depend on the size of the area from which 
visual impairment is perceptible, and the aesthetic loss of landscape. Owing 
to the dimension of the wind turbines (with hub heights of 50-100m), aes­
thetic equalization (i.e. integration into the landscape) is impossible because 
of the high visibility and the nature of the wind turbines. Consequently, car-
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rying out replacement measures is more urgent, although they will have to 
take another form (creation of a lake for amphibians and planting trees). 

Using the example ofwind energy, it is evident that the change in energy 
policy is by no means sufficient to effectively reduce interventions into na­
ture and the landscape. As long as a trend towards fundamental energy­
saving measures cannot be seen, the greater usage of water and wind energy 
makes little sense in view of its ecological and aesthetic impact on nature 
and the countryside and the generous subsidies required. 

In Germany, the aesthetic qualities of landscape planning are enshrined 
in law (see Chapter 7.3). They include diversity, the nature ofthe landscape, 
and beauty, wh ich are to be regarded in connection with the protection, pres­
ervation and development of certain parts of nature and the landscape (e.g. 
the designation ofvarious protection areas). 

In municipallandscape planning, aesthetic considerations are above all 
integrated into the planning of recreation areas. 

Figure 5.5-3: Landscape planning at the level 0/ a village (Großdubrau, Saxony, Ger­
many): Map "Landscape appearance and touristical inJrastructure" (draft: Panse landscape 
architects 1999, unpubl.) 

Aesthetic landscape appraisal was carried out for the village of Großdu­
brau in eastern Saxony (Germany) by way of example and by studying the 
landscape appearance and the infrastructure (Figure 5.5-3). For this purpose, 
elements of the infrastructure were recorded which: 
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offer accommodation and catering for visitors (restaurants, hotels, camp­
sites), 

- are suitable as starting-points for walks (car-parks), 
enable active recreation (open-air swimming pools, fishing areas, bicycle 
hire, foot paths and cycle tracks), 
are of historical value (parks, castles, palaces, manors, churches, cemeter­
ies, museums, monuments), and 
serve leisure activities (sports ground, bowling alley, playground). 

Moreover, all the elements were shown which shape the landscape ap-
pearance of a natural area. The main measures proposed are: 

- the preservation of diversity, nearness to nature and structure, 
- the preservation of existing landscape elements and enhancing them with 

landscape structures suitable for recreation, 
the creation of landscape structures beneficial to gratification (e.g. by 
planting rows oftrees and hedges, and renaturalizing streams), and 
surrounding outskirts oftown and buildings which impair the landscape 
appearance with greenery. 

Aesthetic analyses and appraisals are also carried out and aesthetically ef­
fective proposals made within development concepts for village renewal. 
The local development concept for Kleinwelka serves here as an example 
of aesthetic land and village design (Figure 5.5-4). 

Maximum attention was paid to the main roads as weil as the existing 
improved roads, parking-Iots, foot paths and cycle tracks. We took into ac­
count both local conditions and the village's surroundings (including copses 
and buildings affecting the landscape's appearance). The proposed measures 
include village squares, individual buildings, fishponds and windbreak plant­
ing. By means of territorial reorganization schemes, an attempt is being 
made to introduce organic and integrated agriculture, with corresponding 
crop cultivation. 

Surveys were conducted among all households concerning the main as­
pects of the village and the open landscape (transport, trade and industry, 
ecology, village design, community life). This was followed by a statistical 
evaluation and repeated discussion in community meetings and working par­
ties in order to build up information and generate opinions. We organized 
dialogue between the local inhabitants and public agencies and authorities. 
Although the design ideas were drawn up by the landscape architect, they 
were then discussed by the inhabitants and prioritized together with the cli­
ent (the local administration, see Chapter 7.12). The final version of the plan 
(comprising text and maps) contains aesthetic findings on the landscape and 
village. The implementation ofthe measures proposed is to be granted public 
subsidies. 
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Figure 5.5-4: Village renewal planning for Lubachau (community Kleinwelka, Saxony, Ger­
many) , including the sel/lement and its close vicinity (draft: Panse landscape architects 2000, 
unpubl.) 

Landscape aesthetics incJudes both the beauty of landscape elements 
such as lakes, ponds, streams, avenues, cJumps of trees, individual trees, and 
urban elements such as outskirts of town, roads, fences etc. Monotonization 
(the loss of diversity and individual features) runs counter to the principles 
of landscape beauty. At present, people are increasingly confronted with ar­
eas with reduced aesthetic gratification; examples incJude cleared land (con­
taining no trees or bushes) and simplified agricultural landscapes. Beautiful 
countryside is increasingly being perceived as a commodity in short supply, 
wh ich is why greater importance is being attached to it. 

Consequently, the local development plan with an integrated greenery 
program entitled "The local recreation center of Commerau" (Saxony, Ger­
many) is presented here as an example (Figure 5.5-5). 

Using the instrument of binding development planning, aesthetic rules 
are stipulated in the development plan, and the pro gram can be translated 
into practice by means oftown-planning contracts. 

The procedure for involving inhabitants and those with public responsi­
bility in Germany is covered by legislation. Even preliminary drafts have to 
be put on display so that all the parties concerned can take note ofthem. This 
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is followed by appraisal by the loeal eouneil, whieh then reaehes adeeision. 
First of all, the ideas of the entrepreneur and the arehiteet's basic design are 
needed. 

Figure 5.5-5: Formative plan Jor the Commerau local recreation center (Saxony, Germany). 
Among others, the swimming pool, buildings, campsites, trees, and meadows are depicted 
(drafi: Panse landscape architects, unpubl.) 

All those involved (the aetors) sueh as neighbors, land owners, local au­
thorities ete. were involved in drawing up the aesthetie design. One of the 
aims in Commerau is to reopen a currently disused open-air swimming pool 
so that it can be used economieally, yet with high emphasis on a natural de­
sign. Eeologieally sustainable reereation activities such as riding, cycling, 
charabanc rides and visits to the thousand years old town of Bautzen are to 
be offered for 40 families. Key design principles incIude limited develop­
ment and construction typical of the area. 

Visitors arrive via an avenue lined by ehestnut trees. However, the area 
has also been given a striking design from a bird's eye view to ensure it is 
noticed by glider pilots and private aircraft. The surroundings consisting of 
ponds and types of construction typical of the neighboring villages, as weil 
as the existing fields and meadows, are to be taken into aceount in the se lec­
ti on ofplants, as is the location ofthe area on a flood plain. The shape ofthe 
roofs, the position of the buildings, and the choice of materials are to be de­
rived from the local surroundings. Particular aspects of design could be em­
phasized during construetion. 

Modem-day landseape aesthetics are partly derived from German and 
European writing, painting, music and horticulture. In fact horticulture can 
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(like the arts) be subdivided into stylistic eras (e.g. baroque and lands cape 
gardens). Parks are artificial landscapes formed on the basis of aesthetic ide­
als resulting from their arrangement, and whose design reflects the concep­
tions of mankind and nature prevailing when they were laid out. They hence 
also preserve the historical view ofthe landscape (Figures 5.5-6 and 5.5-7). ''I' "'" * 

Figure 5,5-6: Good landscape planning is characterized by the harmonious insertion 0/ the 
work o/art into the originallandscape: Seußlitz Park (Saxony, Germanyj (Photo: 0. Bastian 
1987) 

Figure 5.5-7: Parks are landscapes shaped according to aesthetical ideals, The White Pa­
goda in Pe king (China) and its surrounding area is very attractive [ar visitors (Photo: 0. 
Bastian 1994) 
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The fundamental design principles depend on mankind's view of his re­
sponsibilities in the world. When planning the reconstruction of the 18th_ 

centUll' Königshain Park (Figure 5.5-8), the first step in recreating its his­
torical aesthetic appearance was to sift through the archives in search of in­
formation. 

The lawn parterre had a steep slope on the palace side, emphasizing the 
central projection. The parterre was lined on either side by avenues with 
three rows of trees leading to ornamental pillars. The trees (limes) were not 
cut and had low scrub. 

The park, an artificial landscape with lines of sight extending from the 
palace to the church tower, as weil as the transition to the landscape part, the 
elevated Belvedere facing towards the Giant Mountains (in Poland and the 
Czech Republic), are some of the premises for the maintenance of these his­
torical grounds. The tree register was used to reconstruct historical rows of 
trees. Behind the avenues, the garden is surrounded by a trimmed hedge. To 
the north, an a\cove hallway has been re-established. When designing the 
parterre, documents from digital surveys were used. It was only thanks to the 
lime trees and herbaceous perennials planted as weil as the paths with their 
characteristic gravel surfacing that the historical rococo garden was made 
spatially perceptible to visitors again. 

Figure 5.5-8: The plan ofthe Königshain Park (Saxony, Germany) (drafl: Panse landscape 
architects 1998, unpubl.) 



Chapter 6 

Investigation methods / tools 

J. Löffler, U. Steinhardt, M. Volk, U. Walz 

6.1 Landscape ecological mapping 

6.1.1 Principles 

Maps are one result of landscape ecological analyses showing the spatial 
arrangement of landscape complexes (see Chapter 2.2). With regard to dif­
ferent spatial dimensions of investigation landscape ecological maps vary 
in scale and content. Moreover, mapping methods, tools and techniques are 
individually transposed according to different approaches. Practical threats 
of landscape ecological research as weil as needs in application necessitate 
the effort of maps as investigation, presentation and communication instru­
ments, since: 

- the results demonstrated in maps represent a spatial scale-bound message 
that can be used for multifarious purposes, 

- the statements being illustrated are more or less quantitative, and 
synthesized landscape units are characterized in substance reducing and 
qualifying the significance of boarder lines between the single units (Le­
ser 1997). 

Basically, landscape complexes are such complex spatial-temporal phe­
nomena that landscape units like ecotopes, ecochores, etc. cannot be illus­
trated on the whole within alandscape ecological map. Thus, information 
representing the character of the single landscape units is reduced according 
to single landscape elements (e.g. maps of spatial soil texture variability) or 
landscape components (e.g. maps of distribution of soil types). But the most 
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common results of landscape ecological investigations are maps of partial 
landscape complexes showing a relative high level of integration and aggre­
gation (e.g. maps of distribution of pedotope types). Additionally, special 
maps of landscape ecological processes and functioning features are pro­
duced (e.g. maps of soil moisture variability). Within alandscape ecological 
analysis all those layers of different partiallandscape complexes are ana­
Iyzed as to spatial interactions and correlations between them. Landscape 
ecological mapping is therefore linked with the following problems of ana­
lyzing and synthesizing spatial landscape units on the basis of landscape 
complexes: The synthesis of landscape units on a high level of integration by 
aggregating several attributes from the basis of partiallandscape complexes 
leads to a reduction of detailed information. Thus, the result presented in 
conventional maps does not enable the user to go back to the basic data 
(Pinke 1994). However, we can scrutinize the sense of such a synthetic map 
representing the landscape complex: What is the higher level of alandscape 
ecological message contrary to a catalogue of maps presenting partial land­
scape complexes? If we believed that alandscape complex represents a 
higher level of integration maps of landscape complexes should illustrate 
more than the sum of information of all those maps of partiallandscape 
complexes (Egler 1942, Smuts 1926). 

Two different approaches have been practiced for the mapping of land­
scape ecological units. At first, landscape is analyzed from a holistic point of 
view, deductively mapping the boundaries between several units and defin­
ing those units by means of structure and process attributes afterwards. On 
the other hand, landscape is composed by single units inductively analyzed 
within their partial complexes building up spatial arrangements of landscape 
units. An important methodological difference between those two ap­
proaches lies in the philosophy ofthe existence of landscape units apriori (in 
the first case) and the theoretical construction of landscape units (in the sec­
ond case) that are the result of concrete methodological conceptions group­
ing single information layers into a new pattern of organization. 

6.1.2 Development of landscape ecological mapping approaches 

Landscape ecological mapping has a long tradition in Germany. The first 
of such maps showing the spatial arrangement of ecotopes has been given by 
Troll (1943). Continuing with the "Definition of nature areas in Germany" 
(Naturräumliche Gliederung Deutschlands) (Meynen and Schmithüsen 1953-
62, see Chapter 1.2.3) above all, mapping was concentrated on investigations 
of large areas. Within this context landscape was regarded as a holistic struc­
tural phenomenon that was analyzed as to a qualitative approach primary 
mapping landforms with interest in substrate and relief conditions presumed 
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as being the major factors influencing landscape ecological processes. This 
strongly deductive way of mapping comparable large areas was accompa­
nied by sm all scale investigations using vegetation, soil and water dynamics 
as weil as micro-climatic attributes (Paffen 1953). In this way, selected land­
scape ecological features have been used to describe the landscape structure 
in its spatial regularity. Further advancements of mapping principles have 
been given as a qualitative and analytical method to define landscape units 
by means of an inductive aggregation of landscape ecological attributes 
within a hierarchy system of landscape components and partiallandscape 
complexes (Czajka 1965, Schmithüsen 1967, Troll 1950). Examples charac­
terizing different landscape units in front of a hierarchical frame came from 
Dierschke (1969), Klink (1964, 1966), Neef et al. (1961) and Werner (1969). 
Especially the descriptive analyses of larger areas and spatial characteriza­
tion of ecotopes and ecotope mosaics as to the catena principle (Haase 
1961 , see Chapter 2.6) by means of integrating several landscape compo­
nents and partiallandscape complexes with regard to the situation in differ­
ent landscapes have been clear and illustrative (Klink 1994). Significant sc i­
entific progress during these early approaches in landscape ecological map­
ping has been established by integrating quantitative aspects into the hierar­
chical characterization of landscape units (Haase 1964, 1967, Neef 1963, 
1967, Richter 1967, Richter and Barsch 1978, Schmidt 1973). Based upon 
this quantitative approach several landscape ecological publications dealt 
with functional characterization of landscape units for application in land­
scape planning (Finke 1971, Schreiber 1969,1985). 

From the beginning of the 1980s landscape analysis has been practiced 
within a systems approach. Remarkable further advancements have been 
given by different authors (Klug and Lang 1983, Lang 1982, Leser 1984, 
Mosimann 1984a) based upon the quantitative landscape ecological princi­
pIes described above. This concept can be characterized by a functional 
analysis of landscape units. Within the topological dimension extensive 
measurements led to detailed functional process attributes that were used to 
define ecotopes on the fundamentals of landscape ecological complex 
analysis (see Chapter 3.4). Those landscape ecological maps show a spatial 
arrangement of structural defined ecotopes, in addition described by means 
of catalogues of landscape ecological attributes (Mosimann 1985). Over and 
above that, partial functional complexes of the landscapt: have been bal­
anced. 

Based upon the problem of this empirical level of landscape analyses 
with its technical and financial limits a process-orientated approach was 
needed for the rational mapping of larger areas. From the idea that landscape 
complexes could be mapped by using standard methods and c1assification 
principles the "Handbook and guidance for landscape ecological map-
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ping" (the so-ca lIed GÖK 25 concept) has been published (Leser and Klink 
1988, see Chapter 1.2.5). It has been stated that landscape units should be 
analyzed as to structural attributes such as slope gradient, soil texture, vege­
tation type etc. following a strict classification of those structural landscape 
components. Landscape ecological maps should be given for different land­
scapes of Germany on the basis of a defined map scale (1 :25,000) enabling a 
scientific comparison between those areas and a standardized evaluation of 
single landscape potentials and functions . Mosimann (1990) has criticized 
that this principle was missing a hierarchy, and he proposed a concept for a 
process classification of ecotopes that has been adopted by Duttmann (1993) 
within his digitallandscape ecological mapping approach. A similar process 
orientated concept has been given by Zepp (1991) integrating structure and 
process attributes for a characterization of several landscape ecological proc­
ess constellations. As has been shown by Hütter (1996) landscape ecological 
process mapping can lead to a detailed illustration of spatial matter and wa­
ter balance phenomena of the landscape including different human influ­
ences like agricultural land use intensities, different types of forestry and 
urban sealing etc. (Figure 6.1 -3). All those mapping approaches within the 
topological dimension have been based upon field analyses of structural 
landscape elements, components and partiallandscape complexes and de­
rived from syntheses of process characterization. 

Landscape ecological mapping in different landscapes cannot always 
follow the same integral approach of correlations between structural attrib­
utes being mapped and process attributes being diverted. In extreme climates 
of arid, alpine and arctic landscapes we often find completely different inter­
actions of landscape elements within the ecosystems and measurements, ad­
ditionally, mapping routines are not easy to transfer from other regions like 
Central Europe (Leser 1986). E.g., for the high mountains of Norway it has 
been proved that energetic variability is the superior influence on ecosystem 
functioning and therefore usually defines landscape units (Löffler and Wun­
dram 2001, Figures 6.1-4 and 6.1 -5). 

Currently, maps within the topological dimension can be considered as 
important for applied sciences, because they represent the needs "at the spot" 
where major decisions e.g. in landscape planning are feit (Leser 1997). Early 
stages of theoretical and methodological development in chorological ap­
proaches have already been given by Barsch (1969), Glawion (1985), Haase 
(1964), Neef(1963) and Schmidt (1973). In principle, all chorological map­
ping approaches can be characterized by principles of transforming single 
structural landscape components into a higher level of spatial organization 
(Kaulfuß 1973). But the main problem of chorological landscape ecological 
mapping has been found to be the lack of process characterization of ecocho­
res, although this problem has been appointed to by Haase (1979) who al-
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ready requested to put more emphasis on chorological process analysis of 
landscape functioning and dynamics (Leser 1997). 

Thus, chorological landscape ecological mapping has led to the fact 
that landscape units within the chorological dimension are mostly corre­
sponding with the geological and geomorphological genesis of the landscape 
structures like larger relief formations, substrates or soils. Those landscape 
structures have been regarded as recently traced by the former landscape 
processes only being influenced and modified by processes of land use, 
vegetation dynamics, etc. (Billwitz 1997). An example of consequent c1assi­
fication stages and mapping principles of structural ecochores is given by 
Syrbe (2001, Figure 6.1-7). Additionally, a combined approach using induc­
tive aggregation of process analyses and deductive mapping methods has 
been applied by Löffler and Wundram (2001) for the Central Norwegian 
mountains. Based upon long-term measurements of temperatures within and 
between several catchment areas chorological process characterization has 
been conducted (Figures 6.1-4 and 6.1-7). 

The further development is characterized by the landscape ecological 
analysis routines (Zepp and Müller 1999). Several experts have integrated 
methods into a complex tool for the deduction of landscape ecological proc­
ess attributes. Moreover, digital data organization is proposed. 

6.1.3 Examples oftopological mapping approaches 

Schultz and Finch (1996) have developed a combined classification of 
coastal landscapes of North-Western Germany on the basis of the red data 
book of endangered biotope types (Riecken et al. 1994) by means of vegeta­
tion and fauna features (Figure 6.1-1). It has been shown that the spatial 
distribution of spiders (Araneae) is c10sely related to the spatial arrangement 
of abiotic landscape elements. Especially, soil moisture and micro-c1imatic 
conditions proved to have a superior influence on animal distribution (Mar­
tin 1991). Different preferences of many species lead to a precise delineation 
of spatial mosaics in animal distribution (Hänggi et al. 1995). From this 
point of view mapping of characteristic species that show a significant 
higher persistence and abundance in specific types of landscape units and are 
considered to find their environmental conditions more often and more fre­
quently than in any others, can be regarded as a highly integrated structural 
landscape ecological method . 

Based upon the GÖK concept (Leser and Klink 1988) different land­
scape ecological mapping projects have been conducted. Duttmann (1993) 
dealt with a characteristic quarternary landscape in Northern Germany 
dominated by agricultural land use patterns on loess substrates. Process at­
tributes like soil moisture regime, soil and humus temperature or biotic ac-
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tivity have been adopted by particular field measurements. AdditionaIly, soil 
analyses have been carried out at representative sites. The data have been 
aggregated into types of landscape components for the classification of par­
tial complexes. The structure of the resulting GIS-database has been organ­
ized according to the ecotope classification hierarchy (Mosimann 1990). 
This allows a standardized synthesis of spatial landscape units based upon 
several process attributes. 
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Figure 6.1-1: A species list 0/ spiders (Araneae) derived /rom all regional data available and 
corrected by an expert system, arranged according to the spatial mosaic 0/ phytotope types 
(after Drachenfels 1994). For bioindication purposes habitat specialized indicator species 
and characteristic species 0/ the coastal biotopes are established. The map shows apart 0/ 
the coastal dune island Baltrum in the North Sea (drafl and design: Finch 2001) 

The digital map comprises of spatial geometric attributes as weIl as struc­
ture and process attributes in substance. The original digitallandscape eco­
logical map by Duttmann (1993) consists of approximately 3000 smallest 
common geometries obtained by intersecting the individual information lay-
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ers aggregated into 125 basic types of ecotopes (Figure 6.1-2). The pros of 
this mapping approach lie in 

the organization of basic landscape ecological data that can be made 
available from the data basis or completed by new information at any 
time, 
the corresponding availability of arbitrarily chosen spatial information 
and the reprint of different information layers on maps, and 
the resulting flexibility within the scope of application in e.g. landscape 
evaluation or landscape planning, etc. 
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Figure 6.1-2: Subset of alandscape ecological map showing ecotopes in the quarternary 
loess lowland near fhe village Hagen in Lower Saxony (Germany) with superior wafer bal­
ance features derived from complex process measurements and deductions (Duttmann 1993) 

Hütter (1996) followed the GÖK concept and the conventional mapping 
principles, but also integrated alandscape ecological process characteriza­
tion based upon nutrient and water balance attributes of the ecosystems. 
Process attributes like soil nutrient status, cation exchange capacity and sev­
eral structural soil attributes have been adopted to by particular laboratory 
analyses. Relief attributes have been used as structural landscape elements 
for the spatial delimitation of nutrient and water balance units. Moreover, the 
relief has been analyzed with regard to energetic attributes like radiation in­
put, cold air distribution, wind conditions and correlated depositions. For the 
urban settlements sealing indexes have been mapped by remote sensing 
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Chapter 6 

Figure 6, J -3: Landscape ecological map showing ecotopes with superior nutrient and water 
balance features derived /rom complex process deductions (Hütter, J 996). The map shows a 
cutfrom the middle mountain landscape surrounding the village Bad Jburg in Lower Saxony) 
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and additional field investigations. From those attributes technotopes have 
been characterized. Streams have been analyzed according to structural at­
tributes of stream cross-section, vegetation patterns of stream banks and 
physical and chemical water analyses. 

This map (Figure 6.1-3) shows that ecotopes are intensively dominated 
by the human influences on processes within the matter and water balance. 
This can be visualized by means of complex nutrient attributes that are de­
termined by e.g. acid deposition in forests or nutrient input by fertilization. 
Moreover, spatial differentiation of surface sealing determined water balance 
is demonstrated. Thus, according to Klink (1994) this approach represents a 
new kind of map type for a versatile application in nature conservation, land­
scape planning, agriculture and forestry, and other spatialland use purposes. 

Correlations between vegetation cover and soil distribution, humus forms 
and water balance as weIl as snow cover and air, surface and soil tempera­
ture regimes have been analyzed showing a very large scaled and complex 
spatial organization within the high mountains of Vägä/Oppland. The theo­
retical and methodological framework of the project is derived from the 
landscape ecological complex analysis (see Chapter 3.4) and its variations 
due to technical and principle methodical challenges in this high mountain 
landscape (Köhler et al. 1994, Löffler 1998, Löffler and Wundram 2001). 

The results have shown that the local climate has to be regarded as the 
superior factor in these mountain ecosystems for physical, chemical and bi­
otic process determination (Löffler 2000). Climatic regularities deduced 
from measured data have been quantified with regard to their scale in eco­
system processes. In this way, qualitative and quantitative modeling of inter­
relations between spatial ecosystem compartments has been possible (Figure 
6.1-4). The hierarchy of the process-oriented classification of ecotopes has 
been defined by types of temperature dynamics (Figure 6.1-5). Daily and 
annual temperature dynamic is demonstrated by means of thermoisopleth­
diagrams. Thus, the map shows the spatial arrangement of ecotopes defined 
by complex process attributes. 
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Figure 6.1-4: Landscape ecological map showing ecotopes with superior energy balance 
features derivedfrom temperature measurements (Löffler and Wundram 2001). The map con­
tains a subset /rom the Central Norwegian mountain landscape as an example of a catchment 
area in the low alpine belt (legend is given on page 265) 
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Figure 6. J -5: Complex sehe me 0/ systematie sealing 0/ temperatures aecording to their influ­
ence on ecosystem /unctioning. A tripie 0/ air-, sur/ace- and soil-thermoisopleth-diagrams 
shows daily and annual changes 0/ seven different ranges 0/ temperatures with similar eco­
logical values /or a particular site. Those temperature ranges subdividing the outer circle 0/ 
the diagram into 7 circle segments are grouped according to literature data, own investiga­
tions and theoretical considerations on 13 landscape ecologieal proeess attributes. Proeesses 
like photosynthesis, evapotranspiration, drought stress ete. are in their turn sealed on the 
individual axes within the small net circles aeeording to their eeologieal influenee under 
those temperature eonditions ([rom the inside to the outside: no, httle, moderate, high and 
extreme influenee) . (legend is given on page 265) 

6.1.4 Examples of chorological mapping approaches 

Syrbe (1 999b ) has given methodological principles for chorological 
mappings (Figure 6.1-6). With five fundamental stages that can be varied 
according to different scales and intensions of the mapping approach. Com­
pared with the topological mapping approach not just single attributes but 
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already types of attributes are being grouped. The chorological method is 
complicated, because landscape units are defined by a very high abstraction 
on different parallel levels. The result is often an idealized synthesis of real 
structures in the way that they are often not detailed enough for special 
applications (see Chapter 2.2). 

1. Determination of features 10 be differenciated 

a) Fist ridge unli1200 met.rs affitude. 9ritty sandy mora;n. small fossil dales. 
terrace of glaCial river, boulder day covered with glacis! sand <, 

b) Ground water delenminated flat 150-170 meters alt~ude, sand ftoodplsin 
108m. dayic wethered granite. 5mall gravel elevations , .. 

2. Identification of core areas 

3. Assigning of interspaces to the existing core areas 

4. Bounding of landscape units 

5. Revision of prvblematic features and boundaries Figure 6.1-6: Methodologi­
cal guidelines lor the land­
scape ecological mapping 01 
ecochores (a}ter Syrbe 
1999a,b) 

As an example Figure 6.1-7 shows the boundaries of heterogeneous micro­
geochores. Each microgeochore has been described by structural attributes 
that have been found to define a transmission of emergence. Those structural 
attributes are based upon general genetic relief and substrate. Different land 
use patterns are aggregated within the ecochores, and they are specified by 
soil features. Spatial analyses of such theoretical landscape units has to fol­
low the underlying guidelines very strictly. Otherwise, the results are com­
pletely subjective. The chorological approach in the Central Norwegian high 
mountains studies (Figure 6.1-8) is based upon the ecotope mapping concept 
that has been adopted to the whole mountain massive above the timber line 
by means of vegetation and relief mapping. From the complex spatial ar-
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rangement of ecotope mosaics ecochores have been derived and character­
ized by functional air temperature attributes. In this way, astriet induetive 
transition of emergenee has been proved. Over and above that, those air 
temperature attributes have been found to be grouped into 1WO general eate­
gories eomprising larger areas as similar ecoehores based upon their spatial 
arrangement. These two spatial units define the altitudinal belts as a 
eharaeteristie proeess determined eeoehore mosaics. 

Legend key 
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mid u land 

Figure 6.1-7: Landscape ecological map (draji and design: Syrbe 201)]) showing a subset 
ji-orn the Upper Lusatian loess region around the town 0/ Bautzen in the south up to the heath 
and pond landscape in the north (Saxony, Gerrnany) 
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Figure 6. 1 -8: Landscape ecological map showing ecochores with superior energy balance 
features derived /rom temperature measurements (Löffler and Wundram 2001). The map 
represents a subset /rom the Central Norwegian mountain landscape (legend see Figures 6.1-
4 or 6.1-5) 
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6.1.5 Perspectives of landscape ecological mapping approaches 

It has been shown that landscape ecological maps vary in substance, scale 
and methodology according to the different approaches being applied, dif­
ferent landscapes investigated, and different geographical dimensions con­
ducted to. In general, all maps demonstrated above are based upon an inte­
grative definition of the lands cape complex and follow a strict theoretical 
hierarchy that finds its expression within the cIassification of landscape 
units mapped. The scientific and application challenge can be seen in the 
tremendous knowledge about landscape functioning and dynamic in differ­
ent spatial dimensions, if such approaches would be transposed into other 
regions. Especially process-oriented mapping principles have overcome 
technical and methodological problems of an adequate and sufficiently 
parameterization of water, matter and energy fluxes. Facing the environ­
mental problems of the future landscape ecology will have to develop the 
mapping concepts for attaining information, knowledge and awareness ab out 
ecosystems of different structure, functioning and dynamics. 

The cons of all presented landscape ecological mapping approaches 
are the final analogue reprints of those synthetic maps conceming their con­
ventional use. The complexity and diversity of single landscape units cannot 
be visualized cIearly, and users are not able to handle the single information 
layers within their spatial arrangement. Those maps usually consist of a large 
number of numeric identifiers corresponding with the legend that is repre­
sented by a tremendous catalogue of landscape units. Thus, the map itself 
has to be regarded as Uust) being a scientific product on a very complex 
theoretical and methodological level. 

However, all of those maps have been produced for scientific purposes 
and more or less folIowarandom approach. It remains to be seen if such 
landscape ecological maps are being used for any application. A comparison 
and evaluation of different landscapes will not be possible until similar 
methods are used for landscape analyses and similar cIassification hierar­
chies are adopted to the definition of landscape complexes. Thus, standards 
for landscape analyses (e.g. Bastian and Schreiber 1999, Zepp and Müller 
1999) are necessary and have to be developed within the frame of the proc­
ess-oriented investigation approach in different spatial and temporal dimen­
sions. Nevertheless, the landscape ecological map per se cannot be devel­
oped since we define the landscape complexes by means of several struc­
tures and processes. 
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6.2 Landscape information systems 

6.2.1 Introduetion 

Human intervention causes rapid changes in the environment. With this 
in mind, it is important to develop methods, which enable us to quickly as­
sess the most varied spatial landscapes with regard to the operability of the 
landscape balance. Assessment of the development of this balance over 
longer periods of time is also important. The important tasks for landseape 
eeology at present are the reeording and assessment of natural resourees, 
examination into the effects of human intervention and pollution resulting 
from human aetivity and long-term observation of the state of the environ­
ment. These tasks can be earried out with the help of relevant, comparative 
indicators, wh ich have been eompiled over long periods of time for larger 
areas of land. Moreover, convincing visual presentation of effects on eeol­
ogy and their eauses will beeome ever more important for decision making 
by political bodies and citizen's organizations. 

Use of Geographie Information Systems (GIS) and remote sensing (see 
Chapter 6.3) is beeoming more and more important for the tasks listed 
above. These technologies provide tools and methods which help in assess­
ing the consequenees that can result from certain actions and decisions 
quickly. This means it is possible to be flexible when reacting to changing 
demands. One indeed can no longer imagine carrying out basic research in 
the field of landscape ecology without the help of GIS to analyze the some­
times vast amount of data. Complex ecological methods and mathematical 
evaluation and calculation processes which could not be applied when using 
an analogue approach, can now be used when working with a GIS. 

6.2.2 What are Geographie Information Systems? 

Geographie Information Systems (GIS) are defined as a computer 
aided system made up of hardware, software, data and applieations. Using 
the system it is possible to record, edit, save, reorganize, model and analyze 
spatial data digitaIly as weIl as present it alpha-numerically and graphically 
(Bill and Fritsch 1991). "Geographie" means correlating data geographically, 
e.g. into Gauss-Krüger referenees or as UTM coordinates (georeferenced 
data). This allows to combine different data sources and to derive and model 
new information from existing spatial basic data. 

With regard to the data structure, one has to differ between vector- and 
grid-systems. Most software programs today, however, combine both in a 
"hybrid" GIS. This way it is possible to integrate remote sensing data (as 
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raster data) as an important data souree into GIS (see Chapter 6.3). Software 
like Are/Info, SPANS ete. are often referred to as a GIS but aetuaHy only 
form apart of it. 

"Depending on the speeifie field of applieation GIS ean be developed for 
special purposes and "filled-in" with data and queries. In this sense a Land­
seape Information System (LIS) is an environmental information system that 
is used to reeord data eoneerning abiotie and biotie natural resourees as weH 
as land use information. In addition, it ean be used to simulate and doeument 
spatial environmental processes, whieh oeeur rapidly as weH as over long 
periods" (Werder 1998). 

Figure 6.2-1 : Thematic layers ola GIS 

In order to organize geometrie and thematie data in a GIS for eonsequent 
analysis and modeling, there are thematic layers into which the data ean be 
input (Figure 6.2-1). Hettner (1932) was the first who described this layered 
strueture in his regional scheme: " .. .if one imagines the earth's surfaee to be a 
map and aH properties of nature, those of human life, inner strueture, form of 
the surfaee and eomposition of the earth's solid erust, lakes, rivers and wa-
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ters, air pressure and wind, air temperature, humidity and preelpltation, 
vegetation and the animal world, nations and states, traffic and transport, 
eeonomie relations and so on eaeh to be aseparate layer spread out over the 
map, one ean elearly see everything that is part of geography. The human 
ability of eomprehension is, however, not suffieient to take all of this in at 
onee. If you look from the side and move your eyes up and down you ean 
see eaeh individual phenomenon in sueeession; ifyou look down from above 
and imagine the layers to be transparent, you ean only see one point on the 
earth or maybe a limited area but you see all the phenomena found there at 
the same time." This model is very suitable for showing how the separate 
spatial levels ean be eombined with one another and new geometries and 
attributes ean be derived from them. However, GIS funetions ean be used to 
generate the separate layers themselves. GIS allow to edit geometries and 
attributes when erroneous input data needs to be eorreeted. 

In addition to spatial information in the data levels topographical and 
thematie information about objeets is saved in a GIS database (Goepfert 
1987). This gives the objects properties, whieh ean be proeessed by the GIS 
(Bartelme 1989) 

by using information on the geometry ofthe objeets (point, are or poly­
gon) and the respeetive referenee system it is possible to assess the geo­
metrie properties sueh as loeation or extent of the objeets. In the same 
way it is possible to assess topologieal properties sueh as neighborhood 
relationships and overlapping, ete., 
qualitative and quantitative objeet eharaeteristies (e.g. soil type of a plot, 
number of inhabitants in a town distriet, readings made by a weather sta­
tion), and 
names, objeet labels (e.g. street names). 

These properties are essential for the extensive analysis and modeling 
funetions of a GIS. 

In the analytieal part of the system thematic levels (layers) are eombined, 
and this leads to the ereation of eompletely new geometries. The various lay­
ers ean be weighted differently by using, link matriees, for example. It is 
also possible to include time segments (ehronologieal layers) within a GIS. 
Integration of the third dimension allows to analyze vertieal stratifieation 
(Laurini and Thompson 1992). 

The functions in the following list are amongst the most important basic 
functions: 

geometrie data query, 
measuring, eounting and ealculating, 
generation of zones or buffer zones, 
eombining of areas, 
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interpolation and abstraction, 
statistical functions, 

275 

neighborhood and connectivity analysis, 
network functions, 
picture editing functions, and 
terrain modeling functions. 

It should be emphasized that working with the different levels in a GIS is 
not about creating a descriptive presentation of the landscape, such as gen er­
ating a map using the data available. What it is about is analyzing the interre­
lations between the layers and the effects they have on on(: another. Spatial­
statistical analysis using a GIS can help to verify the connections between 
processes and effects and uncover connections that are not clearly visible at 
first. Using GIS enables to go beyond statistical observation ofthe landscape 
and actually recognize dynamic processes (Vogel and Blaschke 1996). 

All "classic" sources of knowledge and methods of recording can be used 
as sources for thematic data. Analogue maps can both be scanned and 
transferred onto a digital grid followed by geocoding or manually digitized 
as vectors. A manual or (semi-)automatic transformation trom raster to vec­
tor data is possible to. Remote sensing by satellite has, for years, been one of 
the most important digital data sources on the earth's surface, particularly for 
extensive areas (see Chapter 6.3). 

At present a considerable amount of spatial basic data is available in digi­
tal form (Table 6.2-1). It is essential to set up meta-information systems, 
which have information about the environmental data available and also 
make it easy to find (Table 6.2-2). 

Table 6.2-1: Selected data sources ofland use 

name area scale contents 
CORINE Germany 1:100,000, 44 c1asses grouped in a 3-level hierarchy: 
Land Cover and a11 EU- (plots> 25 ha) artificial surfaces, agricultural, forest and 

eountries semi-natural areas, wetlands, water bodies 
ATKIS 1) Federal 1 :25,000 settlement, green spaees, extraetion areas, 

Republie of traffie areas, water bodies, vegetation, 
German,):' administrative boundaries 

Biotope type East Ger- 1:10,000 very detailed nomenc1ature with 8 main 
mapping manyand c1asses: water bodies, marsh and moor, 

Sehleswig- pastures, fa110w land, heathland, trees and 
Holstein hedges, woods and forests, agriculture, 

settlements, roads and green spaees 

1) offieial topographic-cartographic information system 

Those who are uncritical in the way they use GIS are often justifiably 
criticized. It has to be mentioned that in practice, planners working in an 
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analogue way can also work carelessly and uncritieally. They also have in­
formation, whieh is inexact and was compiled using varying standards and 
they often bring in additional subjective influences in as weil. Using a GIS to 
combine different data levels at least eliminates "geometrie" subjectivity 
unlike the simple method for integration. Working with spatial data possible 
causes of errors are the inaccuracies resulting from digitalization, the vary­
ing standards used for input data and processing errors caused by users and 
software algorithms. There is a cumulative effect, which means that number 
of errors increases each time the data is combined. 

Table 6.2-2: Examples of meta-information systems in Germany 

The German Environmental Information Network (GElN = Umweltinformationsnetz 
Deutschland) acquires information that is spread around the Web pages ofnumerous public 
institutions - such as environmental authorities, federal and regional offices and ministries -
and so is a kind of information broker for environmental information in Germany. 60 au-
thorities and other federal or county institutions that provide environmental information are 
included in GEIN (http://www,geein2000.de) 
The Environmental Data Catalogue (UDK - Umweltdatenkatalog) is an information sys-
tem, which records environmental databases in public administration. The term "database" 
covers a wide area here. Projects, specialist tasks, programs are also described in the UDK. 
The system is supposed to give information on "who" has got "which" environmental data 
and "where" (http://www.umweltdatenkatalog.de) 
The Federal Landscape and Conservation Information System (LANIS = Landschafts-
und Naturschutz - Informationssystem der Bundesrepublik Deutschland) will regulate in-
formation on and access to databases, systems and other sources ofinformation, communi-
cation with local and extern al systems as welt as support management of data on objects, 
geographic data and multimedia documents. Included in this are fact databases with a GIS 
component, in which object data on protected areas, land utilization as welt as protection of 
species and reasons for being endangered for evaluation ofthe status ofnature and the land-
scape are combined with point, line and area data, coded geographicalty, saved, evaluated 
and made available. 
The Meta-information System for Cartography, Geodesy and Land Survey (Metain-
formationssystem des Bundesamtes für Kartographie) delivers information on the avaitable 
basic digital and analogue geographic data ofthe German land survey authorities. The geo-
graphic data can be researched spatialty and thematicalty. They are described according to 
content, expanse, quality, area they refer to, and sale. Additionalty, there are cartographic 
ex am pIes and links to land survey authorities (http ://www.atkis.de) 

Combining information ofvarying quality and standards in a GIS leads to 
results that are only seemingly "exact" or "clear". According to Volk and 
Steinhardt (1998) the following fundamental problems have to be men­
tioned: 

statistieal evaluations must be based on spatial units of reference (e.g. 
landscape units, watersheds/catchments or administrative units), 
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- collecting or recording and maintain the data permanently is the most 
expensive (and often underestimated) part of a GIS, 
meta-information is needed for the files (e.g. accuracy, time reference, 
description or attributes, and 
systems be co me outdated very quickly as a result of the rate at wh ich 
further development takes place. 
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A problem which is creating a lot of dissatisfaction is that of access au­
thorization or copyrights of data, which has been compiled by state institu­
tions. A general release should be granted for environmental data compiled 
by these institutions. High administrative expenditure and the costs for using 
data make it very difficult for many applications in Germany (at the mo­
ment) to make use of information, wh ich is actually available in the public 
administration sector in decision-making processes. 

6.2.3 Application of landscape information systems 

Landscape is an extremely complex system (see Chapter 1.3). In order to 
examine such complex structures, GIS today provide effective tools. These 
tools allow complex combinations and connections between the different 
layers of information. For the first time it is possible to carry out analyses on 
a much broader spatial and thematic basis. Spatial and functional aspects are 
in the foreground of this development, which means that developing models 
and deriving information from existing basic data becoming more and more 
important. GIS are usually used for modeling interrelations in alandscape. 
On the one hand, this is the only way to guarantee the administration and 
processing of the extensive amounts of data acquired and on the other hand it 
is the only possible way to present the results visually (Dabbert et al. 1999). 
A good example of this is linking hydrologic models at the landscape level 
to GIS (see Chapter 6.4). 

Using GIS is only worthwhile if important new findings can be made, in­
formation relevant to planning can be better processed and made more un­
derstandable and a better information f1ux between authorities, researchers, 
planners and other involved parties can be guaranteed. Haines-Young et al. 
(1993) describe the challenge: liAs landscape ecologists., the question we 
need to ask about the landscape and the human impact upon it are complex 
and highly demanding of intellectual frameworks. The growth of the disci­
pline has in re cent years been stimulated by access to the new technologies 
for handling spatial information, which may help us to overcome some of the 
practical difficulties we face. However, investment in technology is only 
worthwhile if it allows us to solve outstanding scientific problems or to look 
at the world in new and more perceptive ways." 
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The current demands from landscape ecology on GIS are the analysis and 
modeling of the relationships between cause and effect. A GIS should 
support the following functions (Stow 1993): 

provide database structure for efficiently storing and managing ecosys­
tems data over large regions, 

- enable aggregation and disaggregation of data between regional, land­
scape and plot scales, 
assist in the location of study plots and/or ecologically sensitive areas, 

- support spatial statistical analysis of ecological distributions, 
improve remote-sensing information-extraction capabilities, and 
provide input data/parameters for ecosystem modeling. 

Landscape information systems in a wider sense are currently being set 
up for example in nature conservation for many purposes so for the 
Berchtesgaden National Park (Germany, 33,000 hectares) as part of a "Man 
and biosphere research project" and for other national parks, biosphere re­
serves and nature parks in Germany, Austria and Switzerland. Cross-border 
information systems are currently under construction for the adjacent na­
tional parks Sächsische Schweiz (Saxony, Germany), Labske piskovce 
(Czech Republic), and for the Pfälzerwald - Vosges du Nord (Germany, 
France) biosphere reserves (Werder 1998). Federsee Conservation Area in 
southern Germany, the c1ear requirements laid down for the system play an 
important role in making sure its use is targeted: documenting of plant and 
animal species in c1early defined plots, ascertaining what conservation 
measures are necessary and collecting c1ear information on complicated 
property situations (Wernicke 2000). 

An increasing number of digital information systems are being set up at 
the environmental authorities and specialist local authority offices, too. A 
systematic overview over existing data, its quality and availability will be 
necessary to enable coordination of information required for particular tasks, 
access to existing data and data acquisition. Up to now a large part of the 
specialist data was or is only available in analogue form (reports, maps, ae­
rial pictures etc.). Maps and plans are often not up to date, putting different 
maps together requires a lot of technological effort and is inflexible. More­
over, special ist local authority offices need access to a whole range of data 
that is distributed amongst separate authorities and institutions in addition to 
their own specialist planning. Landscape information systems could make a 
great contribution to fulfiling these tasks, especially if they are extended to 
become geographie "documentation and information systems" by adding a 
data catalogue. Such a system could be used to support management and 
planning of tasks and would offer many possibilities for spatial data analysis 
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of clearly-defined areas as weIl as flexible and economic ways of presenting 
the results. 

Meanwhile all the German federal states have environment and landscape 
information systems at their disposal. The landscape information system in 
North Rhine Westphalia (LINFOS NRW), for example, is a coIlection of 
numerous specialist files on conservation such as: intemationally significant 
conservation areas, well-protected biotopes, landscape conservation areas, 
biotopes worth being protected, locations where plant and animal species on 
the red list of endangered species are found and records of vegetation. Ham­
burg City Council has developed a similar information system for the areas 
of forestry, green areas and conservation. One main focus there is the im­
plementation of spatial instruments for information and analysis. 

The following advantages and uses can be expected when using a GIS 
and the means of digital data storage and data query or analysis it offers 
(LÖBF 1998, Page et al. 1993): 

secure storage and improved relevance of special ist data in authority of­
fices and avoidance of unnecessary expenditure when getting special ist 
data by having suitable interfaces and data transmission routes, 

- faster access for specialists from their work stations or from outside to 
the various data at the special ist institute, 

- creation of new methods of analysis or improvement ofexisting proc­
es ses by using different special ist databases, 

- effective presentation of evaluation and analysis results in a suitable form 
(thematic maps, tables, reports .. . ), 

- saving time and effort, and 
securing and improvement of the quality of work. 

GIS can be used for: 

- landscape planning and environmental impact assessment (see Chapters 
7.3 and 7.4), 

- protection ofbiotopes and species (see Chapter 7.7), 
- monitoring (see Chapter 4.2), and 
- efficiency checks (determination of wh ether or not the goals of conserva-

tion projects have been achieved, ascertainment of whether it is to make 
any corrections and ways in wh ich processes could be optimized). 

On the basis of topographie and thematie data, whieh are available in 
landseape information systems, it is possible to analyze the landscape struc­
ture. The necessary tools for these purposes (models, software programs -
e.g. FRAGSTATS) ean be linked to a GIS. Here we ean only introduee into 
this theme in an exemplary manner: 
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Landscape identity is forged by the combination and organization of 
separate landscape elements it contains (see Chapter 2.3). The structure of 
the landscape can be seen as an expression of the diversity of the site. Abi­
otic conditions determine the diversity of the surface cover in a natural 
landscape. Today's cuItural landscape is a product of the relationship be­
tween man and nature. By comparing the way in wh ich current uses of the 
land are structured (diversity determined by cultural landscape ) with the di­
versity of natural conditions in a specific area (diversity determined by natu­
ral conditions) the structure of the landscape can be used as an indicator to 
characterize the influences of cuItivation (Walz 200 I). 

For Saxony (Germany), the Shannon diversity was calculated as an ex­
ample on the basis of spatial environmental units (Figure 6.2-2). The details 
on land utilization were taken from CORINE land cover data, an European 
pro gram to survey land utilization on a scale of I: 100.000 (Table 6.2-1). 
Loess landscapes that are heavily used for agriculture such as the Central 
Saxon loess soil district had noticeably low results. Large areas of forest, in 
the Erzgebirge (Ore Mountains) for example, also proved to be not very di­
verse. In comparison, landscapes with diverse structures such as the 
Dahlen-Dübener heathland, the Königsbrück-Ruhländer heathland and the 
Upper Lusatian pond district were noted for their high results. However, 
some urban areas, such as the Dresden district along the river EIbe, also 
show high values. 

It is possible to interpret the results at this level; however, it is very im­
portant to examine which c1assification of land utilization was used in the 
questions. It is therefore necessary to use further parameters when carrying 
out an evaluation of the results because, for example, diversity in areas with 
settlement should be interpreted differently to the diversity in landscapes in a 
ne ar-natural state. It is recommendable to include information on how near 
to a natural state the area is and to what extent the area has been divided into 
smaller plots, as weil as information on linear elements such as waterways. 

Assessment of landscape structure can be used for planning and monitor­
ing purposes, especially if it deals with large areas and long-term observa­
tions. Landscape structure is an important feature for reflecting changes in 
the quality ofthe environment over longer periods oftime. Suitable data lev­
els should therefore be integrated into GIS. Furthermore, landscape structure 
can help to identifY areas important for nature conservation. In order to be 
able to assess the meaning of individual indices in landscape structure analy­
sis, they must be combined with information on landscape functions (see 
Chapter 5.2) 

It is possible to use landscape structure in habitat models to show the 
links between landscape and organisms. In this case the abiotic properties of 
the landscape can be linked to the demands of organisms in order to make 
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forecasts about specific areas. Alongside models for meta-populations and 
the dynamic of island habitats, simulations of population spread of single 
species (see Chapter 2.8) are being increasingly used. 

land use from CORINE-Iand cover 

_ artlficial surlaces 

NtnNf: agrtcuItUral areas 
__ fotE~sl and sem·natural areClS 

_ extracUoo sltes, dump slles 

c==J walm bodles 

Shannon-Diversity-Index 

Calc\Mted Qf'l basis of 
spatial environmer1tal unlts 

0.32 ~ O,67 

0,67 · 0.96 

0.96 - 1.27 

1.27 -1 .59 

1.59 - ' .97 

Oata: CORINE land cover 
u. W. Il. 8. 6eeg 

I!'. IMttMe:otEeo!ogit:el 
__ .20Ö=:= ::i""i-_-=60=.===80km ud;. ~:~nQlO~lOpmc!nl 

Figure 6.2-2: Landscape structure assessment (Saxony, Germany)(Data source: Stat. Bunde­
samt 1997) 
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6.2.4 Outlook 

Meanwhile GIS became an important tool in spatial planning. Evaluation 
of planned uses of environmental resources, which are in competition with 
each other and increasing complexity ofthe connections between causes, and 
effects that should be taken into consideration are increasing, as is the 
amount of information available. Existing data must be used more analyti­
cally and should also be linked synoptically. Using GIS for the purposes of 
landscape ecology and environmental planning in future planning and mon i­
toring duties is in the light of all this advantageous and definitely the right 
approach to take. Digital data and methods provide new possibilities for spa­
tial analysis and creation of spatial models. Combining different thematic 
levels, creation of buffers, statistical functions or creation of surface models 
using data in the form of points show how capable such systems are in as­
sessing data in spatial form in a way that would, if it were done analogously 
take up a great deal of time or may not even be possible at all. 

In order to minimize the danger using GIS solely for presentation pur­
poses, it is important to demonstrate that it is an analysis as weil as a plan­
ning tool. 

Despite all the advantages and opportunities presented, it should be kept 
in mind that the complexity of landscapes and ecosystems cannot be com­
pletely understood even with the best GIS. Currently only a fraction of eco­
systematic interrelations can be investigated using a range of simplified as­
sumptions. In this way, GIS could reach the level of ecological information 
systems or complex landscape management systems (Duttmann and Mosi­
mann 1995). Combining new theoretical models and new methods such as 
the further development of GIS data models is one of the most important 
tasks ofthe next few years (Blaschke 1997). 

6.3 Remote sensing and digital image processing 

6.3.1 Development of remote sensing 

Remote sensing means recording data about the surface of the earth from 
a certain distance without carrying out a direct inspection or drawing up 
maps. This became possible with the invention of photography. With the 
advent of aviation came the possibilities of taking pictures, first from bal­
loons and then later from planes. Remote sensing from space was developed 
with the advent of space travel. Pictures were taken from planes using the 
traditional method of photography, whilst digital systems quickly won the 
upper hand in remote sensing using satellites. 
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Today, it is almost impossible to deal with topics in landscape ecology in 
its broadest sense without the use of data collected by remote sensing. Troll 
(1939), a German geographer recognized this fact stating "Familiarity with 
ecological connections in the landscape as a result of terrestrial investiga­
tions ... makes it possible ... to draw boundaries on maps from aerial pictures 
and aerial maps" . Maximum use can be made of aerial pictures provided 
enough is known about the causal relationships between the different ele­
ments (c\imate, rock forms, water and soil erosion, and plant cover) and their 
typical structure within the area. 

The advantages of being able to see extensive interrelations from above 
are obvious. Naveh and Lieberman (1994) concluded that: "The fields of 
remote sensing and information science have a significant role to play in ho­
listic landscape evaluation. [ ... ] High and low-resolution sensors provide 
specific applications for many ecological systems." 

6.3.2 Information from remote sensing data 

The information from remote sensing data for landscape ecology comes 
from different regions of the spectrum, depending on the backscattering 
properties of different surface materials such as soil, vegetation type or areas 
of water (Figure 6.3-1) and the sensor used. Green vegetation, due to the 
pigmentation of the leaves, generally absorbs a high level of red and blue 
parts of the visible spectrum, hence, vegetation looks green because of a 
lower level of absorption of the green spectral range. Leaf surfaces disperse 
a high degree of infrared light, which makes this wavelength very suitable 
for distinguishing between different vegetation types. A leafthat is dry or ill, 
and whose structure has been damaged, can be recognized by means of low 
reflection in near infrared part of the spectrum. There is also a high level of 
backscatter of short wave infrared as a result ofthe low water content. 

The spectral areas mainly used are those of visible light, infrared and 
the thermal area. The human faculty of perception lies between 0.4 and 
0.71lm and the remaining wavelengths can only be recorded and used by 
means of remote sensing devices. Digital recording of the radiation reflected 
by the earth's surface does not take place in a continuous spectrum but rather 
in separate spectral channels which have a width of about O.I-0.2).lm. Most 
satellite sensors record in near infrared (NIR = near infrared 0.7-0.9Ilm), a 
region that can also be recorded by color infrared (CIR) aerial pictures. 
Whilst visible light consists of near and short wave infrared radiation that 
has been reflected, thermal infrared (TIR) results from the characteristic 
temperature of an object. Optical sensors can only pick up radiation in spec­
tral ranges that are emitted from the earth's surface where there is no absorp­
tion or dispersion of the radiation by ozone, oxygen, steam, carbon dioxide, 
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methane or nitrogen oxides. Such an "atmospheric window" lies between 0.3 
and I ~m and there is a second window in the thermal infrared range. Clouds 
and haze cause non-selective dispersion of the radiation and so appear to be 
gray-white. 
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6.3.3 Remote sensing systems 

Figure 6.3-1: Rejlection 01 selected land use 
categories and spectral bands 01 sensors 

According to the carrying platform and to the recording technique it is 
possible to distinguish between the following systems: 

a) airplane systems 
black to white aerial pictures (analogue), 

- CIR aerial pictures (analogue), 
- digital scanner data, and 

b) satellite systems 
- photographic imagery (analogue), 
- digital scanner data. 

Whilst most of the earth observation sensors are passive, i.e. they only 
receive solar radiation reflected by the earth's surface or heat radiation emit­
ted . A satellite in polar orbit can record every point on the earth but it cannot 
do so at any given time. As a result, the chances of being able to record in a 
c1oud-free situation in Central Europe are greatly reduced. Clouds pose a 
great problem when using remote sensing in the range of visible light to col­
lect information about the earth. It is often difficult to record enough data for 
a particular area when there are no c1ouds, which makes it difficult when it 
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comes to ehoosing satellite data. Only one to four reeordings per year are 
usually free of clouds (Kühbaueh et al. 1990). 

However, radar sensors (Table 6.3-1) are aetive sensors. They earry a 
souree of radiation, whieh is ideal as it is eonstant, has a defined wavelength 
and radiates aetive radar waves. 

Table 6.3-1: Operational radar satellites (after Schneider-Sliwa et al. 1999) 

satellite operating since spatial resolution (in m) width (in km) 
ERS-I/2 SAR 1991/1995 25 100 
JERS - I 1992 18 75 
Radarsat 1995 10 - 100 50 -500 
Envisat 1999 30-1000 56 - 400 

The ground resolution of operational radar satellites lies between 18 and 
30 m, whieh makes them interesting for questions in landscape eeology. 
However, the radar sensors only deliver information ab out the three­
dimensional strueture of the surfaee, not about the refleetanee of materials. 
The data ean only interpreted by the help of mathematieal processes and 
gives less impressive images than optical sensors (Table 6.3-2). 

One of the advantages of using airplanes as a platforrn lies in the fact 
that it is possible to reaet quiekly and flexibly to different weather situations. 
In spite of the new high-resolution satellite sensors, the resolution of air­
borne remote sensing data is not yet reaehed. Indeed high resolution images, 
both aerial and satellite, needs to include a digital elevation model for geo­
metrie eorreetion. 

The main advantage of satellite sensors eompared to airborne is that 
large areas ean be eovered, whieh makes the time-eonsuming task of proe­
essing eaeh individual aerial pieture and putting them together bit by bit un­
neeessary. Furthermore, there is no need to organize individual flights, 
whieh are also expensive. 

Continuous reeording of data by remote sensing from spaee started with 
Landsat-NASA satellites. Landsats 1-3 had aresolution of 60m. The latest 
Landsat 7 manages aresolution of 15m, using the newly adcled panehromatie 
ehannel. The three ehannels of the SPOT Satellites re cord radiation in visible 
and near infrared range with a spatial resolution of 20 by 20m. An additional 
panehromatie operational mode has aresolution of 10 by 10m. 

Sinee 1995 the panehromatie sensor of the Indian satellite IRS-l C deliv­
ers aresolution of 5.8m, whieh is a eompletely new quality eompared to all 
of the previous systems. It was mainly designed to be used for inventories 
and planning for the Indian State. 
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Table 6.3-2: Jmportant optical remote sensing systems (B-blue. G-green. R-red. NJR-near 
infrared. SWJR-short wave infrared. TJR-thermal infrared. Pan-panchromatic) 

satellite operat- recording spectral bands spatial swath- alti- revisit 
ing system (I-\m) resolution width tude rate 
since (m) (km) (km} (days) 

Landsat 1972 MSS, 0.5-06. 79 x 79 185x 930 18 
1-3 RBV 0.6-0.7 170 

0.7-0.8 
0.8-l.l 
10.4-12.6 

Landsat 1982, MSS, 0.45-0.52 (B) 30 x 30 185 x 705 16 
4-5 1984 TM 0.52-0.60 (G) 120 x 120 175 

0.63-0.69 (R) 
0.76-0.90 (NIR) 
1.55-1.75 (SWIR) 
2.08-2.35 
10.4-12.5 (TIR) 

Landsat 7 1999 TM, 0.5-0.9 (Pan) 15 x 15 183 x 705 16 
ETM 0.45-0.52 (B) 30 x 30 170 

0.52-0.60 (G) 
0.63-0.69 (R) 
0.76-0.90 (NIR) 
1.55-1.75 (SWIR) 
2.08-2.35 
10.4-12.5 (TIR) 60 x 60 

SPOT I, 1986, HRV 0.50-0.73 (Pan) IOxlO 60 x 60 830 26 
2 und 3 1990, 0.50-0.59 20 x 20 

1993 0.61-0.68 
0.79-0.89 
1.58-1.75 

SPOT 4 1998 HRV 0.61-0.68 (Pan) IOxlO 60 x 60 822 26 
0.50-0.59 20 x 20 
0.61-0.68 
0.79-0.89 
1.58-1.75 (SWIR) 

IRS le 1995 PAN 0.50-0.75 (Pan) 5.8 x .,8 70 x 70 817 24 
IRS 1D 1997 LISS-III 0.52-0.59 (G) 23 x 23 142 x 

0.62-0.68 (R) 142 
0.77-0.86 (NIR) 
1.55-1. 70 (SWIR) 70 x 70 

IKONOS 1999 PAN 0.45-0.90 (Pan) I x I 1I x II 680 1-3 
0.45-0.53 (B) 4x4 
0.52-0.61 (G) 
0.64-0.72 (R) 
0.77-0.88 (NIR) 

EROSA 2000 PAN 0.50-0.9 (Pan) 1.8 x 1.8 12.5 x 480 1-4 
12.5 
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IKONOS (Figure 6.3-2) has been delivering panchromatic data with a 
resolution of 1 m since 1999. It can be assumed that more systems with this 
degree of resolution will be available in the near future and that they will 
open new areas in environmental planning and landscape ecology. However, 
the price level of the data delivered by these systems is very high and the 
advantage of being able to cover extensive areas with satellite data is lost 
because of the small swath width. 

Figure 6.3-2: Panchromatic IKONOS-Image (Saxony Switzerland@Space lmaging Europe 
SA) 

6.3.4 Application of remote sensing data for landscape ecology 

Satellite images are primarily suited for purely visual interpretation. 
Combined with overlaying geographie information they form an excellent 
basis for the illustration of spatial facts . Multi-spectral c1assification of satel­
lite data for drawing up maps of surface cover is a (semi-)automated evalua­
tion method. Further information that can be gained is interesting as far as 
ecology is concerned (for example): 

information on the structure and texture (of landscapes or landscape ele­
ments), 
thermal information (on surfaces), 
biomass, e.g. vegetation index or leaf index, 
dynamies, changes in land use, and 
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- information on altitude. 

Remote sensing can be applied within very different task areas of land­
scape ecology and planning, e.g.: 

urban ecology (identification of urban or landscape structure), 
biotope mapping, 

- land use and landscape planning, 
agricultural statistics, 

- analysis of current land use patterns, 
cartographic processing of planning, 
observation of the effects and, to a limited extent forecasting, of natural 
risks (e.g. desertification, flooding, landslides, rock falls, wind damage, 
fire, water pollution), and 
observation of forest damages (by air pollution, insect outbreaks, climatic 
stress wind, snow, dryness). 

Probably the most important area in which data from remote sensing can 
be used is that of regional and global monitoring of changes in land use, 
vegetation cover and environmental media (see Chapter 4.2). Earth observa­
tion systems are most suited for delivering information for such monitoring 
purposes as they cover extensive areas. They record regularly and guarantee 
comparable information over long periods of time (e.g. from Landsat). It is 
absolutely necessary to consider and investigate the processes which take 
place in the different dimensions of space and time from alandscape eco­
logicalor holistic approach. 

In principle, remote sensing data should generally be considered as only 
one source of data within a GIS (see Chapter 6.2). 

Satellite data must be preprocessed before they can be used for different 
applications. Errors in the data caused by geometric distortion as it was re­
corded or where atmospheric factors had an effect should be corrected. Fur­
thermore, sensor errors should be taken into consideration and corrected 
where necessary. 

Satellite information must be entered into a standardized system of coor­
dinates so that it can be combined with other spatial information. Reference 
points that are clearly recognizable and whose coordinates are known are 
marked on the satellite image. The data is then converted into a geodetic sys­
tem of coordinates by means of polynomial transformation. 

The cultural landscape is changing very quickly and so there is a lack of 
up-to-date information on land use. Topographical maps often do not contain 
the information required, are frequently out of date, and do not distinguish 
clearly enough between particular land use forms. It is possible, by combin­
ing high-resolution panchromatic images with multi-spectral data of a lower 
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spatial resolution, to aehieve a high geometrie resolution without losing the­
matie information. 

By using sueh a eomposition and with the use of panehromatie data, 
ehanges in land use ean be quiekly reeognized visually. V{~ry good general 
maps ean also be drawn up by superimposing other geographie data. Super­
imposition of administrative boundaries, roads, railways, watereourses 
(Hildebrandt 1996) eould be eonsidered when dealing with tasks, for exam­
pie, in forestry, environmental planning, geography and cartography. The 
person observing sueh illustrations ean get additional information of about 
the surrounding landseape (Figure 6.3-3). 

Figure 6.3-3: Satellite map. Overlay ofvector data and IKONOS image data (Data source: 
Space Image Europe, Office for Environment and Geology ofSaxony) 

Potential areas of satellite image produets' applieation in landseape and 
urban planning are: 

updating of land use maps, 
mapping of town strueture types, 

- determination of the extent of surfaee sealing, 
- overall view of potential of land use eonfliets, 

drawing up of general maps for terrain mapping, 
visual reeording of very struetured areas to determine for whieh areas 
further on-site mapping is neeessary, and 
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- updating of existing geographical data such as mapping of biotypes. 

It is possible to create three-dimensional representations of the landscape 
by including digital elevation data, e.g. from laser scanner recordings car­
ried out from airplanes. Such perspective landscape presentations allow a 
better understanding of geographic areas and so make deeper analysis of 
landscape ecological conditions and interrelations possible. In addition, fur­
ther levels of information such as planning concepts (buildings, settlements, 
traffic systems, artificial lakes etc.) or the results of simulations can be in­
serted into a picture of the reallandscape. Their effects on the landscape can 
then be assessed from the varied viewpoints. 

6.3.5 Digital spectralland use classification 

To detect and classify separate areas of land use, the different reflective 
properties they have are recorded in different channels of the satellite scan­
ner (Figure 6.3-2). There are two basic methods of classification: supervised 
and unsupervised. In an unsupervised classification process, the division of 
classes is carried out automatically by a classification algorithm. The classes 
that result from unsupervised classification must then be interpreted and as­
signed to particular land uses. 

At the start of supervised classification assignment of areas on wh ich in­
formation exists either from inspections or existing geographic information 
is interactively determined on-screen. Adecision function is derived from 
these "sampie groups". All the pixels in the whole image are then compared 
to the characteristics of the sampie groups and are assigned to an object 
group by the decision function (Wieneke 1988). 

Spectral separation of the individual classes and spatial resolution are 
limitations in classification. The problem of separating classes according to 
the spectrum becomes clear, for example, in land use classes such as grass­
land and germinating crops. Therefore, it is important to choose the time of 
recording correctly or to use several recordings from a given year to distin­
guish between fields that have not yet been ploughed and grassland. 

It is also important to note that only the type of surface cover can be re­
corded and there is no information regarding function. A sealed area can, for 
example, be recognized as such with a degree of certainty. However, it is not 
as easy to determine whether it is a road or a parking lot. 

The resolution of multi-spectral scanner systems, which is usually be­
tween 4 and 30m, limits the ability to record sm all objects. An object that is 
smaller than the given dimensions or is only partially contained in a pixel 
will be received as a mixed signal including information from the environ­
ment surrounding the object and it will not be possible to identify it clearly. 



U. Walz 291 

Hyperspectral c1assification is used to identify individual minerals or 
water components by their typical behavior when absorbing or reflecting the 
spectrum. It is also used to distinguish between several surface materials in 
urban regions (roofs). To do this, it is necessary to record the characteristic 
absorption bands with sufficient spectral resolution. Such spectrometers or 
hyperspectral sensors in airplanes are currently used successfully, mainly in 
dry areas where is no plant cover, for geological exploration. It is conceiv­
able that this equipment could be used for mapping biotopes, investigating 
water quality or forecasting harvests. Such systems are still at the develop­
ment stage. 

Methods of multi-spectral classification look at each pixel separately. 
However, methods of texture analysis evaluate the gray scale values of the 
neighboring pixel and their relationships by using texture filters . Texture is 
defined by means of elements in a given form and size, and by the recur­
rence of this pattern. This approach is only of limited use fc)r the characteri­
zation of natural structures, as they neither usually contain simple, clearly 
defined elements nor occur in a rigid recurring pattern (Turner and Gardner 
1991 b). Structures that are determined by utilization have recognizable regu­
lar recurring patterns. Examples of this are the rows in corn cultivation or in 
intensive cultivation of fruit, or the regular structure of individual elements 
such as division of fields into typical sizes. In some cases it is possible to 
improve multi-spectral classification by including such textural parameters 
(Kaifel and Straub 1990). For this aim, one can distinguish between charac­
teristics of texture such as homogeneity, non-homogeneity, contrast, me an 
value, aberration from the standard and entropy. Characteristics of texture 
and multi-spectral properties are connected by means of the classification 
polynomial, which includes a channel containing the characteristics of tex­
ture. 

New approaches in digital image processing are based on segmentation 
of images into homogenous areas on different hierarchical levels (Blaschke 
200 I). Distribution of gray scale va lues (texture) and the form of individual 
units of utilization play an important role here. Areas that have been divided 
into segments can then be integrated into the classification process or used 
directly for defining boundaries for objects. 

Methods of digital image processing can also be used for the extraction 
of linear landscape structures (Figure 6.3-4). Linear elements found in sat­
ellite images are linear infrastructures such as roads, paths, railway lines or 
power lines. Every boundary between two areas of different utilization is to 
be regarded as a linear element. In ecology such areas are called ecotones. 
The margins of every land use plot are dominated by species that are only 
found or are mainly found near the boundary. Therefore, an ecotone is a 
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transition zone between neighboring eeologieal systems that has its own 
eharaeteristies (Hansen and Di Castri 1992, see Chapter 2.5). 

Linear infrastruetures often eause disruption, eeotones however are as a 
rule regarded as positive. Whilst existing geographie data ean be used in the 
evaluation of infrastruetures, these data sources contain very Iittle informa­
tion on ecotones. In particular, boundaries between grassland or arable land 
and the edges of fields bordering other fields or roads can not be distin­
guished. Modern remote sensing methods are necessary as they can fill the 
gap in information. Johnston et al. (1992) see great potential in determination 
of ecotones from panehromatic satellite images: "Satellite imagery is useful 
for boundary detection at landscape to global scales, and it provides an ob­
jective means of identifying and quantifying ecotones which can be applied 
to large areas." Smaller landscape elements (e.g. undergrowth) can also be 
picked out in high-resolution satellite data but the automatie cut-off detee­
tion processes that are based on the evaluation of differences in gray scale 
values between neighboring pixels are not able to distinguish wh ether such 
an area is the boundary between fields and forest or between a tarred fore­
court and the roof of a house. The cut-off areas that are detected should, 
therefore, either be combined sensibly with existing data or should be 
masked. Another possible approach is the evaluation of c1assified data or 
existing data, which has been used for another purpose, for example, bio­
mass calculated using NDVI data. Johnston and Bonde (1989) use NDVI 
values from Landsat TM data for the determination of eeotones. 

Landsat TM reeordings with ehannel 6 contain thermal information. 
The gray scale value of these heat images is c10sely conneeted to the surface 
temperature of the object displayed. Conclusions on the absolute surface 
temperature cannot be made without calibration using the help of terrestrial 
measurements. In comparison, it is possible to make reliable statements on 
the relative differences of the surface temperatures of different objects on the 
surfaee of the earth (Hildebrandt 1996). Thermal information becomes im­
portant when the connection is made between energy balance and the land­
seape. Ripl (1995) assurnes that the strueture of the earth's surface will be 
more long-Iasting the more efficient an area is at dissipating the energy im­
pulse from the sun's radiation. Dissipation of energy is achieved by a combi­
nation of loeal evaporation, dissolving and biological produetion processes. 
In terms of evaluation this means that areas with a high level of reflection 
have a low level of landscape efficiency and those with a low level of reflec­
tion a high level of landscape efficieney. 
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Figure 6.3-5: Extraction of linear features frorn IRS-IC panchrornatic data (Data source: 
ANTRIJ(, SIE, Eurornap Neustrelitz) 

The different characteristic levels of reflection of living green vegetation 
in particular spectral ranges mean that spectral indices can be developed, 
wh ich make it possible to distinguish between areas with living vegetation 
cover and areas where there is no vegetation or the vegetation has died. As 
living plant populations reflect more in the near infrared range than inani­
mate surfaces and less in visible infrared range it is possible to form a vege­
tation index using these two spectral ranges. The Normalized Difference 
Vegetation Index (NDVI) has proved to be the index most used: As Netz­
band (1998) was able to show the values of the vegetation index correlate 
with the extent to which the land is sealed in urban areas. 

The Green Component (Hildebrandt 1996) offers a further possibility for 
biomass evaluation. It is calculated using the so-called Tasseled Cap. Fur­
ther Tasseled Cap coefficients are brightness components, areas that are in­
dicated with low vegetation and high level of reflection and moisture com­
ponents that indicate water or humidity. 
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6.3.6 Summary and outlook 

Remote sensing data are an important basis for dealing with quest ions in 
landscape ecology. It makes it possible to get current information on large 
areas of land. Used alongside visual evaluation and superimposing other 
geographical data it is possible to c1assify land use areas as weIl as carry out 
a whole range of other thematic evaluations. Technical development shows a 
trend that is going into two directions. Firstly, the resolution of satellite data 
is improving with every mission; it is expected that in the near future a spa­
tial resolution of O.5m will be possible. This will mean that satellite remote 
sensing will have achieved the same resolution as aerial photography. Sec­
ondly, surveys carried out using airplanes are becoming more important, for 
example, when gathering highly accurate data on terrain by means of laser 
scanning. Moreover, use of radar sensors will undoubtedly playamore im­
portant role in the future as it is the only method which can make recordings 
regardless of the weather situation possible. 

It can also be ascertained that the new generation of satellites (e.g. IRS­
I C, IKONOS) will not really be able to make a significant improvement in 
the c1assification of land use areas. Landsat TM data is still the most suitable 
for classification with its seven spectral channels, one of which of course is 
low resolution. New digital image processing technologies are under devel­
opment. In future the combination of spectral and textural characteristics will 
be important for an object-oriented c1assification, instead of single pixel 
based c1assification algorithms. 

For the purpose of application-oriented visualization, remote sensing 
provides a method that can be processed and used with a relatively low 
amount of effort. If data is externally processed in advance, it is possible to 
include remote sensing data in an analogue work process or on a PC, which 
is not equipped with a GIS. Provision of current information on land use 
covering whole areas is important for planning authorities and offices in par­
ticular. 

Integration of high-resolution satellite remote sensing data into the basic 
data and information systems of the survey offices and individual specialist 
institutions will be decisive for its future use. It can be hoped and expected 
that the availability of graphic geographic information on actual surface 
cover can make a contribution in supplementing the sometimes abstract in­
formation that is found in planning documents and maps to achieve a better 
understanding of the consequences in intervention in the decision making 
process. 
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6.4 Models in landscape ecology 

6.4.1 Introduction 

Society needs a way to handle alandscape as a whole, so that the human 
manipulative capabilities do not have too much headstart over our knowl­
edge about the impacts of these manipulations (Odum 1969). However, ex­
tent and rate of effectuate changes in landscapes still exceeds, to a high de­
gree, the scientific capability to reliably predict long-term impacts of techno­
logical developments on natural cycles and processes. Human impact on 
landscape pattern, material fluxes, habitats for plants and animals, but also 
on socio-economic situations has in fact reached a degree that may lead to 
irreversible changes and put at risk the natural systems essential for life sup­
port. Thus, landscape ecology and other environmental sciences have to de­
velop suitable and improved methods to assess the impacts of anthropogenic 
changes in landscapes and to develop a conceptual base for sustainable land 
use. 

During the last few decades it has turned out that models are suitable in­
struments to improve understanding of natural or economic systems. Addi­
tionally, they seem to enable comparison and assessment of results from fac­
tors that are assumed to influence these systems. By formalization and gen­
eralization of the complex reality, landscape models - like any other kind of 
model - provide the opportunity to connect detailed knowledge of different 
disciplines (Leser 1991 a). Thus, it becomes possible to assess the related 
ecological and economic consequences of alternative management strategies 
or potential impacts of human induced landscape changes. In spite of the 
recent progress, the evaluation of integrated dynamic landscape models is 
only at the beginning of a far-reaching development. This shortcoming 
stands to reason considering the lack of quantified data on some topics, the 
high complexity of the task, as weil as the methodological problems to get 
data in landscape ecosystems. Wenkel (1999) describes the five steps of de­
velopment from single models to complete model-GIS-integration, wh ich is 
characterized by coupling and interactive information exchange between 
sectoral dynamic process models among each other and with a GIS (see 
Chapter 6.2), as weil as interactive handling. This chapter deals with the de­
velopment and application of models for the investigation of several parts of 
the landscape ecosystem including the state of the art on integrated dynamic 
landscape models. This includes both technical and theoretical aspects. 
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6.4.2 Landscape ecology: Models for the investigation of complex topics 

A model is a simplifying simulation of complex shapes from the reality 
and not the reality itself. Complexity is, thereby, a feature that results from 
the modeler's perception of the system in question (Schultz 1997, Wenkel 
1999). The view of the modeler and thus the spatio-temporal resolution of 
the treated system are, of course, influenced by the modeling objective. 

In the past, several attempts have been made in order to approach meth­
odologically this complex topic within its theoretical framework (Finke 
1994). However, this goal has yet to be reached. This insufficiency is caused 
on the one hand by a specialization of bio- and geo-sciences. On the other 
hand, a lack of suitable methods to combine the perceptions of different eco­
logical disciplines, socio-economy and computer sciences was and mostly 
still is the reason for insufficient entire landscape synthesis or modeling. 
Thus, a huge amount of models have been developed within the single sub­
ject areas of landscape research. These have mostly synthesized the existing 
sectoral process knowledge (Wenkel 1999). Using the example of models to 
investigate water balance and waterbound material fluxes, we will highlight 
some general tendencies, problems and potentials oftheir application. 

6.4.3 Modeling the water balance 

The first models for the calculation of the landscape water balance stern 
from the late 1940s. Since that time, and due to the manifold requirements of 
the investigation of the water balance, the development of these models has 
undergone rapid progress in various manners (Dyck 1983, Xu et al. 1996). In 
general, one can differentiate between three methodological approaches to 
the modeling ofthe landscape water balance today: 

- physical-deterministic models that are based on the fundamentallaws 
ofphysics (mainly hydro- and thermodynamics), chemistry, biology, etc., 
conceptual models that consider these laws in a simplified way and 
work simultaneously with empiric approaches, and 
empiric-statistical models that are only based on empiric measured 
cause-effect-relations of system in- and outputs, without the demand to 
comprehend the basic legalities. 

The transitions between these approaches are fluid. Furthermore, hydro­
logical processes always show deterministic as weIl as stochastic features. 
Both are based on the inevitable simplification of the complex reality and the 
appearing defects and uncertainties that occur with the gathering of the input 
data (Nemec 1993). 
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According to the model type and purpose of modeling, it is possible to 
handle different spatio-temporal resolutions. In doing so, compromises 
have to be made mostly between targeted accuracy and the available data. In 
the case of investigating non-linear processes (e.g. precipitation - runoft), it 
has to be worked in hourly or daily steps, whereas for seasonal or year­
specific qualities monthly or annual steps are sufficient. The potential degree 
of spatial resolution reaches from greatly aggregated approaches, in which 
the investigated watershed is subdivided in only few sub-basins with similar 
geophysical characteristics (lumped models), up to models that consider the 
variability ofspatial structure (distributed models). 

The possibility to work with data with a high spatial resolution is im­
proved due to increased computer capacities, development of geographic 
information systems (GIS, see Chapter 6.2), and the increasing availability 
of digital data. In general, all input data used for model applications have to 
be prepared and modified depending on the specific calculation characteris­
tics of the models (Petry et al. 2000, Volk and Steinhardt 1998). This is also 
important for deriving indicators for environmental conflicts, land use, water 
balance and morphological interactions in catchment areas. One main prob­
lem of large-scale investigations is verifying the resuIts. As measured data 
are mostly unavailable, the investigation has to be hierarchically linked to 
studies on smaller scales (sampling and analysis at representative locations, 
mapping, measuring, and application of small-scale models) (Steinhardt and 
Volk 2000). Nevertheless, the application of these traditional methods is es­
sential not only for verifying the modeling results, but also for improving 
basic knowledge about how the landscape ecosystem functions (Hauhs et al. 
2000). 

Society affects the fluxes of water, matter and energy within alandscape 
by the parameter land use. Models are used to describe the impact of land 
use changes on the potential groundwater recharge (Volk and Bannholzer 
1999). For the most part, variants or scenarios (see Chapter 4.3) are investi­
gated which base on assumptions on cIimate change or impacts of political 
decisions (Table 6.4-1, Figure 6.4-1, Volk et al. 2001). 

Quite obvious land use changes result in appreciable shifts of the simu­
lated total run-off, if related to the whole study area. The listed results (Table 
6.4-1) do not allow derivations about local changes or conditions; which can 
be much higher than the averaged values. In this connection, an algorithm 
has to be considered which takes into account the predicted land use changes 
upon the area. The assumptions about the spatial distribution of land use 
changes can be made on the basis of considerations of plausibility, or addi­
tional models might be used (Fohrer et al. 1999). 
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Table 6.4-1: Examples ofscenarios ofland use changes and landscape water balance 

region orientation ofthe land use changes run-off authors 
scenarios change 

Northeast EU-agricultural afforestation (4% of farmland) -1% Wemeret 
Germany reform al. (1997) 
Northeast EU-agricultural afforestation (32% of farm land) -10% Wemer et 
Germany reform al. (1997) 
Hesse agricultural policy: decrease offorest (42% to 13%) +8% Fohrer 

pasture premium increase offarmland (44% to et al. 
73%) (1999) 

Hesse agricultural policy: increase of forest (42% to 49%) +2% Fohrer 
loss of animal kee- decrease of farm land (44% to et al. 
ping 37%) (1999) 

Saxony- analysis of land use afforestration of farmland -9%to Volk and 
Anhalt conflicts in priority -2% Bannholzer 

areas (agriculture (1999) 
vs. groundwater 
protection) 

Saxony regional political consequences of different devel- -2,3% Volk et al. 
decisions for the opment scenarios (changes of (in (2001) 
conservation of protected areas, mining acti- aver-
natural resources vities, sealed areas, cultivation age) 

Qractice, afforestationl 

Figure 6.4-1: Due to land abandonment and afforestation of mostly poor sandy soils in 
North-Eastern Germany, water balance and alterations are expected: Terminal morain land­
scape at the Pars/ein lake near Eberswalde (Brandenburg, Germany) (Photo: 0. Bastian 
/990) 
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6.4.4 Modeling waterbound material fluxes and water quality 

The outwash and transport of material, nutrients and pesticides is 
mostly linked to an amount of water flowing out of a region. This results in 
an input of this material into the groundwater and surface water with an im­
pact on the water quality. The investigation of these processes is often con­
centrated on phosphate (particle-bound transport through erosion: horizontal 
processes) and nitrate (soluble transport through seepage: vertical processes). 

Examples of such nutrient transport models are shown in Figures 6.4-2 
and 6.4-3. Most of the nutrient load of surface waters originates from non­
point sourees. To analyze these processes, the application of distributed pa­
rameter models in combination with GIS seems to be a useful method. Ac­
cording to the relation of the material fluxes in landscapes to hydrological 
processes (see above), most of the models investigating waterbound lateral 
and vertical material fluxes consist of a hydrological model combined with a 
material transport component. Several of these models are listed and de­
scribed by Bork and Schräder (1996) and Grunwald (1997). One of the latest 
innovative models based on physically approaches is EROSION 2D/3D -
developed in the 1990s in Gerrnany (Figure 6.4-4). Several studies are deal­
ing with the application of models to investigate the impact of political deci­
sions and related land use changes on waterbound-material fluxes and water 
quality (Franko et al. 2001). 

Figure 6.4-2: Modeling the nutrient balance: HERMES (Kersebaum 1995) 
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parameters driving force 

Figure 6.4-3: Modeling the carbon and nitrogen dynamics: CANDY (Franko 1997, Franko et 
al. 2001). The simulation system CANDY (CArbon and Nitrogen DYnamics) has been devel­
oped in order to describe the dynamics ofthe carbon and nitrogen turnover in the soil, as weil 
as the dynamics of soil temperature and soil water content. All processes in the unsaturated 
zone are described for a one-dimensional soil profile. The system consists of both a simula­
tion model which is imbedded into a user interface, and an environmental data base provid­
ing information ab out drivingforces, initial values and series ofmeasurements 

6.4.5 Research sectors, models and scales 

At present, many of the physically based approaches with a high spatio­
temporal resolution cannot be effectively applied to medium-sized water­
sheds (Fohrer and Döll 1999, Grayson et al. 1992) because of the huge 
amount of input parameters required. Despite the much greater effort needed 
to parametrize, validate and run physically based models, simulated results 
often provide only slightly better or sometimes even worse correspondence 
with measured values than lumped-parameter models (Seyfried and Wilcox 
1995). In this context, it should be mentioned that most of the common em­
pirical models employed by environmental and planning offices and authori­
ties rarely use more than three parameters (Hauhs et al. 2000). 

Bearing these problems in mind, several models have been tested for 
their scale-specific applicability with respect to the time schedule and top­
ics of research projects (Krysanova et al. 1996). Before applying a model, 
the algorithms used have to be checked. For example, most of the models 
that have an erosion component are based on different versions of the USLE 
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(Bork and Schröder 1996, see Chapter 5.2.2). It seems important to be able 
to adapt the model algorithms to the specific conditions of a study area. As 
most of the models were developed within research projects carried out in 
specific study areas, the possibility of transferring these methods to other 
regions needs to be tested. 

input parameters 
relief parameters precipitation parameters soil parameters 

digital elevation model duration of rainfall roughness (Manning) 
rainfall intensity erosion resistivity 

canopy cover 
texture 

bulk density 
initial moisture 

organic contents 

preprocessor module 
contral parameters (user defined) 

parameter for flow distribution correction factor 
threshold for flow accumula- deposition coefficient 

tion 
computation of 

slope infiltration rate 
aspect 

real (filled) area 
flow paths 

drainage network 
flow and path length 

upslope area 
catchment boundary 

T T T 
calculation module 

momentum of dro lets momentum of 110w 

output parameters 
output parameters related to a point output parameters related to element 

runoff [m 3/m) overland flow 
transported sediment [kg/m) erosion / deposition for element [kg/m2) 

sediment concentration [kg/m3) or element's upslope area resp. [tlha) 
grain size distribution [%) channel flow 

runoff [m3/m) 
transported sediment [kg/m) 

grain size distribution [%) 
erosion [tlha) 

Figure 6. 4-4: EROSION 2D/3D (Schmidt 1994. von Werner et al. 1999). E2D is a physically 
based soU erosion model/or single slopes. The model calculates the amount 0/ eroded mate­
rial. the runojJvolume, as welf as the material deposition along a slope profile at single pre­
cipitation events. The model consists 0/ three parts: the digital slope model, the erosion 
model, and the infiltration model. E3D is mainly based on the same algorithms like E2D. 
Additionally, the description 0/ the spatial distribution 0/ erosion processes is enabled by 
including a digital terrain model into the calculations 
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During the last years it has beeome clear that the solution of eomplex 
problems requiring knowledge from different scientifie disciplines cannot 
always follow a single model application. Integrated modeling requires the 
usage of a common database, spatial and temporal scales have to be com­
patible "and a smooth exchange of data and results between the sub-models 
must be guaranteed" (Weber et al. 2001). For these purposes, oftentimes two, 
three or more stand-alone models in the fields, e.g. of (agricultural) econom­
ics, ecology and hydrology are developed or adapted joining in an inte­
grated model system (Horsch et al. 2001, Weber et al. 2001). This requires 
the c\ose eooperation of the research groups of the different seientific disci­
plines. The models are mostly integrated using GIS, and as "integrated 
model system" they are thought as instruments or tools with which political 
decision-makers will be able to evaluate land use variants or alternatives. 
However, as mentioned above, Wenkel (1999) differs between the following 
five development steps from single models to integrated dynamic landscape 
models: 

Step 1: development of sectoral ecosystem models and application of GIS 
for landscape analysis, 

Step 2: coupling of a GIS with statistical assessment models (model-based 
assessment of the landseape potential), 

Step 3: coupling of a GIS with sectoral dynamic process models (spatio­
temporal assessment of selected landscape functions, see Chapter 
5.2), 

Step 4: partial model-GIS-integration (data bank-based automatie coupling 
and mutual information exchange of GIS with sectoral dynamic 
process models), and 

Step 5: complete model-GIS-integration (coupling and mutual information 
exchange between seetoral dynamic proeess models among each 
other and with a GIS, as weIl as with interaetive operating). 

Analyzing re cent development, it has to be pointed out that most of the 
models can be assigned to the steps 1 to 4. In spite of various approaches to 
this direetion one will find only few examples foIlowing the idea of dynamic 
landscape models (step 5). The main reasons for this lack may be the mani­
foldness and complexity of the methodological and research organizational 
problems to master. However, most of the modeling is still sector-oriented 
but uses increasingly the potential for coupling dynamic process models with 
GIS in the sense oflandseape models (step 5). 
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6.4.6 Landscape models 

The view taken in landscape modeling is that alandscape is understood 
as a spatio-temporal structure. The research object determines wh ich com­
ponents of the entire complex "landscape" have to be included in the scien­
tific consideration and description. It is, thereby, not possible to include the 
description of the overall complexity of areal existing landscape. Hence, a 
landscape is described mostly on a meso-scale level, which enables a higher 
area-acridity in comparison to the global level, but not reaching the high spa­
tio-temporal resolution ofthe locallevel (micro-scale). 

First prototypes of dynamic and transferable landscape models were de­
veloped at the beginning of the early 1990s at the University of Maryland 
(USA). They integrate biological and physical processes and consider essen­
tial processes and their interactions with landscape structures (Maxwell and 
Costanza 1994). Beside this they enabled a distributed respectively spatial 
explicit simulation of process behavior in landscapes. 

Nowadays work with mesoscale level models has become more and 
more important. They have to fulfil primarily a strategic task and serve as an 
assessment of the efficiency of alternative measures (Horsch et al. 2001). As 
these models should enable political decision making, they are considering 
cost-benefit aspects and thus include both ecological and economic com­
ponents. 

Because of their intermediary reference level, the conception of land­
scape models often requires a tightrope walk. On the one hand, the complex­
ity of the man-environment-system has to be considered in the sense of the 
holistic approaches of global models. On the other hand thc model structure 
is determined by the necessity of reduction to a few relevant factors in order 
to illustrate cause and effect correlation with the aid of technical-functional 
partial models. This results in a simplification of the reality, but also in a 
systematization of complex correlation and interactions. 

With the simultaneous consideration of ecological and economic factors 
aresolution of the problem of coupling the different spatio-temporal scales 
of the different scientific disciplines can be found. This is especially true in 
consideration of the fact that the factor "space" is rarely 01' interest for eco­
nomic models. Additionally, ecological and economic models consider the 
factor "time" to a very different degree. Therefore often a comparative-static 
approach is used that compares two static mapped conditions with each 
other. An interdisciplinary modeling requires the coordination between the 
time horizons of each research disciplines. 

We now present two examples of landscape models. Formation and 
structure of the landscape model, as weil as the couplings between the mod­
ules of the model are depending on the objective of the research project. Ta-
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ble 6.4-2 shows an example for modules ofthe landscape model "Kraichgau" 
by Dabbert et al. (1999) that has been developed for the analysis and as­
sessment of environmental impacts in agrarian landscapes. These modules 
are represented by several single assessment algorithms or models and form 
the landscape model by various input- and output-connections among each 
other. 

The prime objective of the most landscape models is to create an inte­
grated approach to economic and ecological processes in a watershed. Figure 
6.4-5 shows an example of an integrated ecological-economic modeling and 
evaluation framework. The objective of the study determines very much the 
spatial, temporal and structural resolution of the model. The following parts 
show the structure of alandscape and related topics on the example of the 
Patuxent watershed model (Voinov et al. 1999, http://iee.umces.edu/PLM). 

rest of the 
world 

global 
and 
regional 
climate 

spatial 
trans- sion land use 
boundary ecosys- module transi-

tem . tion 
pollutants ~ modules I+----+leconomic model 

• :'",i spatial !~;~s~~oen . 
regional 
and na­
tional eco­
nomic ac­
tivity 

module :;-:-:-:-! valueiof 
economic econQmy 
activity ... -_-_-_-_-_-_-_-_-_-_-_-_t-_-_ -_ -__ -+I to soqiety 

module - ! 
L-_--' ____ _ ____ ~-

regional ~ .-- -
and na- local regu regula-
tional regu-t;::::t:========~latory gov tory 
latory gov- i ernancel envi- . 
ernancel policy sys ......................... , 

political tem L-__ ....l 

system ... ------------------------------- -------
Figure 6.4-5: lntegrated ecological-economic modeling and valuation framework: driving 
forces, initial values and series ofmeasurements (http://iee.umces.edu/PLM) 

In the spatial domain it has to be assured that the ecological, hydrological 
heterogeneity in the area can be represented as weil as the socio-economic 
heterogeneity. Two types of spatial design have been mostly used in water­
shed modeling: 

Lumped network based units: the whole area is subdivided into regions 
based on certain hydro-ecological criteria. These may be subwatersheds of 
certain size, hillslopes, areas with similar soil and habitat properties, etc. 
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Grid-based units: the landscape is partitioned into a spatial grid of unit 
cells. The cells may have different size but their geometry is the same. This 
approach allows cell attributes to change during the model run. 

Table 6.4-2: The Ihemalic modules ofthe landscape model "Kraichgau" (Dabbert et al. 1999) 

thematic module 
module nitrogen 

module erosion 

module economy 

test modul farm modeling 

module nitrate 

module nutrient input 
module area-relation 

description 
soil-related description ofthe potential risk of groundwater 
contamination by nitrate input 
soil-related description ofthe potential risk for soil denudation 
byerosion 
illustration of the impact of agrarian policy on agricultural 
companies (farms) (c1ose sectors) 
estimation of changed boundary conditions on companies 
(farms) (locallevels) 
description ofthe nitrate loading in depenclence to the cultiva­
tion practice 
modeling ofthe nutrient input in biotopes 
generation of area-concrete data from aggregated data 

One possibility for the temporal design of landscape modeling is the 
definition of fixed time steps according to the goals of a study, e.g. they have 
to be long enough to illustrate the impacts of political decisions by models or 
limited by the temporal borders far assumptions on economic structure and 
development. Other approaches assume that in time it is possible to represent 
the system as a sequence of independent discrete events. 

With respect to structural design we have to state that landscape models 
are more and more process-based. The processes considered are mostly re­
lated to climatic conditions, hydrology, nutrient movement and cycling, ter­
restrial and estuarine primary productivity, and decomposition, etc. As men­
tioned in Chapter 6.4.3, the hydrologic processes are fundamental for the 
models, simulating water flow vertically within the cell and horizontally be­
tween cells. Nutrients cycled through plant uptake and arganic matter de­
composition, etc. The model should incorporate a modular structure. This 
allows individual modules to be designed and tested independently, prior to 
running the full model with all modules. Figure 6.4-6 shows an example of 
the structure of alandscape model. Alandscape model is not a "universal 
model" but a "meta model" which holds a multitude of ve:ry different mod­
ules in a model bank. 

The success of model calibration is very much dependent upon the 
available data. Calibrating and running a model of this level of complexity 
and resolution requires a multi-stage approach (see Chapters 6.4.3 and 
6.4.4). However, from a scientific point of view the validation of dynamic 
landscape models is awaiting a satisfactory solution to the problem caused 
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by lack of available high-resolution data, as weil as by a lack of suitable 
strategies for the validation of complex models. Wenkel (1999) points out 
that an ensemble ofmethods could lead to a solution ofthe problems. 

[ _ _ Socio-economic regi~al model 

- --------, 

Landscape water·. 
material· and energ 
balance models 
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Figure 6. 4·6: Main modules 01 a the dynamic landscape model .. MLM" (after Wenkel 1999) 

6.4.7 Conclusions and outlook 

There is an obvious trend from the development and application of single 
models to the development of integrated dynamic landscape models holding 
a multitude of very different modules in a model bank. Landscape models 
aim at the analysis and assessment of medium- to long-term ecological and 
socio-economic consequences of human caused landscape changes. Land­
scape ecology is understood as an inter- and transdisciplinary scientific 
branch (see Chapter 1.3). That means that an instrument trying to consider 
the landscape ecosystem from a holistic perspective and bridge the methodo­
logical and technical difference between scientific disciplines can only be 
developed in a multidisciplinary cooperation of many scientific fields. Due 
to Wenkel (1999) the future progress in landscape modeling will depend par­
ticularly on the success of unite theoretical and experimental ecologists with 
system analysts, computer scientists, and socioeconomists. Beside many sci­
entific and technical open questions, some complex problems have to be 
solved in the future (Wenkel 1999, Volk & Steinhardt 2001). 
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Application of landscape ecology 

H. Barsch, O. Bastian, C. Beierkuhnlein, A. Bosshard, J. Breuste, F. Klötzli, 
K. Otl, B. Tress, G. Tress, U. Weiland 

7.1 Landscape ethics and sustainability 

7.1.1 Introduction 

The language game of landscape ecology entails several action-guiding 
verbs like "promote", "enhance" , "restore", "preserve", "safeguard", "en­
sure", "upgrade" to name just a few. They are closely related to conceptions 
of what should be done. Due to this evaluative and protective character of 
landscape ecology and due to its connectivity with evaluations, planning, 
and decision making it seems urgent to add philosophical and ethical consid­
erations to the overall transdisciplinary research pro gram of landscape ecol­
ogy. Oue to the multi-facetled concept of landscape tht~se considerations 
should be performed in a more reflective way. It is quite trivial to say that 
humans are responsible for the regions they inhabit since they are designing 
and planning of how to modify landscapes according to their objectives and 
values. The notion of responsibility is intrinsically related to values, obliga­
tions, and principles which are debated in ethics. These categories will be 
analyzed in Chapter 7.1.2. In a further step the underlying ethical aspects of 
different disciplinary perspectives will be outlined (see Chapter 7.1.3). At 
the end of this investigation it shall be asked how different perspectives are 
related to each other. Additionally, the relationship between landscape 
evaluation and the concept of sustainability will be explored (see Chapter 
7.1.4). In a final section, it will be pointed out how the rightness of proce­
dures and the goodness of outcomes are related in cultural debates about 
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how to take responsible care of landscapes (see Chapter 7.1.5). It will be ar­
gued that a highly democratic and discursive approach in landscape planning 
could provide "good" outcomes if some general insights of environmental 
ethics are presupposed and taken seriously. 

7.1.2 Ethical values, obligations and paradigms 

In ethics, the theory of values is called axiology. The theory of obliga­
tions is called deontology. Environmental ethics is one field of practical phi­
losophy ("applied ethics"). The notion of value may serve as a starting point 
of analysis. One can distinguish three axiological paradigms: 1. idealistic 
("Platonic ") paradigm, 2. naturalistic (or realistic) paradigm, 3. preference­
based paradigm. 

In the idealistic paradigm which goes back to ancient philosophy values 
are regarded as ideal entities which are located in a sphere of pure validity. 
Thus, this first paradigm rests on strong assumptions which are hard to de­
fend in contemporary philosophy. Among others, Mackie (1977) has criti­
cized both the ontology of aseparated realm of ideal values and the episte­
mology of a special faculty called "intuitus" by which one can have insight 
into this realm. A Platonic account in landscape evaluation would have to 
"double" any landscape into an everlasting idea. There is no reason to be­
lieve that any landscape has an ideal double. This idealistic paradigm has to 
be rejected for several philosophical reasons. 

In the naturalistic paradigm values are regarded as properties (or fea­
tures) of natural or cultural objects. This paradigm had been rejected since 
the enlightenment but it has become quite influential in environmental phi­
losophy mainly due to the work of Rolston (1988). According to hirn there 
are non-experienced and therefore "absolute" values in nature. Value judg­
ments are then to be regarded as a certain kind of factual judgments. "We 
need to think of value judgments as genuine ( ... ) claims ab out the world" 
(Rolston 1988). One reason against naturalistic approaches in axiology shall 
be mentioned. If one distinguishes primary, secondary, and tertiary qualities 
of entities, primary qualities are real. They are the proper objects of physics 
and chemistry. Secondary qualities as colors are intrinsically related to per­
ceptions. Tertiary qualities are supervening to both first and secondary qual i­
ties. (One is free to like or to dislike the colors one perceives.) Tertiary 
qualities are interpretations of perceptions according to some underlying 
preferences, interests and cultural standards. If so, it seems to be a categori­
cal mistake to naturalize values. This mistake would be repeated in a natural­
istic landscape evaluation. Values are not parts (properties, features) of a 
landscape but parts of alandscape might be valuable to human subjects. 
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In the third axiological paradigm the basis of valuation lies in the differ­
ence between favorable and unfavorable states of the mind ("preferences"). 
A human subject assigns ("attributes") some value to something according to 
her preferences and according to value-standards she on ce has adopted. Pref­
erences are "first-person"-information. The basic assumptions of this para­
digm are similar to those being made in an economic perspective. The basic 
terms are "good" and "bad" . "Bad" simply denotes a negative preference: 
"Something is bad for me." "Good" and "bad" might be specified by any of 
the axiological attributes which are used in ordinary language. The intensity 
of valuing something can be expressed by those attributes. The term "good" 
has an axiological, not yet a moral meaning. 

The conceptual advantages ofthis paradigm are the following: 

1. This approach has a large scope of applicability. 
2. There is nothing puzzling about values in this paradigm. Valuing is an 

essential part of our daily life. 
3. Everyone is free to value matters as one really feels about them ("authen­

tically"). Landscapes can be judged as being "nice", "richly structured", 
"marvelous", "boring", "ugly", "admirable", and the like. Single newly 
introduced elements like buildings or roads can, for example, be judged 
as "fitting" (or not). In judgments about landscape modifications, we use 
axiological attributes like "fitting", "disturbing", "enriching", "impover­
ishing", and "(dis)harmonical". 

4. Experimental psychological studies or economic techniques of landscape 
evaluation can be integrated in this paradigm without conceptual difficul­
ties. Moreover, factual evaluations might be traced back to underlying 
cultural conventions of how to take care and make use of landscapes 
(Nassauer 1997). 

5. This paradigm fits weil into the plurality of aesthetic taste which charac­
terizes our modem situation. 

6. One gets a clear analytical approach towards value-judgments. A subject 
(S) judges some feature (f) of some entity (x) (or the entity as such) as 
valuable (v) according to some standard (s). One can transform this basic 
structure into a (ordinal) bettemess-relation: S judges something (f(x) or 
x) as being better (» or as being "at least as good as" (?) than something 
else. Details of analysis are given in a logic of preferences. This axiologi­
cal paradigm encompasses even "deep" values like "feeling at horne", 
"enjoying othemess", "being anchored or transformed", "appreciate 
beauty", "admiring the grand scenes", "meditating the sublime", "feeling 
awe", and the like . 

Some consequences of this axiological paradigm have to be accepted. 
There is, first, no conceptual space left for "absolute" values of nature and 
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landscapes independently of conscious valuers. Second, a cultural plurality 
of preferences, conventions, and standards must be accepted. Third, one is 
always at some pain to explain why so me value judgments are "better" or 
"worse" than others. Fourth, the gap between values and obligation must be 
bridged. 

In axiology and in environmental ethics several proposals have been 
made to categorize values. The most common distinction has been made be­
tween instrumental and intrinsic values. Instrumental values are part of a 
mean-end-relationship: something is as a mean (instrumentally) "good" or 
"bad" for something else. The existence of intrinsic values is conceptually 
entailed in the idea of a mean-end-relation since the chain of means must 
come to an end at some practice or state of affairs which are as such ("intrin­
sically") valuable. It would be absurd to imagine a world full of means with­
out any final ends. There are four categories of values, wh ich are coined as 
folIows: 

I. anthropocentric instrumental values ("good" as means for humans), 
2. bio-related instrumental values ("good" for non-humans), 
3. eudaimonistic intrinsic value ("good" as ends for humans), and 
4. inherent moral value respectively "moral standing" ("end in itselt"). 

In the field of environmental ethics, the first category is closely related to 
the notion of a natural resource. Bio-related instrumental values are values 
which are functional "good" for some non-human beings. The category of 
eudaimonistic intrinsic value often has been confused with the category of 
inherent moral value. There are two different meanings of "intrinsic" "eu­
daimonistic intrinsic value" and "inherent moral value". Obviously, 
something can have eudaimonistic intrinsic value without having inherent 
moral value. The former category applies if human beings value some thing 
or some activity as being good for them "as such". The classical examples of 
such activities have been friendship, play, enjoyable activities or the experi­
ence of pieces of art. This category is related to the idea of an undiminished 
"good human life". Eudaimonistic intrinsic values often are related to more 
refined human interests, appreciations and desires. Aesthetic, recreational, 
scientific, transformative and spiritual values belong to this category. Ham­
picke (2000a) and Krebs (1999) argue that these values have been severely 
underestimated. All persons who value unspoiled nature and natural envi­
ronments are treated recklessly by the destruction of more naturallandscapes 
(Figure 7.1-1). This kind of recklessness matters morally. The category of 
inherent moral worth will be debated on the next page. 

Types of values should be seen as a next step in order to operationalize 
the categories of values. The types which are crucial for the valuation of 
landscapes are the following (Kellert 1997, Krebs 1999, Roiston 1988): 
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- Life Support Values, 
- Option Values or Insurance Values, 

Social Amenity Values, 
Aesthetic Values, 
Recreational Values, 
Scientific Values, 
Historical Values or Bequest Values, 

- Transformative Values, and 
Religious and Spiritual Values . 
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To comment on aIl these types ofvalues would result in a comprehensive 
axiology of nature which is clearly beyond the scope of this chapter. As it 
shaIl be shown in Chapter 7.1.3, different perspectives in landscape ecology 
are rooted in and centered on certain categories and types 01' values. 

Figure 7.1-1: It is a basic question ofethics: Are there intrinsic and inherent va lues in (natu­
ral) landscapes? - High mountains scenery in the Retezat Mountains (Romania) (Photo: 0. 
Bastian 1982) 

Moving from axiology to deontology one has to argue what kind of fea­
tures of landscapes should be protected for which axiological or moral rea­
sons. It will be assumed here that obligations to future generations in regard 
to natural environments should be respected moraIly. This gives the concept 
of a fair intergenerational bequest package. The content of such bequest 
package will be discussed in Chapter 7.1.4. 

The ethical debate about the category of inherent moral value belongs 
to deontology. It is asked which beings are to be regarded as "ends in them­
selves" and, thus, are considered for their own sake. This question might be 
called the "incIusion"- or "demarcation"-problem of the moral community. 
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The ans wer one gives directly implies a certain position in environmental 
ethics (anthropocentrism, patho-, bio-, ecocentrism, or holism). The different 
positions about the scope of beings which "own" moral value or "have" 
moral standing have paramount impact to conflicts in landscape planning 
because inherent moral values normally can't be negotiated. Any grading of 
inherent moral value bears the burden of proof. 

The justifications which are given in regard of inherent moral value must 
entail assumptions about moral relevant features or capabilities. One has to 
argue why some feature should be regarded as amorally relevant feature 
(rationality, interests, sentience, being alive, existence, naturalness, and 
complexity). Arguments must be made according to well-established logical 
and meta-ethical standards of reasoning: without committing the naturalistic 
fallacy, without a petitio principii, without purely arbitrary assumptions and 
not by definition only. One should not expect that such arguments will be a 
definite proof. But there are degrees of plausibility. 

With some caveats, a mainstream-position in environmental ethics is 
pathocentrism ("sentientism"). Sentientism can successfully avoid to com­
mit the naturalistic fallacy since pleasure and pain are notjust matters offact 
"out there in the world" but are perceived and feit "from inside". Sentience 
matters morally since it conceptually implies a perspective onto the world. 
According to this solution of the demarcation-problem humans have direct 
obligation to sentient creatures only. Biocentrism takes one step further. 
Taylor (1986) argues that one should take the attitude of moral respect to all 
living beings since, first, living beings are striving in "telos"-oriented ways 
and, second, one should adopt a "biocentric outlook on nature" in an ideal 
situation of choice between competing world-views.3 Attfield (1999) argues 
in favor of biocentrism that beneficence is central to morality and that all 
entities wh ich have a good of their own are capable of being benefited. Such 
arguments are appealing to the widely shared intuition that life is "something 
special" which should not be destroyed without reason. But these arguments 
have to face severe criticism. Krebs (2000) argues that teleonomical struc­
tures have to be seen as machine-like behavior which has no moral signifi­
cance at all. Wetlesen (1999) recently has argued for a more modest version 
of biocentrism. A biocentric attitude towards life (Schweitzer: reverence for 
life) can and should be part of one's individual moral (and not just eudai-

3 But the argument Taylor gives for adopting this biocentric outlook on nature is confused by 
circularity since one decisive condition of choice ("reality awareness") has been already 
defined in terms of the "biocentric outlook on nature" itself. Taylor could reply that his 
circle is big enough to be regarded as being a "circulus fructuosus". I will not enter into 
debates about types of circularity here but assume that Taylors "world-view"-argument is 
circular in a vicious way. If so, it remains unclear why teleological (or, better: 
"teleonomic") behaviour deserves our moral respect. 
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monistic) identity but it is not strictly obligatory for everybody to adopt this 
attitude (Wetlesen 1999). In a modest interpretation: "gradual moral respect 
for sentient beings" as obligatory and "reverence for life" as part of one's 
own moral identity, a combination of sentientism and biocentrism might be 
defendable ethically. 

Ecocentrism gives moral standing to biotic communities, ecosystemic 
wholes, or, in Aldo Leopolds terminology, to "the land" as such (Leopold 
1949). It remains highly questionable of whether ecocentrism will provide a 
sound ethical basis for conservation biology or landscape ecology, as Calli­
cott (1997) has argued. Ecocentrism has attracted many conservationists be­
cause of its stringent consequences, especially in regard 01' the preservation 
of wilderness. At the surface, alandscape ethics and a "land ethics" seem to 
be natural allies. But, ethically, it remains unclear which features of ecosys­
tems deserve moral respect (and not just our aesthetic appreciation). There is 
not intrinsic moral value to be seen in evolutionary or ecosystemic processes 
and functions. Ecosystems have no interests at all. They can not be victim­
ized. According to author's judgment no sound justification for ecocentrism 
has been given. If one rejects ecocentrism one might accept obligations in 
regard to ecosystems because of the values and services they provide to 
humans.4 If one accepts obligations to sentient wildlife one has also to ac ce pt 
obligations in regard to their natural habitats. Varner (1998) has drawn an 
important distinction between practical and ethical holism. On might support 
practical holism in landscape ecology while rejecting ethical holism and 
ecocentrism. 

Thus, there is a well-established axiology of environmental values which 
is preference-based, robust and richly textured. The deontological combina­
tion of a) respect for intrinsic eudaimonistic values, b) moral obligations to 
future generations and c) sentientism will provide a sound rationale for con­
servation, preservation, and even restoration of landscapes. This provisional 
result of the ethical debate can be presupposed for investigation in landscape 
evaluation. From sentientism it follows clearly that landscapes always have 
to be perceived as habitat for wildlife and not only as visual sceneries. 

7.1.3 Ethical aspects of different disciplinary perspectives 

Several distinct definitions of what alandscape "(really) is" can be found 
in the literature which encompasses a broad range of meanings from "per-

4 Generally, one should distinguish between obligations "to x" ("gegenüber") and obligation 
"in regard to x" ("in Ansehung von"). The latter are direct obligations, while the former are 
indirect ones. We have direct obligations to members of the "moral community" only. To 
other parts ofthe natural environmental there might be obligations "in regard to". Indirect 
obligations presuppose direct ones. 
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ceived picture" to "geographical space" and "ecosystem" (Bastian and 
Schreiber 1994, Leser 1991 b). The tensions between ecological, historical 
and aesthetic approaches have their starting point in competing definitions. 
A distinction should be made between ontological ("realistic"), historical 
("idealistic") and cognitive ("constructivist") definitions. In aesthetics, a 
landscape will be constituted ("construed") by the aesthetic attitude of the 
experiencing subject. From an aesthetic approach is might be conceded that 
nature is "out there" but it will be insisted upon that alandscape is no real 
entity but an aesthetic category. In ecology, the ontological notion of land­
scape is often used as a larger scale of ecosystem analysis. As such, it is a 
scientific and value-free concept. Only in combination with so me conserva­
tive assumptions ab out environmental risks, guidelines for wise use can be 
derived (see Chapter 7.1.5). 

Despite national contrasts, the historical European definition of landscape 
is closely associated with the notion of visually pleasing ("Edenic" or "Arca­
dian") countryside (Figure 7.1-2). Landscapes are some "middle ground" of 
rural (agrarian or pastoral) enterprise which are located in between the wild 
and the urban (Porteous 1996). In landscapes, nature and culture blend. The 
well-known cuItural ideal of landscape is connected with some eudaimonis­
tic vision of sustained livelihood ("harmony") between man and nature. 
There is overwhelming evidence that we have moved far away from this 
ideal. It is quite fair to argue that landscapes often have been perceived as 
mere space for economic activities and not as genuine "places". Thus, a di­
vergence has occurred between cuItural ideals and hegemonic economic 
practices. 

Figure 7.1-2: Despite national contrasts. the historical European definition of landscape is 
closely associated with the notion ofvisually pleasing countryside: Saupsdorfvillage (Saxon 
Switzerland low mountains, Germany) (Photo: 0. Bastian 1978) 
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Since the notion of landscape is contested and complex several attempts 
have been made to distinguish perspectives and approaches. Eight different 
perspectives are to be distinguished. The ecological, historieal, and aesthetic 
perspectives are "backbones" of landscape evaluation but they are to be 
augmented by other perspectives. 

From a first-person-perspective, landscapes are parts of an overall hu­
man environment. The human environment is to be defined as being a field 
of significance ("meaning") (Cooper 1992, Dower 1993). Single artificial or 
natural components of such fields of significance and the interplay between 
components and the "whoie" can be valued in many different ways accord­
ing to the axiology which has been outlined in the previous section. Articu­
lated landscape evaluations can be traced back to deeply rooted cultural con­
ventions which are part of different cultural life worlds. Cultural anthropolo­
gists explore such life worlds. It would be a misleading ideal trying to be­
come completely free from the conventions of one's own culture. One should 
better try to explicate and e1arify them. This clarification would be a re­
quirement for intercultural dialogue about the environment. 

From an evolutionary perspective, a "habitat"-theory of landscape 
evaluation has been proposed by Appleton (1996). Aesthetic satisfaction is 
regarded as spontaneous reaction to landscape as habitat. The approach is 
e10se to biophilia-hypothesis (Kellert 1997, Wilson 1984). Psychological 
evidences for deeply rooted preferences for savannah-type-Iandscapes pro­
vide some empirical and theoretical support to evolutionary approaches. This 
evolutionary perspective has to explain the fact that modern humans are ex­
periencing landscapes aesthetically which - as deserts, tropical forests, high 
mountains, mires, snow regions and the like - are not weil suited for human 
habitation. Such explanation seems possible. As Immanuel Kant noted in the 
"Kritik der Urteilskraft" the aesthetic perspective presupposes some ac­
ceptable degree of security. If this degree of security can be guaranteed the 
more aesthetic attitude towards landscapes may evolve culturally far beyond 
savannah-type-Iandscapes. 

From the perspective of cultural anthropology and history, certain re­
gions are enduring habitats of certain human populations. As such, they are 
both constraints and enabling conditions for culture. As it was recognized in 
the "e1imate theory" since Montesquieu which had been adopted in Germany 
by J. Möser, G. Herder, and E.M. Arndt, cultures and natural environments 
are shaping and modifying each other mutually. Certain landscapes are re­
sults of such mutual shaping. Details of this shaping can not be deduced by 
universal laws but must be told in narratives. Thus, stories must be told if the 
history of alandscape is to be understood properly. But without any axio­
logical or normative premises the history of alandscape consists of matters 
of facts only. The values of the people under investigation shall not be con-
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fused with normative claims of contemporary persons including historians. 
There are several options to introduce values into the historical perspective. 

One may presuppose the Western ideal of alandscape and confront it 
with reality. Another option is being given by the notion of age. "Age" as 
such is no moral value but it belongs to the type of historical values. Same 
old entities in the world are of value for many people just because they have 
survived the processes of ongoing modernization (see Chapter 7.8). Land­
scapes and certain landmarks are giving visual evidence that "something re­
mains". This argument will result in a "nostalgic" or "monumental" justifica­
ti on for landscape protection as it has been given in the German tradition 
(Ott et al. 1999). Today this justification is conceptualized as bequest-value­
argument. In our civilization of increasing mobility, economic globalization, 
intellectual cosmopolitism, technological innovations and virtualization 
("cyber space") it seems reasonable to put some bequest value on traditional 
landscapes. Landscapes are to be perceived as being heritages which should 
be bequeathed towards our descendants. This "ethic-cultural" approach 
would imply that humans should take the role of cautious stewards of the 
natural environments they inhabit. This stewardship-approach will be sup­
ported by Christian environmentalists since it is the most reasonable inter­
pretation of the Biblical prescription to "subdue" nature (Genesis 1, 26) 
which in its original meaning is not "dominionistic" at all. Such nation of 
culture also would mean that humans should enrich their natural environ­
ment, make it more suitable and beautiful. This argument directly leads to 
the overall concept of sustainability (see Chapter 7.1.5). 

In the romantic tradition, the not ion of individuality ("organic whole") 
was extended and applied to landscapes at the beginning of the 19th century. 
This extension was relevant for the constitution of landscape ecology. A. v. 
Humboldt (1836) defined alandscape or region by its "total individual char­
acter" (see Chapter 1.1). A whole language game rests on this extension 
since landscapes now can be perceived as having a "character" or an "integ­
rity" which can be distorted, hurt, wounded and even destroyed. If one ar­
gues that alandscape should "keep its face" or should be restored to its for­
mer identity one argues from the inside of the "idio-logical" (individual­
centered) paradigm of thinking. If humans act on the environment they are 
not just using resources instrumentally but they are treating a historical indi­
vidual. Like individuals, landscape can be treated badly and, therefore, be 
wronged. What kind of speech acts will count as arguments in landscape 
valuation wiII depend on Humboldt's extension? Under some idiological pre­
supposition it becomes more reasonable to think of landscapes as entities 
wh ich should be protected and kept intact "for their own sake". Historical 
individuals are not just of instrumental value but must be valued intrinsi­
cally. Since they have individuality in a strong sense, they might even have 
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some inherent worth. Philosophically, it remains unclear of whether land­
scapes can be perceived as historical individuals in a strong sense. The dif­
ferences between individual persons and systemic natural wholes seem to 
outweigh some superficial similarities and analogies. 

It has been recognized by many contributions in environmental ethics 
that aesthetic arguments provide a rationale for the preservation of land­
scapes. An eco-centric critique of aesthetic arguments as "instrumentalism" 
can not stand detailed investigation (Cooper 1998). From an aesthetic per­
spective, landscapes are spaces of perceptions of natural and cuItural beauty 
(see Chapter 5.5) . The aesthetic attitude is constitutive of the phenomenon 
of alandscape. There is no landscape without aesthetic perception. This no­
tion of landscape is connected to the notion of beautiful scenery. Many histo­
rians have argued that the aesthetic sense for natural beauty evolves parallel 
to the domination of nature. The more persons get aware of the growing dif­
ference between nature and civilization, the more they are enabled to per­
ceive more naturallandscapes aesthetically. 

According to J. Ritter alandscape is nature which is aesthetically per­
ceived (Ritter 1963). This definition implies that landscapes only come into 
"existence" if humans encounter nature without any practical purposes. The 
only purposes at stake are to enjoy nature as landscape and to be as oneself 
("freely") in nature. To Ritter, the aesthetic point of view is also areminder 
for the ancient metaphysical "theoria" of the "kosmos". Ritter combines this 
approach to landscape with a Hegelian account to modem industrial society 
wh ich alienates individuals from traditions. The aesthetic experience of 
landscape is also a compensatory substitute for a lost "ethos". Ritter's ap­
proach is still inspiring but it has severe shortcomings (Groh and Groh 1991, 
Ott 1998, Seel 1991). 

Different modes of aesthetic experiences have been analyzed by Seel 
(1991). They can be of a kind of contemplation of natural entities, or a corre­
spondence with life prospects, or imagination in close relationship with 
works of art. To Seel, the not ion of landscape is intrinsically related to an 
uncoerced interplay of these three different modes of aesthetic experience of 
nature. The aesthetic notion of landscape is intrinsically connected with the 
eudaimonistic idea of a good and flourishing human life. This opens a direct 
route into morals. See I argues that there are moral obligations to protect 
more naturallandscapes in order to protect opportunities for aesthetic ex­
periences which are of paramount importance for a good human life. Seel's 
argument is convincing but it doesn't have strong implications for the preser­
vation of species and ecosystem components. 

The cultural relativity of aesthetic landscape evaluation has been ex­
plored since Riehl (1850). From the beginning of preservation it had been 
contested of whether and how aesthetic concems could be incorporated into 
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law (Heyer 1912). Since it has been required by law in many states that land­
scape sceneries should be protected several concepts and schemes have been 
developed to make aesthetic perceptions of landscapes more "objective". 
Criteria for the assessment of the visual character of lands cape elements are 
to be found in Krause (1996), Nohl (1998) and in Chapter 5.5. Humboldt's 
extension is implicitly presupposed here since it is assumed that "the full 
effect of disturbances to the visual landscape can only be determined after 
taking into consideration the total character of the landscape" (Krause 1996). 
Most philosophers will be skeptical of whether the "wit" of aesthetic experi­
ences can be grasped by such "objective" methods. If aesthetic experiences 
are related to an uncoerced interplay between rationality, cultural standards 
and imagination, this performative interplay will not be cached by such 
methods. At the moment, such concepts are hybrids between visual sche­
mata, theories of environmental psychology, geoecological data and 
idiological background-assumptions. 

In economics, some approach es have been presented to evaluate land­
scape change (Santos 1998). To economics, landscapes are common goods. 
From an economic point of view any preference inc1uding the preference for 
the protection of common goods must be confirmed by some willingness to 
pay (Hampicke 2000b). Economists will use the methods of contingent 
valuation and of travel cost analysis to measure the explicit or the revealed 
preferences for certain landscapes and the willingness to pay for their pres­
ervation or restoration. These techniques only register factual preferences 
independently of whether these preferences are ecologically well-informed 
or not. Thus, the ecosystem services might be underestimated and adjust­
ments must be made. Future preferences can not be registered by these 
methods. These caveats kept in mind, "contingent-valuation"-studies provide 
useful insights. The contemporary existing level of the protection of nature 
is, on the average, less than such studies indicate as demand. 

The preference-based approach in economics will be rejected as superfi­
cial by a presumptive "deeper" psychological perspective which often will 
be relied on C. G. Jungs doctrine of archetypes. Archetypes of the human 
mind (better: spirit, soul) are rooted in landscapes and, on the reverse, land­
scapes are mirrors of the human spirit. The argument runs as folIows: It is 
assumed that these symbolic connections are more alive in traditional cul­
tures and that members of traditional cultures are more akin to them. At a 
profound level the interrelationship between humans and landscapes should 
be seen as a symbolic and spiritual encounter which has been distorted and 
denied in our modern culture. But the logic of symbols and myths is ines­
capable (Figures 7.1-3 and 7.1-4). Because we are ignorant about this logic 
our destructive energies (Freud, Marcuse) take command of our behavior 
towards nature. Thus, we should take symbolic "Gestalt"-experiences as a 
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genuine mode of how to encounter landscapes. If the argument is sound, the 
historic and aesthetic perspectives should be augmented by a deeper psycho­
logical and spiritual one. 

From the perspective of a scientific ecological observer, landscapes are 
complex and "netted" hybrid unities of natural and cultural environments. 
They are based on geological formations, shaped by climatic factors, filled 
with biotic communities and, mostly, modified by human action. From this 
perspective, modifications of landscapes can be described, explained, and 
assessed. This can be, in principle, a value-free enterprise which describes 
"what's going on". Connectivity is a basic ontological assumption and, thus, 
an epistemic, not a normative principle. Thus, the gap between facts and val­
ues must be bridged in ecology. For this purpose, normative criteria have to 
be introduced (diversity, rarity, naturalness, representativity, species rich­
ness, and the like) and have to be weighed. The axiological significance of 
these criteria often is weighed according to the general targets of conserva­
tion biology (protection of species and types of biotic communities or eco­
systems). Both the criteria and their weighing must be justified ethically. 
Doing so, one notices both convergences and divergences among conserva­
tionists. One might also use the concept of the ecological potential of land­
scapes (see Chapter 5.2) for normative orientation (Succow 2000). 

Figure 7.1-3: Mt. Fuji has an extraordinary high ideal value for the Japanese people (Photo: 
0. Bastian 1993) 

If these criteria of conservation biology are operationalized one can put 
so me numbers on concrete landscape elements and, thus, also quantify com­
pensation wh ich must be made according to impact mitigation regulation. 
This operationalization approach has been designed to highly sophisticated 
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concepts (Plachter 1994). These concepts are to be accompanied by some 
caveats in regard of the production of numbers. A reasonable discursive jus­
tification can not be replaced by quantifying. 

These different perspectives are like lenses according to which land­
scapes are perceived, valued and judged. They are not layers of an hierarchy. 
They must be distinguished analytically but they will be combined in several 
ways. The historical, the aesthetic and the idiological perspective have been 
combined from the beginning of the preservation movement in the 19th cen­
tury (Rudorff 1880). It is of paramount importance for landscape planning to 
relate different perspectives to each other and explicate the normative as­
sumptions which are embedded in such perspectives. These perspectives can 
not be reduced to each other (Eaton 1997). There is no all-inclusive or 
"overwhelming" perspective. A true synthesis of these perspectives seems 
impossible since it would be a God's eyes view upon landscapes. However 
these relationships might be determined in detailed investigation, the plural­
ity of perspectives has not to be accepted "nilly willy" but it should be pos i­
tively affirmed since it provides opportunities for mutual learning and since 
it opens aspace of debate and judgment formation. 

Figure 7.1-4: There are places and objects in many landscapes having mythological impor­
tance in peoples every day life like this rock in northwestern Mongolia (Photo: 0. Bastian 

1997) 

The tensions between these perspectives have to be met in landscape 
planning practically (see Chapter 7.3). There are no moral reasons to treat 
all perspectives equally in each case. As it has been claimed in some articles 
(Carlson 1979, Eaton 1997, Finke 1986, Nassauer 1997) the ecological per­
spective should be a superior one. It should inform and govern other per-
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spectives. This means saying that different perspectives are: complementary 
but should not be of equal significance for landscape planning. This pri­
macy-of-ecology-claim can be supported by arguments wh ich indicate weak 
points of other perspectives. The first-person-perspective is biased by con­
ventions. The evolutionary perspective will be ignorant about ecological 
processes at both minor and major scales. The economic perspective is pref­
erence-oriented and, thus, might be blind to ecological services and moral 
obligations . The idiological perspective rests on a questionable extension. 
The psychological perspective remains, at least in part, speculative and, re­
gretfully, often affirms highly metaphysical assumptions ("genius loci") and 
pseudo-sciences. The aesthetic perspective might be blind to ecological pro­
ces ses which can not be perceived directly. Some non-perceivable facts are 
crucial in landscape ecology (Eaton 1997). Moreover, there might be biases 
in the aesthetic lenses wh ich result from too close a contact to works of art. 
Aesthetic ideals of the past should not dominate contemporary landscape 
evaluation. 

It has been argued that scientific knowledge should inform aesthetic per­
ception of nature. Originally, the argument was made by Alexander von 
Humboldt against Edmund Burke. One can, of course, appreciate a songbird 
or a flower aesthetically without knowing their species-name, their taxo­
nomic relationships and their evolutionary history. Humboldt conceded this 
trivial point to Burke. But this point is not at the core of the argument. At 
this core there is the presumption that one, in general, will appreciate nature 
deeper the more one knows about it. This spiral-Iike relationship can not be 
reversed. Thus, one can subscribe to the point of view that on the level of 
landscape planning, there should be some primacy of ecology over aesthet­
ics. If this primacy is restricted to landscape planning there is no danger that 
the autonomy of aesthetic perception might be restricted on the level of its 
very performance itself. This primacy of ecology over aesthetics can not be 
reversed since it is less obvious that aesthetic landscape planning would en­
compass ecological objectives. "We should construct a kind of cultural ne­
cessity to underpin ecological health across the landscape, as ifthere were no 
other choice" (Nassauer 1997). 

7.1.4 Landscape assessment and the concept of sustainability 

The notion of sustainability (see Chapters 7.3.1 and 7.9.2) has to be re­
garded as an ethical idea which is founded in moral obligations towards fu­
ture generations. The underlying idea of intergenerational equity is debated 
in ethics. This idea might be explicated in terms of "future needs", "entitIe­
ments" , "an undiminished stock ofresources", "non-declining utility", "equal 
opportunities to access", and the like. Most ethicists would agree to a defini-
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tion which emphasizes the moral right of an average future person to find 
opportunities to realize hislher concept of a good Iife wh ich, on the average, 
should not be worse than the opportunities for contemporary persons. This 
definition combines a deontological right-based-morality which has been 
enlarged intergenerationally with a broadly defined teleological objective 
and some modest assumptions about a "good human life". Sustainable de­
velopment is development which tries to reach a sustainable state or, if such 
astate has already been reached, tries to maintain it. This definition of sus­
tainable development avoids the confusion which is due to the murky notion 
of development. 

Having committed to this ethical idea a decisive choice between general 
concepts has to be made. At its very core, the crucial conceptual controversy 
between weak sustainability (WS) and strong sustainability (StS) is about 
the structure of a fair intergenerational bequest package and, thus, about 
range and limits of substitutability. WS argues in favor of an unstructured 
bequest package which must be maintained on the aggregate only. Natural 
and artificial capitals are seen as close (or even perfect) substitutes. WS as­
sumes that natural capital can be substituted adequately by artificial kinds of 
capital. The depreciation and degradation of natural capital is permissible if 
artificial capital will be built at the same rate. Therefore, naturallandscapes 
can be modified if the overall stock of capital does not decline. To WS, the 
loss of the countryside is not too big a tragedy if the countryside can be sub­
stituted by virtual reality. Elements and components of landscape might be 
traded off. 

StS, as proposed in the work of Daly (1996), assumes that the human 
sphere is embedded in a natural system whose laws must be accepted as con­
straints. The range of substitutability between types of capital is Iimited. The 
burden of proof falls on the supporters of substitution. The relationship be­
tween natural and artificial capital has to be seen as complementary (in a 
broad sense). StS argues in support of a constant natural capital rule. It em­
phasizes the diagnosis that natural capital has become scarce and, probably, 
will become the limiting factor for economic production. 

The policy suggestions of both concepts differ. Among other suggestions, 
StS proposes that developed societies should invest in natural capital. To 
StS, investing in natural capital is essentially an infrastructure investment on 
different scales. While WS allows that natural capital might decrease if arti­
ficial capital will be built up StS suggests that society should invest in natu­
ral capital. This is a difference that clearly makes a difference also for land­
scape evaluation. 

Some arguments have been presented in order to make a reasonable 
choice between both concepts. To critics, WS rests on the substitutability­
premise which is rather strong from an epistemological point of view. One 
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argument against WS runs as folIows: If substitutability has to be seen as an 
hypothesis, and if many ecological systems provide several kinds of func­
tions, amenities and services adequate substitutes must be found for every 
single function. To say the least, it is highly uncertain of whether such sub­
stitutes can be found . If responsible decision-makers should better err on the 
side of caution in matters of paramount importance to future generations, 
societies should adopt a constant natural capital rule as yardstick and guide­
line for decision-making. The multifactoral nature of ecological systems, the 
uncertainties ab out substitutes, and caution in regard of possible irreversible 
damage allows for a judgement in favor of StS. This argument is accepted as 
being sound by a growing majority of scholars who work in the theoretical 
dimension of the sustainability-debate. If the argument is accepted a free­
standing rationale for adopting SS has been given. 

The not ion of natural capital which is at the heart of the SS-conception 
comprehends resources as freshwater, soil, forests , fisheries, ozone layer, 
climate system, biodiversity, ecosystem services and functions, genetic ma­
terial, and units of cultural significance. Landscapes are regarded as being 
"units of significance" (Holland 1994) and, as such, are components of the 
contested category called "natural capital". It seems intuitively worth to pro­
tect the beauty of naturallandscapes, the different ecological ftmctions and 
services it provides, traditional patterns of land use, diversity and species 
richness, its "representativity" which makes alandscape a good token of a 
valuable type of ecosystem. 

7.1.5 Cultural debates: How to take responsible care 01' landscapes? 

Discourse-oriented ethical theory ("discourse-ethics") claims that the no­
tion of the validity of any norms of action is intrinsically related to the idea 
of an uncoerced agreement in an ideal speech situation (Habermas 1983). 
The very core of discourse-ethics comprehends the derivation of a moral 
principle from presuppositions of practical argumentation seen in conjunc­
tion with some other premises and with a certain understanding of what ar­
guing really means (Gottschalk-Mazouz 2000, Ott 1998). It is assumed by 
discourse-ethics that the contemporary moral challenges shall be addressed 
by means of discourse. Under modem conditions argumentation is the best 
response-strategy available. This will be true for landscape evaluation also. 
Landscape planning should be part of environmental democracy. 

The relationship between the core and applications of discourse ethics is 
to be construed as a muIti-tiered approach which conceptualizes discursive 
and participatory arrangements for public and democratic judgment­
formation. Discourse-ethics assurnes that all persons have, among other 
types of rights, rights to participate in public debates about moral, legal and, 
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genuine political affairs (Haberrnas 1992). Perforrning these rights means, 
ideally, to take the role of a citizen which has to be distinguished from the 
consumer perspective. While the consumer tries to maximize his/her per­
sonal welfare a citizens takes interest in a solution which is "good for all be­
ing concerned". 

The general relationship between the ethical idea of a moral discourse 
and real discourse-oriented and participatory arrangements is both specifica­
tion (in the "ideal-to-reality-direction") and approximation (in the "reality­
to-ideal-direction lf

) . Moral judgments must fulfill the requirement of being 
universalizable. This requirement does not hold for axiological and aesthetic 
judgments. Since landscape evaluation is more ab out cultural values, it lacks 
the stringency of a moral validity claim. Debates about landscapes share 
more features with aesthetic debates or with debates about architecture or 
design than with moraiones. Früchtl (2000) has argued that aesthetic dis­
courses are crucial for the reproduction of culture and for the innovation of 
axiological conventions since they allow for an unconstrained interplay of 
different types of arguments. 

Discursive approaches rest on the assumption that the protection of land­
scapes and the realization of ecological constraints will not successfully be 
reached without they people being involved. Participation could, if success­
fully perforrned, provide people with a new sense of valuing nature and 
landscapes. It could also make people sensitive of their environments as 
"heritage", "hornes" and of threats to its preservation. Participatory ap­
proaches (see Chapter 7.12) will have to take serious the first-person­
perspective despite of their shortcomings and conventional biases. This par­
ticipatory approach has been widely adopted in the European Landscape 
Convention wh ich has been signed in 2000. 

But the normative yardsticks (obligations to future generations, obliga­
tions to sentient wildlife, primacy of the ecological perspective, strong sus­
tainability) should not be denied or refuted by such participatory approaches. 
These normative yardsticks have been justified on higher layers on ethical 
debate. If we put these yardsticks into conjunction we can justify overall ob­
jectives and targets of landscape ecology and specify them according to dif­
ferent regions of the world by means of participatory discourse. 

Some recommendations may be helpful for further debate. Since there is 
hardly any wilderness left in central parts of Europe specific traditional 
European landscapes ("Kulturlandschaften") should be preserved as heritage 
and, if possible, should be restored. The development of wilderness areas 
can be justified in regard to aesthetic, biophilic, transformative, scientific 
and spiritual values. The total human-dominated landscape ecosystem of 
Western and Central Europe should be transforrned towards more ecological 
resilience. This is true also for the Mediterranean region which seems to be 
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highly vulnerable to climatic change. The larger unspoiled areas of Eastern 
and Northern Europe should be more strictly protected. The forthcoming 
enlargement of the European Union should be accompanied by strategies 
and incentives for such protection in parts of Eastem Europe. Such land­
scape protection and restoration should become part of Europe's cultural 
identity. The concepts of "intelligent and precautionary tending" (Nassauer 
1997) or "adaptive management" are next steps of operationalization. "We 
should use the pleasure of aesthetic experience and the social significance of 
care to built new aesthetic expectations that intrinsically rest upon ecological 
health" (Nassauer 1997). This should be seen as an ethically sound pro­
grammatic principle in landscape ecology. 

7.2 "Leitbilder" for landscape development 

7.2.1 Terminology 

For nature conservation and landscape planning, target systems are nec­
essary which identify the essential ecological and aesthetic objectives for a 
given territory (reference unit) within a reasonable short time-scale. They 
may be visualized as a picture (in German "Leitbild") and are an expression 
of an integrated view of nature conservation and landscape development. 
Such leitbilder are seen as providing a solution in cases where different al­
ternatives are possible. There is, however, an ambiguous and somewhat con­
fusing terminology in the field of environmental targets, but also concerning 
their application for practical purposes. Usual terms are, for example, goals, 
targets, principles, guidelines, visions, conceptual ideas, mission statements, 
objectives, and standards. General environmental principles (guidelines) can 
be further differentiated by so-called "objectives and standards of environ­
mental quality". The "objectives" represent certain qualities of natural re­
sources, their potentials and functions, which should be maintained or devel­
oped. There are thresholds and targets contained in legislation, recom­
mended and proposed levels based on scientific understanding, and, more­
over, levels wh ich are still under discussion by scientists. The objectives are 
specified by "standards", i.e. they are transformed into measurable indica­
tions and values (Bastian 1998b, Table 7.2-1). 

Environmental quality objectives should meet the following quality cri­
teria (Gustedt et al. 1989, von Haaren 1999): 

scientific foundation: from an ecological, economic, technological and 
social point ofview, 

- transparent derivation and comprehensibility, 
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orientated towards potentials, ecological carrying capacity and risks, 
clear definition and measurability of parameters and indicators, 
use of qualitative as weIl as quantitative parameters, 
no deterioration of the ecological situation, 
consideration of scale: global, national, regional, local, 
differentiation according to priorities and periods, 
consideration of changing environmental goals, and 
effortlessly attainable control. 

Table 7.2-1: Definition and subdivision oftargets in environmental planning and nature con­

servation (after Jessel 1994, modified) 

term 
environmental tar­
gets/guidelines 

mission statements 
(Leitbilder) of land­
scape development 

objectives of environ­
mental quality 

standards of environ­
mental quality 

explanation 
general aims (higher princi­
pIes) of environmental pol­
icy, without spatial and fac­
tu al specification 
higher aims: integrative 
objectives of environmental 
quality in a special territory 

factually, spatially and tem­
porally defined qualities of 
resources, potentials and 
functions which shall be 
developed in defined situa­
tions 
specific measurable pa­
rameters of environmental 
quality (i.e. limits) 

7.2.2 Classification of ecological targets 

examples 
fundamental sections of envi­
ronmental laws 
targets in environmental pro­
grams 
regional habitat connection 
preservation of plants and 
animals being typical for the 
area 
renaturalization of salmon in 
the River Rhine by year 2000 
"Within the landscape x a 
certain plant species shall be 
naturalized" 

limits for noise and harmful 
chemicals 
classes of water quality 

There are no ecological targets in the province of science only, but they 
need the acceptance of society. The question "How much nature do we want 
to have?" - is always decided politicaIly. Natural sciences can give only ad­
vice on scientific optima which must be harmonized with the feasible ambi­
tions ofhuman society. 

The aim of ecological targets/Leitbilder is to 

demonstrate a possible spectrum of objectives (e.g. from a nature conser­
vati on point ofview), 
serve as a starting-point of decision-making, 
be a basis for assessment procedures and the surveillance ofthe effi­
ciency measures, and 
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increase acceptance and communication by c1arity. 

There are contradictory opinions and targets even among ecologists and 
nature conservationists. They vary between pipe-dreams, aims for single 
species or groups, and scientifically-based strategies and programs. Thus, in 
Central Europe the idealized pre-industrial "harmonious" cultural landscape 
is regarded highly (Figure 7.2-1). While striving for an optimal ecological 
situation, landscape functioning and high biodiversity, we must accept that 
the species diversity of past centuries was not the aim of human activities, 
but a spontaneous consequence of them. Besides a historical landscape state, 
other visions for alandscape, e.g. the maximization of aesthetical values, 
biodiversity, naturalness, the functioning of abiotic resources and potentials 
(soils, waters), land usability, are conceivable (Roweck 1995). The planning 
and management of future landscapes should take into consideration parts 
and principles of all these aspects. 

Figure 7.2-1: In Central Europe, the idealizedpreindustrial "harmonious" culturallandscape 
is regarded highly: Village in the Mala Fatra mountains (Slovak Republic) (Photo: 0. Bas­
tian 1985) 

7.2.3 Specification in space and time-scale 

An essential characteristic of environmental objectives is their spatial 
relevance. Apart from the consideration of goals which are valid independent 
of the particular territory, spatially-differentiated goals in relation to attrib­
utes and functions of a spatial unit need to be identified. That means nature 
conservation should be realized with a different intensity and with spatial 
activity centers in both rural areas and settlements. 
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By ignoring regional peculiarities and the stereotypical application of a 
few basic schemes, a uniform rurallandscape with a standardized biotope 
network would be favored. That is why spatial differentiation, and the use of 
spatial units dependent on scale and dimension, is so important. 

When applying "Leitbilder" to spatia) units, we need to consider the fol-
lowing fundamental points of view: 

Landscape visions are always related to certain spatial scopes. The spe­
cific spatial units are identified according to ecological points ofview. 
The spatial units should be structured hierarchically with regard to the 
different planning levels. 
Landscape visions can be developed for individuals as weil as for types 
of ecological (spatial) units. 
The smaller a reference unit, the more detailed the ecological goals must 
be defined. 

With regard to biodiversity, for example, there are objec­
tives/requirements wh ich are valid generally (Table 7.2-2) as weIl as such 
being specific for a special region (Table 7.2-3). 

Tabte 7.2-2: Qualitative and quantitative requirements to maintain biodiversity (species, 
communities and biotopes according to Heydemann 1981, Jedicke 1994, Riess 1986) 

requirements 
preservation of all valuable ecosystems 

protected areas 
- priority areas for nature conservation 
- biotope patterns in agrarian areas 
minimum size of nature reserves 
maximum distances between biotopes 
preservationlpromotion of 

biotope types (being typical for a special 
region) 
(endangered) species 

examples 
nature reserves, protected biotopes 
10-15% of a country's territory 
additional 7-11% 
5% 
It differs depending on biotope types 
e.g. ponds: so me 100m, woods: < 500m 

e.g. dry meadows, saltmarshes, heaths, 
moors 
e.g. orchids, gen ti ans, otters, cranes, caper­
caillies 

In order to draft appropriate (landscape) ecological objectives it is neces-
sary to consider 

the outcome of past natural and man-induced landscape change without 
necessarily adopting them, 
future effects of man's activities, 
single landscape factors Iike biodiversity (plants and animals) not in iso­
lation, but in the complexity of the natural and transformed environment 
including the various interactions of man and nature. 
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Table 7.2-3: Aspects 0/ targets /or the landscape development - part "conservation 0/ species 
and biotopes" on the example 0/ a small landscape unit:" Small-hill area 0/ Marsdorf' (16.3 
km') north o/Dresden (Saxony, Germany; /rom Bastian 1998b. Figure 7.2-2) 

general remarks 
protection of the rich-differentiated rurallandscape character (esp. the diversity of land­
scape elements and ecological sites 
conservation, management, enlargement and restoration ofvaluable biotopes, estab­
lishment ofbuffer zones 
extensification of land use within the whole area 
creation of alandscape protection area 

priority development of the following biotope types 
mixed oak forests on acid soils, oak-hornbeam forests, fen woods, oak dry woodlands 
dry bushes, sm all woodlots, sloe-hawthorn hedges 
small ponds 
moist and wet meadows, esp. the typical Senecioni aquatici - Bromerum racemosi 
meadow 
mesophilic grassland as large complexes for meadow-breeding birds 
dry meadows, stone walls, field margins 
fruit orchards, extensively used arable fields 

special requirement to land users 
agriculture 

protection of valuable biotopes from nutrient inputs, biocides, overgrowing with shrubs, 
afforestation 
restoration offresh-meadows being rich in flowering herbs 
promotion of endangered arable weeds by managing field margins without fertilizers 
and herbicides 
increasing diversity of land use forms and crops 
establishment of areas for spontaneous successions of natural ecosystems 

forestry 
- only extensive use offorests 
- promotion of light forest types and structured edges in sunny positions (for reptiles) 
hydrology 
- renaturation of running waters 
- removal ofunfavorable draining facilities 
settlement, industry, traffic 
- no extensive growth of settlements 
- no increase of isolation effects (barriers) by traffic routes 
recreation 

development of only such recreation forms which harmonize with nature 

With regard to time, two basic aspects need to be distinguished. First, the 
per iods within which the targets shaIl be attained. Thus, their realization may 
be possible, or necessary, on a short-term as weIl as on a long-term basis. 
With regard to biodiversity development and regeneration tim es of ecosys­
tems must be considered. And second, the period of validity of landscape 
visions is important. Generally, there is the following relation: the larger the 
spatial unit and the higher their hierarchical level, the Ion ger is the period of 
validity of these conceptions. They must be based on the latest scientific un-
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derstanding and up-to-date information about changes of landscape and soci­
ety (e.g. new disturbances, other priorities). That is why, from time to time 
they must be adapted to new situations 

Figure 7.2-2: The "Small-hill area 0/ Marsdorf' (Saxony. Germany): The proteetion 0/ the 
diverse rural character is a general target 0/ the landscape development in this region 
(Photo: 0. Bastian 1998) 

7.2.4 The elaboration oflandscape ecological goals - some examples 

To propose management targets, the approach of assessment of land­
scape functions/natural potentials (see Chapter 5.2) is very useful. The ex­
ample of several test areas in the Western Lusatian hilly region in Saxony 
(Bastian I 999b, 2000b, Bastian and Röder 1998) demonstrated this: in order 
to harmonize several targets and to propose measures for an optimal ecologi­
cal future development of the landscape, an appropriate working algorithm 
in the form of adecision tree (being similar to the ecological risk assess­
ment) was elaborated (Figure 7.2-4). Step by step, the following landscape 
functions were taken into consideration: habitat function, groundwater re­
charge, resistance to soil erosion, groundwater protection, biotic productivity 
(yield potential). 
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Figure 7.2-3: Decision tree for the ecological management (optimization of severallandscape 
f unctions; from Bastian and Räder 1998) 

This is the working procedure: at first, all nature reserves and va1uable 
biotopes as weil as other areas with high biotope values are mapped, in addi­
tional to sites with extreme pedological conditions (dry, moist, wet or poor 
soils), which could or should be developed into valuable biotopes. All these 
categories are to be ruled out from further consideration, because they are 
important especially for the proteetion of species and biotopes and specific 
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measurements are necessary. After that, groundwater recharge was consid­
ered, i.e. all areas with a high rate (more than 250mm/year), with the excep­
tion of settlements and valuable biotopes mentioned above. Inputs of harm­
fuf chemicafs (e.g. by intensive agriculture), surface sealing and afforestation 
shoufd be avoided there. In a next step, the threat by soil erosion is consid­
ered. Areas with high (and very high) potential for erosion and high (and 
very high) groundwater recharge should be used as grassland. In the case of 
medium soil erosion, extensive utilization as arable fields is possible (while 
avoiding impacts on groundwater), if measures against erosion are realized. 

Areas with high (and very high) erosion and very low to medium 
groundwater recharge should be afforested or used as grassland . With regard 
to groundwater protection, sensitive areas should not be impacted by harmful 
chemicals (e.g. biocides, fertilizers) and land use forms (industry, deposits). 
The remaining areas should be reserved for farming only - in the case of 
high biotic productivity - but a general reduction of impacts by agrochemi­
cals is necessary and external impacts fike emissions from traffic routes, old 
waste deposits, sewage irrigation should be excluded. 

DA 
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uC 
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Figure 7.2-4: Proposals for the ecological landscape management in apart of the test area 
Steina"(see Figure 1.2-2, A, B, till K: specijic measures of landscape management, see Fig­
ure 7. 2-3, from Bastian and Röder 1998) 

The presented approach deals ("only") with (landscape ecologically 
founded!) contributions for Leitbilder. It is a matter of ecological norms, 
minimal demands (constraints), limits of threats (impacts) and carrying ca­
pacity, which are to consider in order to enable a landscape-specific sustain­
able development. To achieve a consensus in the society, a broad discussion 
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is necessary (the discursive method of finding visions of landscape devel­
opment in the sense of Wiegleb 1997, see Chapters 7.1.5 and 7.12). 

Usually, Leitbilder are elaborated, however, for larger areas i.e. land­
scape regions (e.g. Finck et al. 1997, Gerhards 1997). For heterogeneous 
landscape units, and the work in a meso-scale (= on a chorological level), 
the following methodology (approach) was elaborated (Bastian 1999b, 
2000b, Figure 7.2-5): 

determination / spatial reference units 
characterization -- (microgeochores) 

I 
landscape functions / 

natural potentials 
biotic yield potential 
resistance to soil erosion 
runoff regulation 

assessment -- groundwater recharge interferences Ilandscap.e units with a high I 
groundwater protection capacIty to perform Its 
bioclimatic regulation I essential functions 
habitat function 
recreation potential 

I 
estimation -- I actual / potential I 

threats / risks 

l 
(monosectoral) goals 
for single landscape 

drajiing -- components / functions / 
potentials 

I 
establishment -- identity or contlicts of 

goals 

weighingup I 
integrated landscape-ecological 

elaboration --
concept of conservation and 

development 
far individuallandscape units 

classijication I 
(natural) landscape units with 
identical or similar landscape-

ecological problems / goals 

Figure 7.2-5: Algorithm for the elaboration of landscape ecological contributions for land­
scape visions ([rom Bastian 2000b) 

At first, the reference units (so-called microgeochores, see Chapters 2.2 
and 6.1) were delimitated, described and analyzed (data collection). Essen­
tial landscape functions/natural potentials were assessed. Special methods 
suitable for heterogeneous reference units were applied (see Chapter 5.2.3). 



334 Chapter 7 

The next step includes the analysis of present and potential ecological 
threats/conflicts/risks caused by several human activities (esp. agricuIture, 
forestry, industry, traffic, settlement). 

On the basis of the characteristics of individuallandscape units and the 
assessment of landscape functions, objectives for single landscape factors 
and functions are proposed (Table 7.2-4). Different extents of relevance or 
urgency of measures are marked. It is easily possible to specify the goals. 
Thus, within the complex "species and biotopes" (habitat function) target 
species and biotopes for individuallandscape units can be defined. It is plau­
sible that an optimization of a certain landscape function can favor or im­
pairs other functions. For example, the preservation of productive soils for 
agriculture can clash with the wish to increase forest areas. 

Table 7.2-4: Objectives for single landscape functions/factors in naturallandscape units of 

Western Lusatia (Saxony, Germany; [rom Bastian 2000b) 

landscape function/ 
natural potential 
biotic productivity 

resistance to soil ero­
sion 
water retention capacity 

groundwater recharge 

groundwater protection 

habitat function 

potential for recreation 

objectives 

protection of sites with high biotic productivity for agricul­
ture, but reduction of impacts caused by overintensification 
abandonment or adaptation of agriculture on sites with a soil 
erosion exceeding the tolerable soil loss 
restoration of running waters 
less surface sealing 
structural enrichment of arable fields (hedges, woodlots, re­
duced size offields, increased crop diversity) 
limitation of surface sealing 
no afforestation 
no impacts to areas with high rates of groundwater recharge 
by harmful chemicals 
exclusion ofthe input ofharmful chemicals to sensible areas 
no establishment ofwaste deposits and industrial areas 
establishment of nature reserves 
protection and development of valuable biotopes 
creation of buffer zones and stripes 
establishment of biotope networks 
reduction of impacts by fertilizers, biocides, air pollution 
preservation of scenery and landscape characteristics 
enrichment ofthe agrarian landscape by many and diverse 
landscape elements 
restoration of running waters 
reduction of air and water pollution 

The integration is the crucial step to make several, partly incongruent, 
objectives consistent with each other. Such interrelations can be identified 
and visualized using an ecological matrix (Figure 7.2-6). For example, land 
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abandonment is favorable for the control of soil erosion (s2,s3: +). Afforesta­
tion in sensitive areas (for groundwater protection) does not correspond with 
the goal of maintaining extensive land use in order to protect valuable 
meadow communities (w3,b2a: -). It is worth mentioning that in many cases 
interrelations in heterogeneous reference units (chorological dimension) are 
only of theoretical interest, since the phenomena are not always located on 
the same place within a reference unit. One example: there are conflicts be­
tween the demands to preserve productive soils for agriculture on the one 
hand, and the increase of numbers and sizes of valuable biotopes on the 
other hand. But in practice, appropriate sites for the development of valuable 
biotopes are mostly related to such places within alandscape unit where are 
less favorable conditions for the agriculture (poor, moist or dry soils, slopes, 
fragmented fields). 

soil water climatel species and biotopes sceneryl 
air recreation 

I!:oals sI s2 s3 wl w2 w3 w4 cl c2 c3 b1 b2a b2b b3a b3b ba4 ba5 b5 r 1 r2 r3 
sI "'" (-) - + - - - + + + - (-) - (- ) (-) - (-) (- ) - + 
s2 "'- + 0 + + + (- ) (- ) 0 + + + + + + -- + + + 0 
s3 + - + + - - + + -7 + + + ? -- - 0 + + 
w1 + + + 0 +7 + + + 0 (+) + + T + + (+) + 
w2 r-J + 0 0 0 + + + + + + + + + + 0 
w3 ,,+ - - + + - (+) + + 7 + +7 ? + + 
w4 k,-) (-) 0 + + + + + + + + (+) + 0 
cl 1'..+ + (- ) 0 0 0 (- ) 0 (I 0 + - + 
c2 N: - + (- ) 0 - 7 (I 0 + - + 

c3 't 0 0 + + + + + + + + 
b1 '-.Q + + + + + + (+) + + 

b2a k,I- + (+) + + + + + + 
b2b ",,+ + 7 + + 7 + + 

b3a ,+ + ~ + + + + 
b3b " +? + + (+) + + 
b4a '" + + + + + 
b4b "" + + + + 

b5 "- + + + 
r1 "- (+) + 
r2 

"'" 
(+) 

r3 .......... 

Figure 7.2-6: Ecological matrix: objectives for landscape factors and functions - congruen­
cies and conflicts (additional explanation in Bastian 1999c) 
• positive interrealations (corespondence), - negative interrelations (conflicts), 0 indifferent, 
? special check of single cases, / facts are mutually exclusive. 0 is validfar affarestation 

In consequence of a high diversity of landscape characteristics in a refer­
ence unit (with regard to landscape functions, threats, risks, goals, meas­
ures), a typification is necessary (Figure 7.2-7). F or example, within the ref­
erence units "type 1" the ensemble of all five goals (and related measures) 
are necessary: preservation of productive soils for the agriculture (S), meas-
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ures against soil erosion (E), improving runoff regulation ®, avoiding im­
pacts by wastes (H), maintenance of high groundwater recharge (W). In con­
trast to it, "type 10" demands only a better water retention capacity ®, and 
the protection against harmful substances (W). Naturally, the number of such 
types can be reduced with an increasing generalization of parameters and 
Vlee-versa. 

S: Preservation of productive soils for the agriculture 
E: Measures against erosion have priority 

R: Improvement of runoff regulation (water retention capacity) 

• II1II 
11 
11 
11 • 11 '"",,, 

11 ", 

~ 
~ 
~ 
11 
~ 
0 

H: Avoidance of inputs 01 harmlul substances I wastes --> esp. extensification 01 land use necessary 

1 : S/E/RJH/W 

2: S/E/RJH 

3: S/E/R/W 

4: S/E/R 

5: S/E/H 

6: E/RJH/W 

7: E/H/W 

8: E/RJH 

9: E/H 

10: R/H 

11 : E/R 

12: R/H/W 

13: H 

14:-

W: Maintenance 01 high rates 01 ground water recharge --> no large-scaled afforestation or surface sealing 

Figure 7.2-7. Landscape ecological contributions to the elaboration oftargets (Leitbilder) for 
landscapes in landscape units (microgeochores) of Western Lusatia (Saxony, Germany): 
comp/ex soil and water ([rom Bastian 2000b) 

The problem of optimizing and harmonizing different, even contradict­
ing, targets, can be solved also with mathematical methods (see Chapter 5.4). 

A quantification of targets for nature conservation was also attempted 
by Duhme et al. (1997) in a case study in Bavaria (Germany). Ecological 
land units and landscape structure units were defined and mapped to quantify 
the eonservation targets for the areas with predominantly agricultural land 
use. The units are relatively homogeneous in relation to the dominant land 
uses and their physiognomie features. Land use and struetural features were 
reeorded for eaeh unit including: 

- cover ofthe different erops (e.g. hop, eereals, eorn), 
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- cover of ecologically important sites, mapped in the Bavarian habitat 
survey, and 

- cover of further small scale habitat structures (e.g. grassy field verges, 
small wastelands). 
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Spatial indices were then used to evaluate wildlife habitat potential of the 
different structure units (e.g. hedgerow density per ha agricultural land). In 
matching the structure units with topography, the average slope for each 
structure unit could be calculated (TIN-Cascading). The "Universal Soil 
Loss Equation" (USLE, see Chapter 5.2.2) was used to calculate the mini­
mum density of contour parallel hedgerows required per landscape structure 
to keep soil erosion below a threshold value of 7t1ha*a. As a result of the 
investigation, some 1934 ha, that is 14% ofthe research area, were included 
in the nature reserve system. Of this area, 649ha can be developed within 
existing (commercial) forests, whereas 1,285ha of arable lands have to be 
afforested. Another 967ha (7% of the research area) will have to be con­
verted to extensively managed grasslands for soil and groundwater protec­
tion. For the reduction of soil erosion as weil as for the protection of field 
flora and fauna, additional areas are needed. 

7.3 Landscape planning 

7.3.1 Definition and tasks oflandscape planning 

A "continuing process that strives to make the best use for mankind of 
the limited area of the earth's surface while conserving its productivity and 
beauty", so reads the definition of landscape planning by the Landscape 
Planning Commission of IUCN (Takeuchi 1983). Bastian and Schreiber 
(1999) interpret landscape planning as a planning for the preservation and 
the development of landscapes as spatial patterns of ecosystems with the aim 
to keep the sustainable capaeity of nature and to proteet its scenie beauty. 

Landseape planning deals with the landseape as a system of biotic, abi­
otie and anthropogenie faetors . Against the background of sustainable land 
use development landseape planning emphasizes (following Mannsfeld 
2000b) 

- the protection of the typieal variety of species and bioeoenoses in every 
landseape, 

- the preservation and the restoration of soils by the prevention of their 
degradation and by renaturation, 

- the preservation and the restoration of water quality by the prevention of 
contamination and the redevelopment of rivers and lakes, and 
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the protection of scenic features of landscapes respecting their recrea­
tional quality. 

Sustainability (see Chapters 7.1.4 and 7.9.2) is defined in the Brundtland 
Report (WCED 1987) as "path of progresses which meets the needs and the 
aspirations of the present generation without compromising the ability of 
future generations to meet their own needs". This definition characterizes 
sustainability not only as a principle of environmental precaution, but also as 
a guideline for preservation and development ofhuman welfare. That means, 
sustainability is a multidimensional concept with competing objectives 
(Schmid 1997). Therefore landscape planners are challenged to pay attention 
to the demands of environmental protection, especially to the preservation of 
nature, on the one hand, and to take into account the requirements of land 
use on the other hand. It is important for the planner to support ways of land 
use which are economical with their own resources. 

Landscape planning may thus be considered as a special area of applied 
landscape ecology with specific methodological procedures, determined by 
the principles of sustainable land use and nature preservation. The differ­
enee between landseape planning and landseape eeology is focused on the 
fact that landscape planning acts within the scope of environmental law but 
landscape ecology has the freedom to act within academia. Hence, it would 
be desirable for landscape ecology to create ideas and landscape planning to 
realize these ideas. 

7.3.2 Landseape planning and regional poliey 

Environmental law summarizes the laws dealing with environmental is­
sues. It concems the regulation of the human impact on the natural environ­
ment and the protection of all the parts of the environment itself, e.g. air, 
water, soil, wildlife. Therefore it encompasses many laws. Landscape plan­
ners in Europe have to respect the national regulations as weIl as the regula­
tions of the European Community. National regulations in some countries 
(e.g. Germany, Austria, Switzerland) are, not only enforced by the parlia­
ment ofthe Federal Republic, they can be also enforced by the federal states. 
And these laws cover all aspects of environmental problems. Here the regu­
lations for active and reactive landscape planning are fixed. Reactive land­
scape planning (see Chapter 7.4) is connected with environmental impact 
assessment. 

In most European countries landscape planning is integrated in regional 
planning and sectoral planning for land using branches (Table 7.3-1). Fol­
lowing the Natural Conservation Act in Germany landseape programs 
point out the principles of landscape development in every federal state. Ad-
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ditionally landscape skeleton plans reflect the guidelines of landscape de­
velopment within districts and landscape plans describe the local landscape 
development within communities. The Natural Conservation Act demands 
landscape plans, if they are necessary for reasons of natural preservation or 
landscape management. 

Table 7.3-1: Instruments o[ landscape planning in Germany, Austria o1nd Switzerland (ac­
cording 10 Boesch 2000, Dollinger 2000) 

Germany 

level of regional 
plan- planning 
ning 

federa- regional 
tion poliey 

program 

federal develop-
statel ment pro-
eanton gram of the 

federal state 
region! regional 
distriet develop­

ment plan 

Austria 
seetoral planning 
nature agrieulture, regional 
eonserva- forestry, water planning 
tion, management 
reereation 

landscape 
program 

eoneeption 
ofregional 
poliey 

provineial 
develop­
ment pro-
gram 

landscape skeleton plans regional 
skeleton for forestry develop-
plan agrieulture, ment plan 

water man-
agement 

mu- loeal devel- landscape loeal devel­
opment 
eoneeption 

nieipal- opment plan 
ity plan 

Switzerland 

seetoral planning regional 
planning 

seetoral 
development 
program 

zoning plan for 
natural hazards, 
zoning plan for 
settlement build­
ing, zoning plan 
for land use trans­
formation 

regional 
poliey 
guiding 
plan 
regional 
poliey 
guiding 
regulation 

regional 
poliey 
regulation 

seetoral 
planning 

faetual 
plan 
inventory 
list 

zoning 
plan, 
landscape 
plan, 
eeologieal 
eontraet 

Also other laws must be taken into consideration by active landscape 
planning in European countries, so in Germany the building code, which 
rules for settlement development and land use zoning, as weil as the Water 
Balance Act and the Anti-Pollution Act. 

The planners work within the framework of regulatory law. They have 
two important instruments to implement their concepts, zoning and siting: 

Zoning is the main tool for the development of open space. As in the 
V.S., zoning defines the permitted uses of land in order to separate inappro­
priate land uses and to protect public interests. That includes the restriction 
of land use if it is necessary to protect landscapes from the degradation of 
their naturalness and the destruction of their cultural heritage. The conse­
quence of zoning can be the assignment of plots of land in someone's dis­
posa!. In the V.S. land use zoning is only allowed in the case of regional or 
environmental nuisances. Otherwise land use zoning is considered as regula-
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tory taking.siting is the main tool for the management and the controlling of 
development projects. That concerns major projects like convention centers, 
shopping centers or large apartment complexes as weil as minor projects in 
the open space like view points, trails and other recreational facilities, which 
establish opportunities for tourists to visit cultural or natural monuments and 
to enjoy wildlife without hampering the needs of preservation. 

7.3.3 Scientific essentials in landscape planning 

Landscape planning is aimed at the ecological aspects of regional policy. 
Landscape planning deals with landscape monitoring, landscape manage­
ment and preservation of nature. To master these tasks planners must con­
sider some scientific essentials of landscape ecology, e.g. 

the holistic approach of landscape ecology (see Chapter 1), 
the methodological trias of landscape analysis, landscape diagnosis and 
landscape prognosis (see Chapters 3.1 , 3.2 and 4.3), 

- the assessment of landscape functions, potentials and hazards (see Chap­
ter 5.2), and 
the dimensional related landscape classification (see Chapter 2.2). 

The holistic approach is the basic idea for planning in the meaning of 
sustainable landscape development. Contemporary ecological problems are 
often caused by unbalanced interferences in natural systems and unbalanced 
ecological answers, only with a special view on narrow compartments of 
natural systems, e.g. species preservation without considering the geosystem 
as a whole. Hence foresighted acting demands a holistic view. This view is 
primarily the basis of the guidelines and of the aims of environmental quality 
(see Chapter 7.2) which determine the line of landscape planning. Neverthe­
less it is a problem that guidelines and aims of environmental quality are of­
ten expressed in general phrases, and it is difficult to apply them in concrete 
situations. 

Critics and skeptics say this approach is too woolly. However one can 
solve this problem not by renunciation of guidelines and aims of environ­
mental quality, by working in segments. A general tool for the planners ap­
proach is necessary. But it is also necessary to complete general aims with 
the subordinated objectives of planning related to every concrete case. These 
objectives determine operational procedures, especially in data sampling and 
data evaluation. The evaluation of data must try to consider all aspects of 
landscape features. You cannot ignore side effects. Hence the holistic ap­
proach is the best way to get areal idea of landscape structures and land­
scape functions in the planning area. 
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7.3.4 Main steps of landscape planning 

Landscape analysis, landscape diagnosis and landscape prognosis are 
the steps which determine the practical procedures of landscape planning. 
These three steps are a constituent part of the official achievement table for 
landscape planners and landscape architects in Germany (Figure 7.3-1). 

The general conditions of the practical procedures of landscape analysis, 
landscape diagnosis and landscape prognosis in landscape planning are dif­
ferent from the conditions of landscape research. Landscape planning is lim­
ited in time and money. Compared to landscape researchers, landscape plan­
ners have less chance to work in the field. Landscape planners are usually 
restricted to available data. 

Landscape mapping is mostly based on remote sensing data, especially 
orthophotos, and existing geographical information systems (see Chapters 
6.1 to 6.3). Making demands for an additional terrain survey is successful 
when the available data are apparently insufficient. The application of land­
scape metrics (see Chapter 6.2.3) and the development of landscape models 
(see Chapter 6.4) is practicable if sufficient suitable data are available, and 
the metrics or the models can lead to new findings. Nowadays, there is in­
creasing use of multivariate statistical approaches and modeling techniques 
with the increased technical advances and experience of planners. But it is 
still necessary to transform the metrics of patches or patterns in the land­
scape, and the results of modeling, into a language intelligible for every user. 

The assessment of landscape functions, potentials and hazards in land­
scape planning must consider the mutual relations between the landscape 
features first. Against this background their functional importance is derived 
from the contribution of landscape patches and landscape patterns to the bal­
ance of matter and energy in nature. The planner must characterize the func­
tional importance of landscape patches, e.g. vegetation units, soil units, 
lakes, river segments and meso-climatic areas, and their patterns verbally as 
weil as by metric indications. This should be the framework to assess the 
carrying capacity of landscapes (see Chapter 5.1) and the evaluation of 
natural potentials and natural hazards. 

Potentials and hazards characterize the socio-economic opportunities of 
land use, related to the natural constraints of landscapes and of the current 
levels of technology. If necessary, the disposition for the different kinds of 
land use can also be shown. Accordingly, it is useful to fix the hazards. In a 
synthesis of the results it is possible to draw conclusions about the carrying 
capacity of landscapes. It is important to und erstand that the methods of 
evaluation of functions, potentials, land use dispositions or hazards are very 
varied (see Chapters 5.2 and 5.3). Therefore, it is necessary to describe pre­
cisely any applied evaluation methods in landscape plans. 
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Figure 7.3-1: Steps oflandscape planning 

Every option and every decision of landscape planners must be related to 
spatial units. By means of scale-related landscape c1assification the basic 
structure of functional landscape units can be described in a way which al­
lows a comparison of the results of landscape inventory in different regions. 
Scale-related landscape c1assification in landscape planning distinguishes 
between topological and chorological scales. Topological landscape units 
(e.g. biotopes, pedotopes) are the spatial basic units of landscape plans. As a 
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rule, biotopes and pedotopes are officially typified and classified so the 
planner can describe their substance and their structure on the basis of offi­
cial type lists. 

Chorological units, which consist of groups of topic units, are rarely 
typified. Such groups vary strongly, and the precondition of typification is a 
basic entity which is extensive enough for this step. Nevertheless in some 
Central European regions, e.g. Saxony in Germany (Mannsfeld and Richter 
1995) and in the Salzburg country in Austria (Dollinger 1998) official lists 
of typified and classified landscape units exist (see Chapters 2.2 and 6.1). 
That makes the planners work easier and the characteristics of landscapes in 
the chorological level more comparable as in other cases, when landscapes 
only are described as individuals. But the planner must know: type-lists and 
the classifications are only fitted for regions and not overall applicable. Nev­
ertheless types and classes are tools for an efficient computer-aided planning 
and are therefore indispensable. 

As a rule, existing nature reserves (see Chapter 7.7) are untouchable for 
planners. Normally they are irrevocable planning categories, because they 
are defined by law and equivalent regulations. Revocations can be made 
only by legislative representations. Nevertheless landscape planners are au­
thorized to express proposals to establish new nature reserves. In Germany 
the legislator distinguishes between natural reserves in a narrower sense 
(statutory natural reserves), landscape reserves, national parks, nature parks, 
nature monuments and preserved parts of landscapes. Very strict protective 
regulations are in force for statutory natural reserves. Within landscape re­
serves however, several kinds of land use are tolerated, if they not act con­
trary to the protective objectives. Nature parks are nature formed areas, 
which are particularly used for recreation. Hence, nature parks in Germany 
cannot be equated with wildlife parks. 

7.3.5 Problems of implementation 

Planning is a step into the future. But planning cannot be equated with 
the future reality. In Germany and other European countries the great num­
ber of laws and statutory regulations often causes long-winded planning 
processes. The planning process is occasionally confronted with "fait ac­
compli". Therefore during the last years the legislators attempted to clear 
laws of regulatory ballast. Arrangement procedures between civil actors and 
official authorities like in the V.S. or Japan are taken into consideration. 
More and more planners prefer project- and management-related methods. 
These methods include a discursive project development, with contact with 
the people concerned (see Chapters 7.9.6 and 7.12). The activity of decision­
makers like public authorities and private companies to test such an ap-
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proach is, however, often limited. Hence in the last years, flexible planning 
methods are only punctually adopted by legislation. 

A well-known example for project- and management-related approaches 
in Germany is the International Building Exhibition, Emscher Park, where 
architecture projects in achanging landscape have been presented since 
1991. The remains of a mining industry, shut down during the last ten years, 
are transformed into park and housing areas, and completed with college 
buildings, museums of technology or technical monuments and towers over­
looking the former mining areas. This was a successful demonstration of the 
opportunities involved in a project-related planning approach. The Interna­
tional Building Exhibition, Emscher Park, shows that only a settled plan is 
effective. Planners should be able to demonstrate their projects. Reality does 
not wait for planners' ideas. 

7.4 Environmental Impact Assessment 

7.4.1 Aims, principles and history 

The assessment of the environmental impact examines the possible effect 
of a proposed action on 

- the physical environment: relief, geology, soil, surface water, groundwa­
ter, climate, air, 

- the biological environment: flora and fauna with specific consideration 
for rare or endangered species, and 
the human well-being: free from noise and air pollution. 

Environmental Impact Assessment (EIA) comprises all the investigations 
which are necessary to protect human health and welfare, to preserve flora 
and fauna, soil, water and air from pollution and other harmful side effects of 
human activities, and to reduce or to eliminate existing environmental dam­
age. Three principles must be considered in this procedure: the principle of 
precaution, the principle of causality and the principle of co-operation. Fol­
lowing the principle of precaution, the first aim of EIA is to avoid environ­
mental damage before it arises: at the "beginning of the pipe" and not at the 
"end of the pipe" . Following the principle of causality the second aim of 
EIA is to delineate the causes of existing environmental nuisance, to show 
ways to solve the connecting problems and to clear up the responsibility. 
Following the principle of cooperation, the third aim of EIA, is to include 
the people concerned by the proposed action in the decisions on the project 
(see Chapter 7.12). EIA is a central assignment of reactive landscape plan­
ning (see Chapter 7.3) in Europe. 
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The model for the enforcement of the EIA was given by the procedures 
defined in the U.S . environmentallegislation (Wood 1995). Since the revised 
version of the U.S. Clean Air Act 1979 (Section 309) authorized the Envi­
ronmental Protection Agency (EPA) to establish EIAs, environmentalists in 
Europe have been calling for similar statutory regulations. As a result of 
their demands, in 1985 a guideline of the Council of the European Commu­
nity ordered the member states to adopt EIA into nationallaw. This occurred 
step by step in the following years, e.g. in Germany 1990 and in Austria 
1994. In Switzerland, not a member ofthe European Community, the regula­
tions of EIA are integrated in the Environmental Protection Act which had 
already been passed by the parliament in 1983 . A thorough overview of the 
EIA in different countries is given e.g. by Donelly et al. (1998), Gassner and 
Winkelbrandt (1997), Petts (1999), Ruge (1998) and Vanclay and Bronstein 
(1995). Recently EIA must be completed in the European countries by a spa­
ti al impact assessment far the areas of the European Ecological Network 
"Natura 2000". 

7.4.2 Procedures of EIA 

In legal terms EIA is classified as adependant procedure. That means: 
dependent of a legal administrative process. The projects requiring EIA are 
listed, e.g. in the annex of the Environmental Impact Assessment Act of the 
Federal Republic of Germany: 

- construction and operation of power stations, heating stations, refineries, 
chemical works, glassworks, works for explosives, shipyards, steelworks, 
foundries, chicken farms, mast plants for swine or cattle, incineration 
plants, nuclear plants, waste disposal plants, mines (Figure 7.4-1), and 

- construction or modification ofhighways, waterways (Figure 7.4-2), 
railway lines, tramlines, test tracks for rai! vehicles or motor vehicles, 
race tracks, motordromes, airports, pipelines, power lines, recreation cen­
ters, leisure centers. 

The investor proposing an action or project has to submit an environ­
mental impact study to the official authorities. As a rule, EIA must be done 
with public participation (Table 7.4-1). 
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Figure 7.4-1: Quarries cause irreversible landscape alterations and damages: A granite 
quarry in the Upper Lusatian hilly country (Saxony, Germany) (Photo: 0. Bastian 2000) 

Environmental protective goods, in the legal sense, are men, animals and 
plants, soil, water, air, climate and landscape, including the interaction be­
tween these protective goods, cultural goods (monuments of architecture or 
archaeological monuments), technical goods and mining resources. 

Environmental protective goods are examined twice in Germany: first as 
a problem of regional policy, second within the approval proceeding. Princi­
pally the German authority which is responsible for the approval proceeding 
is not bound by the previous decision of the authority competent for the ex­
amination of regional policy aspects. In the other European countries only 
one step of EIA is necessary. This prevents a contradiction between the deci­
sion of the regional policy authorities and the decision of the project ap­
proval authorities. In Germany, a one step assessment might be imaginable 
under the competence of regional policy authorities, when the regulations for 
EIA in the frame of regional planning are enacted as the Council of the 
European Commission demands.Usually private planning consultants or 
planning companies work out the environmental impact studies (EIS). Every 
planner entrusted with this job must respect many statutory regulations. Not 
only must the Environmental Impact Assessment Act be considered, but also 
the statutory regulations for regional policy and nature conservation must be 
taken into account. Moreover, the anti-pollution act and the acts of settle­
ment development, soil and mineral resources protection, mining, water 
management, agriculture, forestry or horne land protection (in Switzerland) 
are relevant to the examination of environmental problems. In all cases the 
legislator demands, that the EIS explores all the environmental impacts of 



H Barsch 347 

the proposed action and all the interrelations between these impacts. The 
results of the EIS must be submitted to the authorities in time for the deci­
sion on the proposed action. The presentation of the results should be under­
standable for a general public (Gas sn er and Winkelbrandt 1990). 

Figure 7.4-2: River regulation and the reconstruction o[ hydroelectric power stations require 
an Environmental Impact Assessment: The Rhine near Marckolsheim (German-French bor­
der)(Photo: 0. Bastian 2000) 

Table 7.4-1: The German approval procedure o[proposed actions which must be examined 
by an Environmental Impact Assessment 

N° step of approval procedure 
submission ofthe project plan, connected with the 
environmental impact study and the attendant plan 
of landscape management. 
Supplementary: plan ofreorganization oftraffic 
routes, reshaping the farm land plots, afforestation 

2 comments 

3 first improvement of the planning documents 
4 public display ofthe planning documents (I 

month) 
5 opportunity for objections to the planning docu­

ments by letter (deadline 2 weeks after the end of 
the public layout) 

6 public discussion 

7 statement on the results of the public discussion 
8 second improvement of the planning documents 
9 decision of approval 
\0 public display ofthe approved version ofthe plan­

ning documents 

persons or bodies concemed 
investor and planning offices 

public authorities and environm. 
organizations (NGOs) 
investor and planning offices 
communities and NGOs 

communities and NGOs 

public authorities, NGOs and 
communities 
public authorities 
investor and planning offices 
public authorities 
public authorities 
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N° step of approval procedure 
11 opportunity for appeal against the approval (dead­

line 2 weeks after the end ofthe public layout) 
12 order ofthe court (ifthe approval is confirmed, it 

becomes uncontestable I month after the last court 
order) 

13 begin ofthe construction work 

Chapter 7 

persons or bodies concerned 
communities and environmental 
unions 
courts of justice 

investor, builders and contrac­
tors 

The routines for the development of environmental impact studies 
(EIS) are similar in most European countries. The official achievement table 
for landscape planners and landscape architects in Germany provides five 
steps of work: 

project information, 
landscape inventory, 
landscape evaluation, 
conflict analysis: determination of considerable impacts, and 
development of concepts for alternatives. 

The EIS must consist oftext and maps, describing every step ofwork. 

7.4.3 Management of interference in nature and landscape 

If the EISbelongs to the approval proceeding, in Germany an attendant 
plan of landscape management is necessary. Here the Federal Nature Con­
versation Act has drawn up rules for the management of interference in na­
ture and landscapes, before the Environmental Impact Assessment Act 
passed through parliament. An interference in nature and landscapes is de­
fined by law as the impact on the shape or the utilization of land plots in a 
way which hampers the natural balance of energy and matter or disfigures 
the scenic features of the landscape. Everyone who wants to plan a project 
must avoid foreseeable interference of nature and landscapes. Unavoidable 
interference is to compensated by steps of nature conservation or landscape 
management. The compensation must be carried out in a functional and 
chronological connection with the interference (LANA 1996). The aim is a 
spatial connection. 

According to the German Nature Conservation Act, the eourse of the de­
velopment of the attendant plan of landscape management must be exam­
ined for flora and fauna, soil, water, air, climate and scenic features of the 
landseape (the latter in eonnection with the reereational facilities). 

Unlike the EIS only the natural protective goods must be considered. 
The proteetive good "humans" and the cultural goods, the technieal goods 
and the mining resourees are not taken into account. But the steps of elabora-
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tion the EIS, wh ich provides the official achievement table for landscape 
planners and landscape architects, are partly comparable with the steps of 
elaboration the attendant plan of landscape management: 

project information, 
- landscape inventory, 

landscape evaluation, 
conflict analysis: description and explanation of considerable and sus­
tainable interference, 
development of concepts for the reduction or compensation of interfer­
ence, 
development ofthe balance sheet (synopsis of impact effccts versus 
compensation steps), and 
estimate of compensation expenditures. 

Analogous to the environmental impact study the attendant plan of land­
scape management must be presented with text and maps. 

The development of the EIS and the attendant plan of landscape man­
agement is connected with a lot of problems of applied landscape ecology. 
Above all, three should be named: 

- the allocation of impacts caused by the proposed action, 
- the determination of considerable and sustainable interference, and 

the siting and the timing of compensation activities. 

The spatial effects caused by the proposed action were usually derived 
from so-called impact-impairment-chains which characterize the effects of 
interference on landscape qualities. The field of impact-impairment-chains 
must be determined as exactly as possible. Most often, thc planner cannot 
realize a test in the terrain with such a narrow analytical focus. Usually the 
planner must look for comparable studies or consult his own experiences. 
This is not always sufficient. Hence the results of the allocation of impacts 
are sometimes burden with a rest of uncertainty. 

Irrespective of this problem a synopsis of project-related impacts is nec­
essary. This will be achieved by means of a GIS (see Chapter 6.2). A de­
tailed database is developed which comprises aB the data für the description 
of landscape features ont the one hand and the characteristic of the impacts 
on the other. In the GIS these data must be linked with spatial reference ar­
eas. The objective is to obtain the basic information about the dimension of 
interference and the extent of activities for compensation. Two methods are 
used: the first way is to produce an overlay of several topological or choro­
logical units. The resulting layer shows the smallest common geometry of 
these topological units. The landscapes are atomized into many basic units as 
a result of the fragmentation of the analytical horizons. This usually exceeds 
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the limits of practicability. Planners prefer the second way. Here biotopes 
are used as standardized spatial reference areas, because the less quantity of 
these basic units is far better manageable as the major quantity of the small­
est common geometries. Furthermore the assessment of biotopes can be real­
ized in a verifiable way. Data sources from remote sensing or GIS are avail­
able in many regions. Field surveys, if required, can be realized routinely 
and biotope typologies and classifications of biotopes exist in many places. 

Only considerable and sustainably stressed areas must be taken into ac­
count in the frame of EIA and the attendant plan of landscape management. 
Hence the threshold of considerable and sustainable interference is to define. 
This can be achieved by ecological hazard analysis. The term describes a 
group of methods, the aim of which is to characterize the relation between 
human activities and the change of landscapes concemed. Following the ba­
sic idea of ecological hazard analysis, the determination of considerable im­
pacts is derived from the intensity of impact on the one hand and of the func­
tional importance of the spatial reference areas ( e.g. biotopes) in the field of 
the impact on the other. 

Functional importance means the importance of the spatial reference 
areas for the natural balance of energy and matter, assessed within the scope 
of landscape evaluation. As a rule functional important areas are also sensi­
tive to interference. Functional importance and sensitivity (see Chapter 
5.1.2) are described verbally as weIl as scaled in several (mostly five) steps. 
All the nature reserves are high rated, areas of waste deposits for instance are 
low rated. Intensively used grassland, etc., is medium rated. The intensity of 
impacts is characterized by the extent of interference, related to one spatial 
reference area, and graduated due the effects on their structure and function 
in a scope between negligible and total loss. Impacts on medium to high 
rated reference areas exceed the threshold of considerable interference as 
weIl as noticeable impacts everywhere (Figure 7.4-3). 

functions 

reduction of 
functions 
highreduction of 
functions 

Figure 7.4-3: Scaled assessment 0/ considerable impacts 
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Sustainable interference is detennined by the period of time, which 
should be necessary for the regeneration of the impacted ecosystems and 
areas. Regeneration means the re-establishment of landscape structures or 
functions comparable to the structures or functions existing before the pro­
ject started (LANA 1996, see Chapter 7.11.2 and Table 5.2-5). It is very dif­
ficult to detennine regeneration periods in a generalized way and therefore 
the planner is sometimes confronted with several options. One must then 
decide on the basis of experience. If necessary, the planner can describe 
where the scientific basic is insufficient, otherwise one is bound by law to 
characterize c\early the results of impact assessment. This is carried out in 
text and maps. The maps show the spatial distribution of all the ecological 
hazards concerned to the proposed action and point out the areas of consid­
erable and/or sustainable interference. 

Compensation activities are focused on the development of landscape 
structures and functions comparable to the ecological structures and func­
tions in the areas of considerable and/or sustainable interference. 

The objectives, the quantity and the way of compensation steps must be 
derived from nature and the extent of the impacts, which are likely to im­
pinge on landscape features in relation to the guidelines of landscape man­
agement and landscape development in the study area. The legislator de­
mands that all the compensation steps can be proved in the sheet. Every step 
is to describe in detail and to relate to a concrete impact (Table 7.4-2). 

Tabte 7.4-2: Extractfrom a balance sheet 

considerable or sustainable impact 
conflict area impainnent 

N° type of biotope functional extent state of loss loss of reduction 
importance proteetion functions offunc-

tions 
coniferous moderate 10 ha + 
forest 

2 row oftrees high Ikm + 
3 wet grass land very high 5 ha protected + 

biotope 
versus 

compensation step 
compensation area compensation objectives 

N° existent functional extent availability target functional state of period of 
type of impor- ofland type of importance protec- develop-
biotope tance biotope li on ment 
fallow low 20 ha common mixed high 30 years 
fannland pool forest 

2 fannland low Ikm private double very high pro- 30 years 
property rowof tected 

trees biotope 
(avenue) 

3 fallow moderate 10 ha private wet very high pro- 10-30 
grassland property grassland tected years 

biotope 
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So the planner sometimes runs the risk of developing a simple input­
output balance, where the project impacts are compensated by isolated ac­
tivities of landscape management. Therefore it is useful to work out a coher­
ent compensation concept. This concept guarantees coherent landscape 
management in the compensation area, because every concrete step of com­
pensation must be integrated in a generalline of action. 

Compensation can sometimes be, strictly speaking, a kind of interference. 
Otherwise, some impacts, e.g. attractive new buildings like bridges or tow­
ers, can occasionally enhance the scenic beauty of landscapes. The environ­
mental law does not consider such aspects. But it is worthwhile to have these 
points of view at the back of the mind. So the planner is able to see harmful 
side effects of compensation steps and to look for the balance of impact ef­
fects in an unbiased way. Championing a holistic approach to the evaluation 
of impacts and to the methods of compensation excludes a simple swap with 
nature. 

7.5 Farming and the landscape: Structures of organic and 
conventional farms 

7.5.1 Agriculture and the landscape 

The relationship between agriculture and the landscape is a mutual one 
and has a long tradition. European landscapes have been used for agricul­
tural purposes for more than 6,000 years. Farmers' actions have influenced 
and shaped the landscape while the landscape has influenced farming prac­
tices and attitudes offarmers (B. Tress 2000). Today, large parts ofthe land­
scape are still used for agriculture. In Europe, on average 40% of the territo­
ries are dedicated to agricultural usage (European Commission 2000). Thus, 
it is fitting that agricultural landscapes should be an important issue within 
landscape ecology. 

Many landscape ecology studies on agricultural landscapes focus on the 
landscape as a (threatened) habitat for anima I and plant species (Farina 1997, 
Freemark 1995), biodiversity and heterogeneity (Duelli et al. 1999, Lock­
wood 1999, Norderhaug et al. 2000, see Chapter 2.3.4), on fragmentation 
and isolation (Fitzgibbon 1997, Grashof-Bokdam 1997, see Chapters 2.3.7 
and 2.8.2) or the development of small biotopes in agricultural landscapes 
(Agger and Brandt 1991, Baudry et al. 2000, Holland and Fahrig 2000). 

Some of these studies already show a contlict of interests between agri­
culture and nature conservation and societal demands for a sound environ­
ment. For more than two decades, the conventional agricultural method has 
been in crisis and an ongoing subject of public debate. News about its nega-
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tive environmental impact and food scandals are coming up continuously 
and have led to criticism of conventional agriculture by the public and land­
scape ecologists alike. 

7.5.2 The appearance of organic agriculture 

Parallel to this debate and partly as a direct reaction to conventional agri­
culture, alternatives have been developed . Organic agriculture became stan­
dardized and appreciated as a low-input system with distinctive advantages 
for the environment. Organic agriculture originated in the ideas of the 
Steiner school of the early 20th century. This grassroots movement was belit­
tled by the establishment in the 1970s. Popularization of organic agriculture 
was not the result of scientific and technological inventions, but rather 
through private initiatives of farmers and consumers (Hamm and Michelsen 
1996). 

Within the EU, it achieved significant growth within the last decade, now 
representing 2.6% of the total agricultural area, equal to 3,345,938ha, and 
practised on 1.75% of all European farms (SÖL 2001, Figure 7.5-1). Yet 
these figures hide large differences between countries. Austria is at the top of 
the list with 8.43% of its agricultural area managed organically while Ireland 
is at the bottom with 0.75%. In so me countries, organic agriculture has be­
come part of the official agricultural policy and government legislation is 
passed to foster its development. Big supermarket chains have discovered its 
economic potential and have launched special marketing strategies for or­
ganic food . The organic food industry seems to have all the characteristics 
necessary to become a cornerstone of sustainable agriculture: it is environ­
mentally sound, economically successful, and socially benign. 

7.5.3 Landscape ecology and organic agriculture 

Organic agriculture has piqued the interest of landscape ecology and the 
number of related studies undertaken has increased within the last few years. 
Many ofthe studies focus on the environmental effects of organic agriculture 
(Haas et al. 2001, Hansen et al. 2001), not on its relationship to the land­
scape as a whole. They discuss the different effects of organic and conven­
tional agriculture on soils (Vogtmann and Ries 1998), water (Brandhuber 
and Hege 1992), c\imate (Köpke 1994), wild herbaceous plants in fields and 
grazing areas (Elsen 2000), and diversity of the fauna in agricultural land­
scapes (Christensen and Mather 1997, Odderskrer et al. 1997). One excep­
tion, however, is the EU's Concerted Action group, which is studying "Land­
scape and nature production capacity of organic and sustainable types of ag-
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riculture" (Mansvelt and Lubbe 1999). They tested methods and tools for 
evaluating landscape quality on a small number of organic farms. 

But there is a lack of studies that deal with the effects of organic agricul­
ture at the scale of the landscape, studies that would involve a larger number 
of farms and thus would allow for broader conclusions. How would land­
scapes appear if there were a considerable percentage of organic farms? 
What would be the differences in landscape structure? There are other ques­
tions to be answered: Do organic farms have larger or smaller field patches, 
a higher diversity in crops? Is there a difference in fallow areas on organic 
versus conventional farms? Are there more or fewer hedgerows, ponds and 
other structuring elements on organic than on conventional farms? Are or­
ganic farmers more active then their conventional colleagues in establishing 
new biotopes? All these issues are of enormous significance considering the 
EU-wide growth rates of organic agriculture. 

Figure 7.5-1: In the Scandinavian countries. the share 01 extensive and organic larms is 
growing steadily: Dry meadows and Juniperus shrubs near Volentuna (Central Sweden) 
(Photo: 0. Bastian 2001) 

A study was conducted in Denmark that aimed at comparing the land­
scape structures of organic and conventional farm estates (B.Tress 2000). lt 
sheds a more detailed and differentiated light on the differences between 
these two types of agriculture. The study surveyed organic and conventional 
farmers in the counties of Ribe and Vestsjrelland. Questionnaires were dis­
tributed to the farmers by mai!. In all, 514 questionnaires were analyzed, 
comprising 369 from conventional farmers and 145 from organic farmers. 
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7.5.4 Organic agricuIture in Denmark - a defined mode of production 

Recognizing that there may be uncertainty as to the definition of organic 
agriculture, it is referred to in this context as the official production method 
defined in the national regulations for organic agriculture in Denmark 
(MFLF 1994), which are largely identical to the international rules of the 
International F ederation of Organic Agricultural Movement (IFOAM 1997). 

In order to get financial sub si dies from official programs, organic farms 
must satisfy Danish national regulations, as folIows: they may not use 
chemical fertilizers and pesticides. They have to maintain or improve fertil­
ity and biological activity of soils by crop rotations that include pulse crops 
or green man ure, by ploughing under organic matter, and by livestock ma­
nure. Animals have to be kept in a manner appropriate to their physiological 
and behavioral needs. Stables have to offer enough space for movement, 
enough litter, fresh air and daylight, and animals may not be fixed. In sum­
mer season (at least 150 day/year) all animals must have access to pastures. 
The Danish national regulations do not contain any declarations concerning 
landscape management on organic farms. 

The term "organic agriculture" includes the two most important branches 
of organic agriculture, biodynamic and organic-biological farming. The main 
difference between them is the anthroposophical philosophy upon which 
biodynamic agriculture is based and the lack of such a philosophical super­
structure for organic-biological agriculture. When the term "organic agricul­
ture" is used in this chapter, both types are meant. 

The number of Danish organic farms has risen continuously over the past 
few years. At the beginning of the 1980s there were about 40 to 80 farms, 
mostly biodynamic ones. In 2001, there were about 3,750 organic farms in 
Denmark, which means that approximately 6.5% of all Danish farms and 
6.6% of the total agricultural area are managed organically (Danmarks Sta­
tistik 2000). 

7.5.5 Landscape structures: Production- and non-production areas 

According to Forman and Godron (1986), landscape structure is com­
posed of "patches", "corridors" and a "matrix" (see Chapter 2.3). This ap­
proach has a strong bio-ecological orientation. Zonneveld (1995) refers to a 
"landscape pattern", composed of "line-elements", "dot-elements", and a 
"matrix", wh ich indicates a more neutral perspective. But m:ither framework 
was regarded as entirely suitable for this study. 

Landscape is the concrete nexus of nature and culture (Tress and Tress 
2001 a,b). Agricultural landscapes are the result of a co-evolutionary process 
between humans and nature. Farmers' perceptions of "good farming prac-
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tice" change with a conversion to organic farming (B. Tress 2000). And 
changed farming practiee results in a changed farming structure. The struc­
ture of a complex system such as the landscape is about more than its physi­
cal appearance; it represents the organization of the system as a whole 
(Maturana and Varela 1987). One could even perceive landscape structure as 
the "physical embodiment of its pattern of organ izati on " (Capra 1996). Thus, 
the differences in landscape structure have to be seen in relation to different 
farming systems. 

From an ecological perspective, it is often valuable to have high diversity 
(se Chapters 2.3 and 5.1), and a high percentage of areas "closer to nature", 
where human impact is low and nature is able to develop freely. This as­
sumption can imply the lofty attitude that agricultural changes degrade and 
damage the landscape's "natural" state, the way it is "supposed" to be 
(Cronon 1995). From an economie perspective, the goal is effectiveness, that 
is to say, high economic output for those exploiting landscape resources. 
Here, landscape structure is ordered in such a way as to maximize produc­
tion. A cultural or social perspective may pay attention to the signals that 
structures send to other people. "People make landscapes in order to what 
they believe their neighbors will think or cautious assessments of market 
expectations" (Nassauer 1995). Thus, cultural conventions and customs di­
rectly affect what people notice about landscapes. Structural elements, such 
as hedgerows may not only be used to mark property boundaries, but may 
also be neatly trimmed in order to mark the good "care-taker". A historie 
perspective may focus on remnants from earlier periods Iike burial hills or 
stone walls and desire their conservation as part of the nation's cultural heri­
tage (see Chapter 7.8). An aesthetic perspective may prefer riehly structured 
landscapes to monotonous ones, and vertical landscape elements may be 
perceived different than horizontal ones. None of these perspectives exists in 
isolation. Instead, people always hold a mixture of attitudes toward land­
scape structures. But it is useful to stress that there are differences in the 
evaluation of landscape structure from a farmer's and from an ecologist's 
point of view and that these differences in attitude make it necessary to ac­
knowledge that one's own perspective is only one among others (see Chapter 
7.2). 

Given the study's aims (B. Tress 2000), landscape structures on organic 
and conventional farms were the focal point. Data were gathered on the basis 
of the single farm estate, the total area property of a farm (including rented 
areas, excluding areas rented out). Thus it was most suitable to distinguish 
between production and non-production areas offarms (see Figure 7.5-2). 
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The total area of a farm includes all areas possessed by the farm owner, 
including rented areas. Agricultural areas comprise all areas used for pro duc­
tion, including fallow areas and permanent grazing areas. Und er non­
production areas fall all other areas of a farm, excluding built-up areas. Non­
production areas are all line and patch elements in the landscape such as road 
verges, field divides, hedgerows, stonewalls, ditches, dikes, tree rows, water 
draws, ponds, bogs, pits, burial hills, shrubs, solitary trees, groups of trees, 
plantations, ruderal areas. These elements are called small biotopes when an 
ecological function predominates or considered cultural landscape elements 
when their historic, aesthetic or cultural function predominates. Production­
and non-production areas of a farm form the landscape structure. 

7.5.6 Production areas on organic and conventional farms 

The sizes of individual field plots and the way these plots are used have 
a determining influence on landscape structure. Enlargement of production 
areas often causes a reduction in non-production areas. When two fields be­
come one, the field divide in between them is removed. Smaller field plots 
result in a higher percentage of edge areas while the total area remains un­
changed. No less important for landscape structure is the actualland use of 
the field plots. It is a significant difference if only one field crop is grown on 
all plots or ifthere is high variability. 

Crop rotation is an expression of landscape change. While the number 
and types of land use determine the variability of landscape structure on 
farms in one season, crop rotation can be said to determine the variability of 
landscape structure over several seasons. When farmers work with fixed 
crop rotations, land use on the different plots shifts each year, resulting in a 
more differentiated landscape structure. Both parameters are, however, 
closely linked to each other. An absence of fixed crop rotation on a farm of-
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ten correlates with limited types of crops, evidenced by a monotonous land­
scape structure. Additionally, the number of seasons per rotation is relevant 
because this is connected to the number of plant varieties that are involved in 
one rotation. 

Fallow areas on farms as weil as permanent grassland could be counted 
as production areas as weil as non-production areas, depending on the way 
they are used and treated. They may remain fallow for aperiod of 25 years 
(permanent fallow areas) and develop special vegetation, especially when 
they are not fertilized, but human influence is still feit: upcoming shrub and 
tree vegetation are usually removed. But there mayaiso be fallow areas that, 
although rotation left unseeded in one season, are treated with fertilizers and 
pesticides just like other fields in rotation (rotating fallow areas). Permanent 
fallow areas influence landscape structure in that they are areas that develop 
more freely than others in the agricultural landscape, a fact that is valuable 
from an ecological point of view. Their aesthetic value may be controversial, 
as they do not appear as orderly and neat as other fields. 

Permanent grassland areas are farming areas which are not periodically 
ploughed under and seeded afresh. They can be used either as pasture or 
meadow or as both simultaneously and development of special vegetation is 
characteristic for them. Permanent pastures and meadows are typical of the 
coinfluence ofhumans and nature in the landscape system. 

Table 7.5-1.' Comparison of parameters with relevance for landscape structure on production 
areas of organic and conventional farms 

organie farms conventional farms 
a) agriculturalland use 

average agricultural area 45.2ha 38.9ha 
average plot size 3.2ha 3.9ha 
average number of land use types 3.0 types 2.8 types 
dominant land use type (% of agricultural area) grass/green grains 52.4% 

forage 59.0% 

b) crop rotation 
prevalence of fixed rotation (% of all farms) 70.1% 51.3% 
duration of one rotation 5 years 4 years 
number of plant varieties within one rotation 3.1 sorts 2.9 sorts 

c) fall 0 w areas 
prevalence offallow areas (% ofall farms) 38.2% 47.4% 
percentage of fallow areas (% of agricultural area) 8.0% 10.0% 
permanent fallow areas (% of all fallow areas) 47.0% 68.0% 

d) permanent grasslands 
prevalence (% of all farms) 73 .0% 57.0% 
Qercentage (% of agricultural areal 27.0% 27.0% 
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The study's resuIts are summarized in Table 7.5-1. The organic farms 
investigated were larger than the conventional farms and had smaller field 
plots. Landscapes on organic farms have a slightly more differentiated land 
use - within one season as weil as within crop rotation. The dominant types 
of land use are rather different. While almost 2/3 of the fanning areas of or­
ganic farms are planted with grass and green forage, conventional farms de­
vote more than half of their agricultural areas to grains. Organic farms have 
a distinctively lower percentage of fallow areas, including permanent fallow 
areas. By contrast, a very high percentage of organically managed farm areas 
was used for permanent grassland. Thus, differences in landscape structures 
on organic and conventional farms result in some rather distinctive changes 
(e.g. the differences in dominant type of land use, fallow areas and perma­
nent grassland) and a wider range of small changes. But small changes can 
have rather large effects when related to the landscape as a whole and over 
the long term. 

7.5.7 Non-production areas on organic and conventional farms 

The percentage of non-production areas was first compared to total ag­
ricultural area (Table 7.5-2). Non-production areas comprise for instance, 
biotope, forest, bog, or water areas. The study surveyed only the total size of 
non-production areas not their spatial distribution or connection. 

Table 7.5-2: Comparison ofnon-production areas of organic and conventionalfarms 

organic farms conventional 
(average) farms 

(average) 

a) non-production areas 
percentage (% oftotal farm area) 7.2% 6.5% 

b) hedgerows 
totallength (average length per farm) l895.3m 1404.6m 
density (Iength in relation to farming area) 54.8m/ha 45.7m1ha 

c) establishment ofnew biotopes (since 1990) 
farms with new biotopes (% ofall farms) 57.3% 47.7% 
length of line biotopes 825.0m 465.6m 
size of patch biotopes 3423.0m2 3644.lm2 

d) Types of new established biotopes (since 1990) 
farms with new hedgerows (% of all farms) 78.6% 61.4% 
farms with new plantings (% of all farms) 32.1% 38.6% 
farms with new ponds (% of all farms) 14.3% 9.1% 
farms with new other biotopes (% of all farms) 1.8% 2.3% 
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Prevalence and shape of hedgerows are closely related to agricultural us­
age of the landscape. In spite of the presence of bogs or small lakes, hedge­
rows are usually human-made. This means that they come into existence 
only when there is a demand for cattle fencing, property markers or shelter 
belts, to name just three examples. But hedgerows are not only important for 
individual farmers, but also for other stakeholders in the countryside. To 
compare farmers' activity in establishing new biotopes/landscape ele­
ments, the study focused on conventional farmers who had not started their 
farm before 1990 (95 in number) and organic farmers who had not managed 
their farm organically since 1990 (103 in number). This guaranteed that both 
groups were treated equally in regard of the subject under investigation. The 
category "farms with newly established biotopes" indicates the number of 
farmers who had actually established new biotopes since 1990. As there was 
not asked after removal of biotopes, results have to be interpreted as gross 
mcrease. 

The study looked at preferences of farmers for certain types of newly es­
tablished biotopes/landscape elements. 

The organic farms investigated had a slightly higher percentage of non­
production areas, thus a plus in areas that are not intensively used. The total 
length of hedgerows was distinctly higher on organic than on conventional 
farms, as was hedgerow density. Organic farmers were also more actively 
considering the establishment of new biotopes/landscape elements on their 
farms. The line biotopes established on organic farms were on average dis­
tinctiy longer than those on conventional farms, whereas patch biotopes were 
slightly larger on conventional farms. Almost all newly established bio­
topes/landscape elements fall into the three categories of hedgerows, plant­
ings or ponds. Both organic and conventional farmers most frequently intro­
duced hedgerows on their areas. Thus landscapes on organic farms are not 
only characterized by sm aller field plots, but also by more biotopes of 
smaller size. All in all, landscapes of organic farms have smaller patches, a 
more differentiated land use, and are more richly interspersed with landscape 
elements, especially hedgerows. However, newly established landscape ele­
ments are confined to a few types only. Variation within a type, e.g. hedge­
rows, will have increasing importance in organic farming landscapes. 

7.5.8 Discussion and conclusion 

As mentioned above, landscape structure and agricultural practice are in­
trinsically Iinked to each other. The very high percentage of grass and green 
forage on organic farms can partially be explained by the fact that there is a 
high percentage of cattle farms among organic farms in Denmark. Other ex­
planations are that the numbers of animals that may be kept on organic farms 
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is tied to the agricultural area and that the amount of forage that may be 
bought from other farms is limited. Also, animals must have access to pas­
tures in accordance with organic rules. Grain production is more difficuIt to 
realize in an organic way and thus there are fewer farms that specialize in 
this kind of production. These farms must work with crop rotation systems in 
order to maintain soil fertility. Thus a season with grains grown on a field 
plot will usually be followed by one or two seasons with plants capable of 
nitrogen fixation, i.e. leguminous plants, on the same plot. All these factors 
resuIt in a high percentage of areas with grass and green forage/manure. 

Because organic farming is low-input, low intensity-agriculture, it is 
rather area intensive. Area-bound stocking rates and rotation systems are 
area consuming. This mayaiso explain the low percentage of permanent fal­
low areas on organic farms. Excluding fallow areas in rotation (e.g. those 
with leguminous plants), organic farmers simply do not have extra land that 
could be set aside permanently. The high percentage of permanent fallow 
areas on conventional farms should be seen in the light of the current EU 
subsidies for non-food production. The higher hedgerow density and the 
slightly higher activity to establish new biotopes on organic farms can 
probably be explained by the fact that organic farmers are encouraged to use 
biotopes, especially hedgerows, as tools for pest management. The smaller 
field plots and the higher percentage of farms that have a fixed crop rotation 
system may be advantageous from an ecological point of view. Higher per­
centages of permanent grass land and non-production areas may be evaluated 
positively, whereas the low percentage of permanent fallow areas can be 
seen as a disadvantage. From an aesthetic and cuItural point of view, perma­
nent fallow areas, to take one example, may have an untidy appearance and 
signal a lack of care and cuItivation. 

Some of the differences in landscape structures on organic and conven­
tional farms demonstrated in this study could be explained directly by the 
change in farming practice, others may depend more on farmers' attitudes 
and thus be indirectly linked to farming practice. The iIIustrated differences 
are characteristic for the two Danish regions where the study was under­
taken, but might be different in other European regions. Further studies are 
necessary. Comparative studies from other regions could show the degree to 
which the differences presented here are related to regional specifities and 
the degree to wh ich they are typical of organic agriculture itself. There is a 
need for further studies that ilJuminate the relationship between farmers' atti­
tudes, their farming practices and landscape structures. Such a study would 
be especially fruitful for non-production areas where farmers act more or 
less voluntarily. 

More knowledge of the different landscape structures on organic and 
conventional farms mayaiso help to adjust expectations of organic agricul-
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ture. And it is essential as a basis for decision-makers who are modifying 
existing or designing new subsidy principles for organic as weil as for con­
ventional agriculture. Here landscape ecology can certainly show itself to be 
an applied science. 

7.6 Tourism and the landscape: A mutual relationship 

7.6.1 Introduction 

Tourism is shaping the landscape. Landscapes are inspiring tourism. Both 
statements characterize for the relationship between tourism and the land­
scape, but while the former is frequently considered in landscape and envi­
ronmental research, the latter circumstance is often neglected in such re­
search. Many studies focus, therefore, on tourism's substantial impact on the 
environment (Pignatti 1993, Schmitt 1994, Sun and Walsh 1998). By con­
trast, perception- and socio-economic-oriented studies (O'Hare 1997, Jenkins 
1999, Pritchard and Morgan 2000) consider tourism as a phenomenon re­
lated to certain experiences and places. Very seldom are both kinds of stud­
ies combined, a legitimate but also reductionistic approach for these fields. 
Landscape is either understood as the physical environment that is impacted 
by tourist activity or as the construct that attracts tourists. In each case, land­
scape is investigated from a single point of view, be it natural or cultural, but 
not holistically, as is advocated here. 

The landscape is a complex, dynamic system, made up ofthe subsystems 
geosphere, biosphere and noosphere, which are interrelated. People are part 
of the landscape by means of their actions and thoughts. Landscape also be­
comes part of people (Tress and Tress 2001 a,b). To und erstand landscape in 
this way requires a different approach to landscape ecology studies in the 
field of tourism, one that transcends assessments of environmental impact. 
Of course, it is a main objective of landscape ecology to contribute to plan­
ning and management strategies that prevent tourism's potentially negative 
environmental implications. But such assistance alone will not solve the 
problem: researchers must consider the interdependence of tourism and land­
scapes, which are multifaceted and complex. 

This chapter contains an example of alandscape ecological study in the 
field of tourism that integrates both sides of the tourism-landscape relation­
ship. First, the changing tourism-Iandscape relationship will be contextual­
ized with a synopsis of the development of modern tourism and its meaning 
in contemporary societies. Next, second-home tourism, which aptly illus­
trates the relationship between tourism and landscape, will be assessed as it 
relates to Denmark (G. Tress 2000). 
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7.6.2 The landscape-tourism cycle 

For landscape ecology research to contribute to planning and manage­
ment of tourist sites, researchers must recognize interrelations between tour­
ism and landscape. Tourism and landscapes are shaping and influencing in 
what is called here the landscape-tourism cycle (see Figure 7.6-1). The rela­
tionship between tourism and landscape is systemic. When changing ele­
ments or conditions change within the system, all subsystems and other ele­
ments are altered. 

environmental impact 

attraction 
tourism landscape 

motivation, 

provide basis for action 

Figure 7.6-1: The landscape-tourism cycle 

Tourism involves different actors: the tourists themselves, but also local 
communities, tour operators, and others employed in the industry. Tourists 
are most important agents in landscape-tourism interaction, visualized in the 
landscape-tourism cycle, but others inside and outside the industry exchange 
matter, energy and information in this open system. 

Alandscape has different nmctions and meanings for contemporary tour­
ism: it is a habitat and a place to live; an area of production; a place for rec­
reation; a place for experience, emotion and perception; and a place for cul­
ture and settlements . Many of these functions are closely interwoven with 
the physical dimension of the landscape, the environment. 

Following the cycle, tourist activity is based on certain tourists' motiva­
tions and expectations. Landscapes attract tourists and influence tourist ac­
tivity that on the one hand impacts the landscape. On the other hand, tourist 
activity could not be realized without the landscape providing the basis for it. 

7.6.3 The development oftourism 

Tourism is related to mobility and leisure. In classical times, leisure, 
called "otium", was reserved for the upper classes, whereas others were re­
stricted to "negotium", daily work. First the efforts of the working class in 
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the late 19th century brought up leisure-time as contrast to work. Recreation 
and leisure occupied a substantial part of one's life and became symbols of 
freedom (Müller 1997, Opaschowski 1997). 

Mobility has always been one of the most important human activities 
(Antrop 1999), although motivations for it have changed over time. Mobility 
and later travel were always connected with perceiving and experiencing 
new surroundings, places, and landscapes. As opposed to mere mobility, 
travel has been motivated by a whole host of motives: hunting, exchange of 
information, communication, trade, education, war, religion, and health. 

It was only in the 1 i h and 18th centuries that travel was associated di­
rectiy with pleasure and experience (F eifer 1986, Opaschowski 1996). 19th_ 

century developments like the Romantic movement and technical innova­
tions in transportation helped tourism to flourish. By the end of the 19th cen­
tury, mobility and leisure had become interconnected. The groundwork for 
modern tourism had been laid (G. Tress 2000). 

Figure 7.6-2: Tourism at sea coasts is very popular: The traditionaljishing village Vitte (Bal­
tic Sea. Isle 0/ Hiddensee. Germany) (Photo: 0. Bastian 1981) 

Today, taking a vacation is the most important motivation for travel 
(Hughes 1996). Tourism is one of the human activities landscape ecology 
has had to deal with over the ever-changing course of human culture and 
history (Figure 7.6-2). 

7.6.4 Tourism in the postmodern era 

Today's tourism is a complex of expectations, motivations, and actions 
that are changing continuously. In this way, "tourism is prefiguratively 
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postmodern because of its particular combination of the visual, the aesthetic, 
and the popular" (Urry 1990). In postmodern tourism elements of modernity 
have become blurred. Now tourism means the fulfillment of several needs at 
the same time. Not all needs are related to landscapes. But landscapes do 
play an important role in tourist activities in the postmodern era. 

Tourism fulfils, for instance, the need for change; escape from the every­
day; thirst for adventure, recovery or distance; and abandonment of relation­
ships, duties and rules. It expresses the need for communication and the de­
sire for solitude. Müller (1997) explains the phenomenon of tourism as the 
satisfaction of emotional and sensual demands that lie beyond the rationality 
of everyday life and work. Myths, rituals, and ideas of utopia are involved 
here. Motivations in tourism can be the search for something or the escape 
from something. Tourists want to be treated as individuals. The Romantic 
idea of tourism, the vision of unspoiled landscapes, still determines tourism. 
Longing for, seeing, experiencing, reaching and discovering landscapes is a 
fundamental motivation in contemporary tourism. 

But the Romantic idea oftourism also expresses its dialectic: Tourists are 
looking for untouched nature and unspoiled landscapes, but this pristine state 
will be destroyed as tourists interact with the landscape. But what constitutes 
an unspoiled and untouched landscape for them? Authentieity plays an im­
portant role here, but is hard to determine in terms of landscapes. Different 
points in history, different stages of landscape development, and different 
utilizations of landscapes could be eonsidered as authentie. And since ex­
perienees ean be reproduced by different medias, it is not always authenticity 
that tourists are seeking (F eifer 1986, Urry 1990) - at least as it is under­
stood by those landscape ecologists, who see authentie landscapes as those 
in a natural condition, untouched by the disturbing influence of man. But 
how ean human influence be less authentic when human thought and action 
shapes landscapes and vice versa? For landscape ecology, the handling of 
the authentieity issue is a major challenge. 

7.6.5 The ecological critique oftourism 

Tourism is not only a very complex societal phenomenon, it is the 
world's biggest industry. For some countries, tourism is the most important 
souree of income. In the European Union, tourism is the largest sector of 
economy. lt is estimated that tourism directly employs 9 million people in 
the EU, representing 6% of total employment and accounting for at least 
5.5% ofGDP and 30% oftotal external trade in services. Tourism is seen as 
a major source of job creation in the years to come. Some sources estimate 
that travel and tourism jobs will increase by 2 million by the end of the next 
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decade, and will represent over 9% oftotal employment in the EU (European 
Commission 1999, 2001, Opaschowski 1996, Rita 2000). 

Figure 7.6-3: Tourism can lead to overexploitation 01 the sensible high-mountainous envi­
ronment: Hotels in the Norikura Mountains (Japan) (Photo: 0. Bastian 1993) 

As with any human activity, tourism impacts the social and natural envi­
ronment (Figure 7.6-3). But tourism has had heavier environmental conse­
quences as its growth rate has exploded over the last few decades. It is also 
occasioned by the greater distance between the place where a tourist plans 
his/her vacation and where it actually takes place. Tourism thus causes envi­
ronmental alterations in places where they might not have happened. The 
living conditions of permanent residents are impacted by the activity of tem­
porary visitors. Moreover, tourism activities are occurring in attractive and 
unique places that are sometimes more sensitive to change than other areas. 

From the mid-1970s through the 1980s, a critical attitude toward tourism 
developed that was based on perceived ecological damage caused by human 
activities. One of the first critics, Krippendorf (1975), called tourism a "land­
scape eater". The focus ofthe ecological critique oftourism was the increas­
ing number of landscapes used for tourism purposes - with fundamental con­
sequences. The question that arose was how to avoid increasing usage while 
fulfilling tourist demand. Landscapes were characterized as the capital of 
tourism: landscape elements such as air, sand, hills, beaches, forests, grass, 
snow and sea were free goods that could be used by everyone. The recogni­
tion that these resources were not unlimited led to the concept of "green tour­
ism" (Hamele 1993, Jungk 1980, Krippendorf 1975, 1984) which demanded 
a deeper consideration of environmental and social concerns in tourism ac-
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tivities instead of solely focussing on economic benefit. But the concept be­
came more of a market niche than a change of behavior. 

Considering the huge amount of current tourist activities it would be uto­
pian to expect that tourism activities could be done without any impact. 
Therefore, the task of landscape ecological research should be to support and 
develop strategies for tourism development that consider the interactions 
between humans and landscapes to a larger extent. Focussing solelyon the 
negative consequences of tourism is not enough when landscape ecology 
would like to contribute to problem-solving in the field. 

7.6.6 The development of second-home tourism in Denmark 

Tourism is a large field of varying branches and activities. Second-home 
tourism demonstrates the general interrelationship of tourism and land­
scapes. The development of second hornes is a good indicator of the explo­
sion of tourist activities and their environmental consequences over the last 
few decades on an international scale. 

Second hornes are properties owned or rented on a long lease as the occa­
sional residence of a household that usually lives elsewhere. Second-home 
tourism means the recreational use of second hornes by their owners, friends 
or relatives of the owners, or vacationers who rent the houses. In Denmark, 
spending a holiday or a weekend in a second horne is the dominant form of 
recreation and tourism. But second hornes can be found in large numbers all 
over Europe (Table 7.6-1) - from small summer cabins to houses used year­
around. 

Table 7.6-1: Nurnbers and densities 01 second hornes in selected European countries 

Austria6 

Czech Republic6' 
Denrnark2 

England3 

Estonia3 

Finland2 

France4 

Gerrnani 
Netherlands2' 

Norwai 
Spain6 

Sweden4 

nurnber of 
second hornes 

273 ,570 
395,800 
214,131 
203,000 

76,368 
439,000 

2,452,000 
130,700 

80,811 
343,366 

2,923 ,615 
380,638 

second hornes per 100 
inhabitants 

3.39 
3.91 
4.04 
0.41 
5.22 
8.30 
4.20 
0.16 
0.51 
7.71 
7.45 
4.30 

second hornes per krn2 

of the national territory 
3.26 
5.01 
4.96 
0.84 
1.69 
1.26 
4.44 
0.36 
1.99 
1.06 
5.77 
0.84 

Source: Data frorn the latest availab1e figures frorn different national statistics departrnents; 
11999,21998,3 1997, 41996, 51993, 61991 , *including apartments used for recreational pur­
poses 
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The second-home tradition in Denmark developed in the late 19th century. 
People from the larger urban areas discovered the recreational value of the 
small fishing villages close to the coast. They rented houses or built their 
own. The houses were situated close to the beach and had views of the sea if 
at all possible. In the 1980s, non-private usage, rentals to summer guests, 
exploded. Whereas the number of second hornes in 1960 was about 51,000, 
it has increased to about 215,000 at present. Today, 10% ofall households in 
Denmark possess second hornes. In the mid-1990s, about 16 million over­
night stays by foreign tourists in Danish second hornes were recorded per 
year. Additionally, about 8 to 16 million overnight stays by owners in their 
second hornes were estirnated for the same period. 

7.6.7 The environmental impact of second-home tourism 

A study conducted frorn 1996 to 1999 investigated the mutual relation­
ship between second-horne tourisrn and the landscape in Denmark (G. Tress 
2000). Both environrnental consequences of second-horne tourisrn as well as 
the tourists' motivations for second-home stays were considered. The inves­
tigation relied on two questionnaires of 628 second-home tourists in the re­
search areas in Denmark. The first questionnaire was distributed to the sec­
ond-home tourists during their stay in the second horne; the second ques­
tionnaire was rnailed to their rnain residence after retuming from the second 
horne. The term "second-home tourists" is used here to rnean second-horne 
owners who spend leisure-tirne or vacation in their own second horne, and 
second-home guests who rent or loan hornes for vacation. In addition to dis­
tributing surveys, data were collected about each horne, its plot, and vegeta­
tion. 

The study defines euvironmental impact as all kinds of physical conse­
quences for the landscape resulting frorn the construction and use of second 
hornes. In Denmark, conflicts over environrnental protection of the coastal 
areas and interests of local residents predorninate. The area that is used for 
second horne purposes in Denmark is approximately 1.14% of the whole 
territory. More than 90% of all second hornes are situated within the 3krn 
coastal zone. 

Environrnental impact was rneasured in different ways: second-horne 
density, consumption of area for second-horne use and construction, distur­
bance of vegetation, dunes and soils, consumption of energy and water, 
travel distance between horne residence and second horne, and mode of 
transportation (car, bus, train, plane). A range of indicators was used to re­
cord the impact, such as nurnber of second hornes, number of beds and oc­
cupants per horne, size of horne and plot, extension of roads and paths, loca­
tion of second hornes in the landscape (in dunes, heaths, forests, agricultural 
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areas), and others. But many indicators could only show impact measurable 
during the survey period. Comparison of maps and aerial pictures captured 
the long-term change of second-home tourism on landscapes. 

In comparison with neighboring Scandinavian and other European coun­
tri es, Denmark has a very high density of second hornes used for recreation 
and tourism purposes (see Table 7.6-1). In particular the coast, is strongly 
impacted by second-home areas. From June to August, an average of 3,000 
second-home occupants per km2 lived in this area. In comparison, the mu­
nicipality of Copenhagen has a permanent population density of 5,529 in­
habitants. 

The average size of a second-home is 88m2, but the range is from 24m2 

for simple cabins to 252m2 for luxury hornes. The average size of a second­
horne plot is 2, 145m2. On average, 9% of the plot is built up (including 
driveways and parking lots). Consumption of area is indeed a major threat 
for Danish coastal landscapes. 

Many second hornes are situated in or cIose to dune areas or areas with 
sensitive vegetation. The occurrence of paths through dune areas is distinctly 
high er in second-home areas than in coastal areas without recreational hous­
ing. Disturbance and loss of vegetation, soil and sand are consequences of 
the intensive use ofthe paths. 

Consumption of energy and water in second-home areas is a major 
challenge for local municipalities. High consumption of energy and water is 
seen in hornes with luxury equipment such as pools, whirlpools and saunas 
(in about 25% of aB second hornes). Water consumption per year is up to 
30% higher than the average water consumption of a Danish household (278 
m3 per year) without these amenities. Electricity is the main energy source in 
second hornes for warm water and heating. Annual consumption varies be­
tween 2,OOOkWh and 40,000kWh. Water- and energy-saving equipment or 
ecological building materials are used sparsely. 

Obviously, private transportation is highly valued in second-home 
tourism, but it is also the case that alternatives are rare as many of the second 
hornes are situated far from public transportation. Although tourist density 
per km2 during the peak season is in some areas almost as high as the popu­
lation densities of highly urbanized areas, urban facilities such as shopping 
centers, social and cultural events, health services, and other services are 
almost completely missing. This monofunctional division engenders a high 
amount oftraffic. 

Second-home tourism in Denmark has a profound impact on the land­
scape and on the coastal zone in particular. But in general, it must be re­
membered that tourism is rarely the only land use in an area. AdditionaBy, 
tourism's impact is measured in uncontrolled settings. Conventional experi­
mental scientific principles cannot always be applied because of the com-
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plexity of the phenomenon. Causes and effects can at best be sunnised rather 
than proven. An important question is wh ether environmental impact as­
signed to tourism is unique to tourism or whether other agents cause the 
same changes. The unique character of tourism's impact is where it occurs 
and the time at which it occurs (Butler 2000). 

Although tourism touches social, cultural and environmental issues, it has 
been most valued for its commercial potential (Hughes 1996). Because of 
the enonnous importance of second-home tourism in the Danish economy, 
one could indeed blame the tourism industry for exploiting coastal land­
scapes. When economic interest is high, as is the case of second-home tour­
ism, environmental soundness can hardly be achieved merely by restrictions 
and political pressure. Yet, environmental concems seem to have a lower 
priority in second-home tourism than other concems. But what is the tourists' 
position? How do they fee I about and react to the conditions for second­
horne tourism? What do they expect from the landscapes to which they 
travel? What motivates tourists to take a second-home vacation in Denmark? 

7.6.8 The landscape's creation of second-home tourism 

The reader will recall the introductory statement that tourism is not only 
impacting the landscape but landscapes are also inspiring tourism. This ra­
tionale dictated that the study investigate second-home tourists' motivations 
and perceptions. 

All second-home guests were asked why they had come to Denmark for a 
second-home vacation. All those asked could give several reasons (Figure 
7.6-4). For three-fourths ofthe second-home guests, the motivation could be 
found in the category landscape and nature. Typical answers were "because 
ofthe beautifullandscape", "because ofthe North Sea coast", or "because of 
the environment and nature". About a third of the guests mentioned that 
Denmark is close to their horne residence and just under a third came be­
cause they appreciated the country and the mentality of the Danes. Prices, 
climate, adventure, or entertainment were seldom mentioned although they 
are crucial factors in choosing other destinations. Focusing on the activities 
of second-home tourists du ring their stay highlights again the landscape's 
role. Almost all tourists reported that their holiday or leisure activities in­
clude "recovery at the house", "staying on the beach", and "walking and hik­
ing through the countryside/along the coast". For second-home guests who 
re nt ahorne for a week or more, the location of the horne was of crucial im­
portance. For three-fourths of German guests and half of Danish ones, the 
location of the second horne in the landscape was the reason for choosing it. 
Between 50% and 70% of all tourists prefer a second horne situated in the 
dunes or close to the sea. A view of the sea is highly appreciated. Experienc-
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ing the coastal landscapes was a main motivation for second-home tourism. 
It is noteworthy that 48% of the European vacationers regard scenery as the 
main motivation for travel and vacation (European Commission 1998). 

landscapeand nature ._ .. __ ._ .. __ .. _ ... __ ._ ... _ 

short joumey ._" __ ._" __ 1 

like country and .... _ .. __ ._. 
mentality of Danes .,. 

silence and recovery ._. __ • 

like second ... _ •• 
hornes in Denrnark .,. 

no rnass tourisrn .. _ .. 

pets can be brought __ 
along 

~--~---+----~--~---+----~--.~---1 

o 10 20 30 40 50 60 70 80% 

Figure 7.6-4: Second-home guests' reasonsfor travel to or within Denmark 

7.6.9 Romanticization as landscape concept in second-home tourism 

Perceptions of landscapes (see Chapter 5.5) result from differing cultural 
processes. Tourists' appreciation of landscape has different reasons and di­
mensions. Under the influence of Romanticism, travel became more and 
more motivated by the desire to experience landscapes (see sections 7.6.3 
and 7.6.4). Urry (1990) wrote, "Emphasis was placed on the intensity of 
emotion and sensation, on poetic rnystery rather than intellectual elarity, and 
on individual hedonistic expression". It was the uncuItivated landscape, the 
mood, the solitude and the wild elements that made landscapes attractive. 
For urban residents, these Romantic ideals were connected to a change of 
place. Wild and unspoiled nature could not be experienced in towns. The 
longing for unspoiled landscapes was expressed by Rousseau's call for a re­
turn to nature in the 18th century. 

The development of the second-home tradition in Denmark is rooted in 
the ideals of romanticism. The earliest second hornes were built in privileged 
places, elose to the sea, beaches, and forests, and even today, people prefer 
these places for their hornes. The plot was kept in a "natural" state. The natu­
ral-looking plot is perceived as apart of the unspoiled and uncontrolled 
landscape tourists are looking for. In the survey, influence of gardening was 
only found on plots of hornes used solely by owners, not on plots of rented 
hornes. 
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The explosive development in second-home tourism has led to a situation 
where landscape experiences shaped by Romantic ideals are getting harder 
to realize. No longer are all se co nd hornes located at privileged places, no 
longer do all have access to the beach. The solitude favored for experiencing 
landscapes has disappeared because of the increase in tourists. The sea view 
has been replaced by the view of the neighboring horne. But up to the pre­
sent day, the romanticization of landscapes has been the decisive engine of 
many forms of tourism - even when such expectations cannot be fulfilled. 
Nature and landscape based forms of tourism are to many a kind of mirror of 
society (Tonboe 1995). Landscape as a motivation for (second-home) tour­
ism is an expression of people's demand for unspoiled, untouched and au­
thentic environments. Romanticization is not negative; it does not symbolize 
an inability or unwillingness to perceive reality, but is rather an expression 
of the perception of landscapes in tourism shaped by tourists' values, expec­
tations and experiences. 

7.6.10 Planning and managing tourism landscapes 

Romanticization of landscapes is not characteristic of all forms of tour­
ism. Also, it would be a misunderstanding of the concept of landscape ro­
manticization in tourism to assurne that appreciated landscapes are always 
healthy ones and have de facto low environmental distress, or that tourism in 
general is dependent upon a healthy or pristine environment. Of course, visi­
ble environmental impact is hardly appreciated but even unsound landscapes 
can be romanticized. In the case of Danish second-home tourism, the land­
scape-tourism cycle could be applied successfully to the investigation of this 
topic. 

When environmental impact and a c1ear predominance of second-home 
tourism along Danish coastal areas prevent such experiences as tourists 
would like to experience, the future of second-home tourism is threatened. 
From an environmental perspective, then, the landscape's capacity to cope 
with tourism activities will soon be exceeded. From a social perspective, the 
landscape is no longer able to fulfil tourists' demands and expectations. The 
landscape's ability to attract tourism diminishes. In economic terms, tourist 
activity then decreases - as has been the case in second-home tourism in 
Denmark since the mid-1990s. The numbers of ovemight stays in second 
hornes first stagnated and then decreased (G. Tress 2000). The reasons for 
this stagnation can be found not only in environmental concerns, over­
crowded and densely built-up second-home areas, and increasing consump­
ti on of energy, water and area, but also in psycho-social and economic fac­
tors tied to the perception of landscape, its impact and the conditions for se­
lecting a second-home vacation. Second-home ownership and rental has be-
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come expensive. Taking a one-week second-home holiday in Denmark costs 
more than a two-week trip to more remote destinations. Because of the huge 
number of second hornes and tourists, second-home tourism has gained a 
negative connotation as a form of mass tourism. Landscape planners and 
managers must take into account the complexity and dynamism of tourism 
landscapes. Only by investigating tourists' perception and motivations along 
with tourism's impact can these challenges be faced. 

7.6.11 Conclusion 

When investigating tourist activities, landscape ecology research must 
apply a holistic approach. Landscape planning and management as weil as 
the knowledge of solutions to the environmental consequences of tourism 
depend on the application of alandscape concept that integrates physical 
and mental dimensions. Only when specific landscape attributes that are 
attractive to tourists have been identified can there be understanding about 
what may need to be done to keep them attractive to tourists (Butler 2000). 
The landscape-tourism cycle can be used as a model in applied landscape 
ecology. 

As tourism has become the world's biggest industry, the environmental 
consequences resulting from that business are of vital concern. Integrated 
landscape ecology studies in the field of tourism and recreation can contrib­
ute to successful landscape management. In planning, environmental, eco­
nomic, and societal interests must be combined. Knowledge of the environ­
mental impact and the motivations and expectations underlying tourist activ­
ity allows for a planning and managing process that respects different inter­
ests. Landscape planning (see Chapter 7.3) is then able to fulfill its task as a 
positive agent in landscapes and not as areagent. 

7.7 Nature conservation 

7.7.1 Introduction 

Nature conservation is calling for action. It has to make decisions and se­
lect areas for reserves, or has to choose among alternatives, when interfer­
ences cannot be avoided. Such decisions are based on assessments, which 
relate to values (see Chapter 5.3). Values are not constant and will be modi­
fied over time. Those changes are partly determined by the increase of 
knowledge but also by other processes, such as the political climate or social 
developments. As a consequence nature conservation will adapt and develop 
such new values. Nature conservation is a normative discipline. Its para-
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digms and norms underlay social processes and as a matter of fact are chang­
ing constantly. The objectives of nature conservation are different today, 
than they have been 20 or 100 years ago. This is not a critique, but necessary 
to realize. 

If we take a brief look into the history of nature conservation, we will 
see how its philosophy has changed. The conscious conservation of nature, 
and of parts of it, as a social aim meanwhile has a long tradition. It roots in 
the perception of negative consequences of human interferences with nature. 
This phenomenon became apparent during the industrial revolution . It was 
associated to the technical progress that began to leave its marks in land­
scapes and to threat picturesque sceneries. 

Based very much on the romantic movement in Europe, since the begin­
ning of the 19th century (see Chapter 7.6.9), the vulnerability and the value 
of landscapes have been realized more and more. Nature conservation con­
centrated on grand and magnificent landscapes. In his writings Goethe em­
phasized the right of nature to remain untouched. He portrayed "natural 
monuments", and questioned their origin. His holistic approach to nature, 
seeing natural elements as a whole and not segregating them into their parts, 
had repercussions on Humboldt and influenced European natural science and 
nature conservation fundamentally. 

Figure 7. 7-1: Yellowstone was the first national parkjounded in the U.S.A. in 1872 (Photo: 
0. Bastian 1991) 

As early as 1836 in Germany the first natural monument was preserved 
by a local decree to protect a picturesque rock ("Drachenfels", Siebenge­
birge ) against being destroyed by a quarry business. At that time, the ideas of 
conservation very much concentrated on extraordinary landscape elements. 
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In the United States the first national park (Yellowstone, Figure 7.7-1) was 
founded in 1872 based on a law enacted by the American congress. The phi­
losophy still focused on extraordinary parts of nature, but the scale had 
shifted to landscapes. Many other parks followed. However, it took so me 
time until naturalness per se became a major quality with the first Scandina­
vian national parks. 

At the end of the 19th century (1880), Rudorff already spoke up for the 
protection of remnants of natural sites in Germany (Figure 7.7-2), some 
years later (1888) he introduced the German term "Naturschutz". He was 
opposing the increasing tourism and its consequences according to waste and 
constructions. In addition, he protested against traffic and industry. 

This seems very modem, but definitely was not the common thinking at 
his time. During the 20th century, the strategies of nature conservation were 
continuously modified. It is remarkable, that the values and aims also differ 
widely between countries. Nature conservation had to adapt to circumstances 
linked to systems of economy and society. Various approaches developed 
parallel to each other. 

Figure 7.7-2: Otd and imposing trees can be an object 0/ nature conservation: The ancient 
oak near Suckow (Iste 0/ Usedom, Germany) (Photo: 0. Bastian 2001) 

Generally, nature conservation has to consider the environmental back­
ground and the history of different biomes, continents and landscapes. The 
political system had also a significant influence on the political side of na­
ture conservation. The possibilities to utter ones opinion and to protest 
against pollution and against the destruction of natural habitats were obvi­
ously different during the 20th century as weil, and of course also the admin­
istrative integration and importance of nature conservation. 
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The history and tradition of land use regulates strongly the composition 
of flora and fauna. The performance of wildemess and land use both are 
much related to landscapes and even to biomes. Highly valuable and rare 
biotopes in one landscape might be common in another one. However, as it 
is not possible to plan for whole landscapes where the interests of economy 
have to be considered as weil, nature conservation concentrates on certain 
areas of high value. These are either rather natural or rather rich in species 
or hosting certain rare species. 

During the second half of the 20th century biologists started to realize, 
that the restriction to such marginal reserves would perhaps not help to 
maintain the natural qualities they were interested in. Based on island bio­
geography (McArthur and Wilson 1967) and on population biology new 
concepts were developed. Strong influence came through the concepts of 
patch dynamics (Pickett and Thompson 1978), minimum viable population 
size (Shaffer 1981, Simberloff 1988) and by metapopulation dynamics (Han­
ski and Gilpin 1991, see Chapter 2.8 .2). Such theories can be seen as the 
fundamentals of the design of a network of reserves, which is the common 
strategy today. However, this network again has to be related to the ecologi­
cal complexity of landscapes. Only then it will be a success. 

7.7.2 Nature conservation and scale 

Nature conservation must refer to the context of the object that is under 
focus. This is true for large reserves, such as national parks, that have to be 
conceptually integrated into the matrix of their surrounding. Buffer zones 
will be necessary. The interests and the traditions of local people that live 
close by have to be considered. But, this is also true for endangered popula­
tions of rare plants. Conservation strategies then will have to relate to the 
plant community, to important functional groups, such as pollinators, to site 
conditions, such as soil and microclimate, and to the disturbance regime. 
Neighboring areas have to be screened according to their potential for the 
dispersal of the target species. The spatial distribution of other populations 
ofthe same species has to be mapped. 

This is why nature conservation is very much settled at the landscape 
scale. Conservation strategies will only be effective and successful, when 
they leam to integrate loeal aetivities into the landscape matrix. The subjeets 
of nature conservation, speeies, communities and eeosystems are compart­
ments of landseapes, with certain spatial and temporal qualities, adapted to a 
speeific environment and to speeifie disturbance regimes. Many species and 
most of the eommunities that oecur in Europe depend on eertain anthropo­
genie aetivities. At the landseape scale not only threatening processes take 
place, but also the driving processes. 
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However, nature conservation has to integrate different qualities of na­
ture. This starts with the genetic diversity within species, and reaches from 
the preservation of varieties, cultivars, and subspecies to the protection of the 
biosphere. The preservation of species and populations was always a major 
topic and will continue to be, but it can only succeed when also communities 
and biotopes are conceptually integrated. 

Another point is the preservation of non-Iiving compartments (geo­
topes). The perception of rocks or specific relief elements is emotionally stir­
ring. Rocks and relief (Figure 7.7-3) can be modified or even destroyed and 
then be lost as a habitat but also as an aesthetic quality from alandscape. 
Preservation strategies therefore have to be widened and integrate also non­
living parts of nature. 

New concepts should also integrate the soil. This compartment, wh ich is 
of basic importance for alm ost all our ecosystems, is merely regarded as a 
resource. Its specific and in some cases local qualities, the rarity and endan­
germent of soil types for instance or the biodiversity in soils are of alm ost no 
importance to the public until now, because nature conservation is still con­
centrating on biological qualities of landscapes. This conceptual shift would 
lead to new paradigms, wh ich perhaps would see the subject of nature con­
servation as ecological systems with a variety of ecological qualities, inte­
grating the soil, the water and the air. 

Figure 7.7-3: Rocks and relieJ can be modified or even destroyed, and then be lost as a habi­
tat but also as an aesthetic quality oJ alandscape: The Jamous natural bridge in the Bohe­
mian Switzerland (Czech Republic) (Photo: 0. Bastian 1981) 

One consequence of the realization of the restrietions of local action is 
the internationalization of nature conservation. Knapp (1997) distinguishes 
four phases in this development: 
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initial phase (-1945): the thoughts of nature conservation were estab­
lished, 

- phase of institutionalization (-1970): most institutions were founded and 
laws were enacted, 
phase of consolidation (-1990): nature reserves, laws and instruments 
were further developed and integrated into social processes, and 
phase of emancipation (after 1990): following the deep-rooted political 
changes during the last decade a new time of cooperation started. 

In nature conservation the necessity of international contacts and com­
munication is obvious. It is simply not possible to preserve migrating species 
in one country alone. The design of reserves has to consider, how species are 
distributed. Trends of populations and of ecosystems have to be noticed. The 
control of invasive species (see Chapter 4.3.2) is another point. In addition to 
this, and in some cases having direct impact on the preservation interests, the 
economic interactions between countries became so c10se and intensive, that 
we can no longer look at questions of conservation in an isolated way. 

Institutions and contracts are regulating the international information ex­
change. Since more than 50 years international programs and organizations, 
such as IUCN, UNEP, MAB, and non governmental organizations (NGOs), 
such as WWF, are working on agiobai scale. The "Ramsar Convention" on 
wetlands (Ramsar, Iran 1971) was alandmark in this development. Soon it 
was followed by the "Convention on International Trade in Endangered Spe­
cies of Wild Flora and Fauna" (CITES, Washington, D.C. 1973) and many 
other international contracts as the "Convention on the Conservation of Mi­
gratory Species of Wild Animals" (CMS, Bonn 1979). 

High impact on politics then was affected by the United Nations Confer­
ence on Environment and Development (UNCED), the "earth summit", in 
Rio de Janeiro in 1992. Among other influential contracts, there the "Con­
vention on Biodiversity" was signed by 159 nations. This convention is the 
consequence of the fact, that we realize a "crisis of biodiversity", meaning a 
global loss of species, during the 1980's (Ehrlich and Ehrlich 1981, Wilson 
1985). We are facing the 6th strongest extinction event during the earth's his­
tory (Gorke 1999), but this is the first time, that this is not caused by a large 
cosmic impact. This observation goes along with the fear of losing ecosys­
tem functions when losing biodiversity. The convention emphasizes that the 
preservation of biodiversity is not only of concern in the tropics, but 
throughout the world. The new quality of this convention is that the contract­
ing nations signed to identify components of biological diversity important 
for its conservation, to monitor these components and to find out processes 
and activities that have significant negative impacts on biodiversity (Artic1e 
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7). There was consent to establish programs for research as weil as for edu­
cation and training in this field (Article 12). 

The global changes of the environment show, that nature eonservation 
eannot be statie (Kerr and Currie 1995, Pearce and Perrings 1995). It has to 
react to the dynamics of the system it is interested in . Changes will occur 
according to natural site conditions, to species composition and to distur­
bance regime. 

Temporal seal es are also important when landscape history is concemed 
(see Chapter 4.1). The evolution of cultural landscapes went along deep 
changes in the composition and distribution of landscape elements. New 
communities established, other ones, that have been natural, vanished and 
were replaced by anthropogenic land use types. The planning and application 
of restoration and compensation measures has to consider this historical 
background. The creation of new elements that have not been native in the 
respective area be fore is problematic. 

However, dynamic processes are important for ecosystems, communities 
and populations. Static conditions do not occur in nature. Temporal variabil­
ity is a driving mechanism of evolution but for the maintenance of popula­
tions as weIl. Temporal niches are obvious, as the light gap for geophytes in 
European beech forests during spring, but until now management for annual 
temporal variability is not common generally adapted in nature conservation. 

This is perhaps even truer for temporal variability over longer periods. 
Sueeession in many cases is regarded as a negative process, because it modi­
fies the community and perhaps valuable species might get lost. This phi­
losophy is mainly found in Europe, where space is limited. Nature conserva­
ti on here is still rather conservative and wants to preserve a certain status 
quo. This causes logical conflicts, because the environment and the land use 
regime is not static, but is considerably changing. 

A new direction in nature conservation focuses no longer on the protec­
tion or the connection of left over areas, which are of no economic interest, 
but claims the preservation of processes. Conservation strategies like this 
have been developed in Germany long time ago, but remained very week, 
aiming at the general preservation of landscape properties (natural parks, 
areas of landscape conservation, etc.) without powerful restrictions for the 
economic and infra-structural development. But, how to install or promote 
certain processes, as the reduction of quantitative aspects of nutrient cycles, 
how to encourage land users to act in a certain way. One approach to reach 
the goal of managing processes at the landscape level is contractual nature 
conservation. In this case, the users of the landscape, farmers and foresters, 
are paid far a certain land management. Eeonomie ineentives are used to 
direct the management and to reach desired effects. In addition, marketing 
initiatives are very promising, for instance to support ecological land use, or 
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to maintain agriculture in marginal areas. Such initiatives can contribute to 
preserve resources and maintain or even enlarge species diversity indirectly, 
even ifthe major target is the production offood. 

7.7.3 Preservation of biodiversity 

Today, many practical works deal with the preservation of biodiversity 
(Falk et al. 1996). In assessments on the environmental compatibility (see 
Chapter 7.4) biodiversity became an important criterion. In landscape plan­
ning (see Chapter 7.3) and in preservation management it is highly ranked as 
weil. 

Not all the species can equally be preserved. Target-, indicator- or key­
species have to be identified to concentrate on. Besides specific species, 
communities or ecosystems, modern nature conservation tries to preserve 
biodiversity in general topic as weil. However, concepts that acknowledge 
diversity per se as a value and integrate it into the planning of conservation 
strategies are rare (Noss et al. 1997). One reason for this is that the term bio­
diversity is not c1early defined and used ambiguously. It seems c1ear, that 
biodiversity not only addresses species diversity, although this is an impor­
tant issue. Species are just one option to c1assify organisms, others may be 
more important for certain aspects of ecosystems (functional groups, growth 
and life forms, age c1asses). Then, organisms are only one category of levels 
of organization in nature. Others contribute strongly to the diversity of land­
scapes. The diversity of more complex landscape, such as communities or 
ecosystems, has to be taken into ac count as weil. This is already reflected in 
the Convention on Biological Diversity (CBD), but is not general consent. In 
addition to this, not only the number of elements or units, such as species, is 
a criterion for biodiversity, but also their resemblance or dissimilarity. This 
differentiates biodiversity into quantitative and qualitative diversity. The 
most important aspect, however, then will be the third category, which is the 
functional diversity. This leads to biocomplexity and further on to ecological 
complexity, if one integrates abiotic ecological compartments (Beier­
kuhnlein 1998). 

Nevertheless, the research mainly concentrates on the mapping and 
analysis of species diversity. But even there, the knowledge about real dis­
tribution patterns of biodiversity in normallandscapes is small. We know a 
lot about the hot spots of biodiversity, but the diversity of species throughout 
common cultural or naturallandscapes is widely unknown. Special problems 
occur, when species are gradually loosing importance in an area. They may 
still be found at different places, but have changed significantly in their 
dominance patterns. This is hard to detect. However, such shifts in species 



C. Beierkuhnlein 381 

abundance or dominance might be important for the maintenance of ecosys­
tem functioning. 

The preservation of biocomplexity and perhaps more general of ecologi­
cal complexity as wel1 would be a new paradigm for nature conservation. To 
maintain the functioning of ecosystems and landscapes wil1 be an important 
task in the future. The loss of species diversity might affect the ecological 
services that nature offers to mankind. 

7.7.4 SLOSS 

An important aspect in conservation practice according to biodiversity is 
the size and delimitation of preserves. Should nature reserves be large or 
smal1? Behind the acronym SLOSS, the crucial question: "Single Large or 
Several SmalI?" is hidden. What will bring more benefit: the design of only 
few but large sized areas or the protection of many but smal1 reserves? A 
certain influence of size on species diversity of reserves is rather obvious, 
but other factors will modify this relation. Edge effects (see Chapters 2.3.2 
and 2.8.5), far instanee, wil1 inerease environmental heterogeneity. That is 
one reason why smal1 isolated biotopes are so rieh in species. Speeies that 
are closely tied to the eharaeteristie environmental eonditions of alandseape 
element, whieh are not to be found close to its edge, will prefer larger 
patehes. Fragmentation (see Chapters 2.3.7 and 2.8.8) might reduce the por­
tion ofthe eentral area strongly (Figure 7.7-4). 

Puffer connection 

Figure 7.7-4: Fragmentation may cause much higher losses ofinterior habitats ofspecialized 
organisms than this becomes evident in the totalloss of patch area. The total lass of area of a 
landscape element will perhaps be not large, yet the functional impact can be strong 

Nature conservation tries to achieve a certain probability to reaeh its 
goals. One indieation for this suecess would be a eertain stability of the 
communities in foeus. The assumption that stability (see Chapter 5.1.2) and 
species richness are eonnected has a striking persuasive power, but there is 
an intensive discussion going on sinee decades about this topie. Until now, 
species diversity is regarded as an indicator for persistence of eommunities. 

Nature conservation is reduced in cultural landscapes to remnants of 
natural biotopes or of eommunities with high biodiversity, wh ich are spread 
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throughout the landscapes and do occupy only a small area. This is not true 
in natural or sem i-natural landscapes (Figure 7.7-5), which can be found in 
sparsely settled areas of high mountains, of boreal region, of tropical rain 
forests, in steppe landscapes or deserts. There conflicts with land use are less 
important and the design of larger reserve areas is possible. Local population 
in such marginal regions often is traditionally based on subsistence in agri­
culture and forestry and adapted to the natural conditions of their environ­
ment. Conservation projects ought to integrate human traditions and inter­
ests. Then, large reserves can be designed successfully and will last. 

The theoretical background behind the question whether single large or 
several small areas should be protected, is the theory of island biogeogra­
phy (McArthur and Wilson 1967, see Chapter 2.8.2). According to this the­
ory, the size of an area strongly influences the number of species. A second 
aspect is the distance between areas. The third point, which is of interest, is 
the existence of stepping stones between a continental source and an island 
sink or target. 

Figure 7.7-5: Remote areas with a more or less pristine nature are favorable to establish 
large protected areas: The Centej Mountaions (Mongolia) (Photo: 0. Bastian 1994) 

Boundaries and ecotones (see Chapter 2.6) are important for species, 
which require both, the site conditions of one and those of a neighboring 
landscape element. Nevertheless, these transitional areas are rarely mapped 
or protected explicitly. Paying attention to transitional zones makes man­
agement much more complicated. Transitional landscape structures 
should be considered also in the design of reserves. If the influence of the 
surrounding matrix of areserve is found to be negative, if it has to be pro-
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tected against detrimental processes, such as nutrient input or disturbances of 
animals, buffer zones have to be added to the reserve to enlarge the surface 
and to reduce the edge effects. This will make the reserve larger than its co re 
area. 

7.7.5 Networks 

Nature conservation has to integrate spatial and temporal qualities of 
landscapes. In spatial patterns and mosaics besides the site conditions, the 
disturbance regimes are of a crucial importance (Pickett et al. 1996). Land 
use changes in general and mainly the abandonment of traditional agricul­
turalland use, at low levels oftechnical and chemical intensity, are the major 
threats to species in Germany (Korneck and Sukopp 1988). Other functional 
impacts go along with the loss of connections and with th~~ loss of stepping 
stones due to the growing uniformity of landscapes (Figure 7.7-6). The loss 
of a patch or alandscape element itself may be not severe according to the 
number of species or individuals that are directly affected. But, if this area 
was of functional importance within the landscape matrix for movements 
and migrations, for short-term establishment of small populations or as hid­
ing place against predators within an open landscape. The effect of this loss 
will also influence the surrounding matrix and neighboring patches of a simi­
lar kind. 

A. B. 

Figure 7.7-6: Temporal change in lunctional connection and network. At time A there is 
strong exchange between patches. At time B reduction 01 two central elements leads to the 
isolation or exclusion 01 small elements (e .g. populations) and a weak exchange (e.g. gene 
flow, individuals, pollination). Stepping stones loose their lunction beyond certain threshold 
values lor minimum area 

The functioning of landscape elements depends a lot on the connectivity 
(see Chapters 2.3.7 and 2.8.4) between patches of the same type. Connec­
tions can be spatial, temporal or just functional. A system of biotope con­
nection must consider four decisive qualities (after Jedicke 1994): 

large reserves that function as a reservoir for species (this has to be de­
signed on the basis ofthe requirements ofthe most demanding species), 
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stepping stones between isolated habitats (they serve as temporal refuges 
during the migration of species), 
corridors to promote migrations and the transport of diaspores, and 
reduction of land use intensity within the landscape matrix. 

The attraction of this concept appears to be somehow dangerous as weIl. 
It supports the impression, that we have sufficient knowledge to manage 
biodiversity and to preserve species. Perhaps networks will contribute to im­
prove the population structure of certain species. Which one? That one that 
we will select? 00 we really know enough to design such systems for the 
entire species pool of landscapes and regions? It has to be kept in mind that 
the capacity of vectors not only depends on spatial circumstances. Vectors 
may be spatially concrete (hedgerows), but not necessarily. They mayaiso 
use certain media (wind, water) or other organisms (birds) that can easily 
trespass the distances between isolated patches. 

The German Federal Agency of Nature Conservation (2000) has the po­
litical target to preserve approximately 10% of Germany for nature conser­
vation networks. Within the European Union since 1992 the so-called 
"Fauna-Flora-Habitat"-directive of the council of the EU has to be im­
plemented that concentrates on the establishment of a coherent ecological 
network of special areas of conservation ("Natura 2000"). The term "fauna­
flora-habitat" is a little bit misleading, as the biological definition of habitat 
is always species-related, each species has another habitat that overlaps with 
others, so that this would not allow a spatially discrete planning. However, 
the network shall conserve natural habitat types as weIl as animal and plant 
populations of international importance. The members of the EU have to 
contribute a certain percentage of their surface to this network. 

7.7.6 Competing values 

Nature conservation as a normative discipline integrating societal needs 
and wishes. Aesthetic and ethical values play an important role in nature 
conservation. In addition to this economic aspects will influence nature con­
servation as weil. The costs and the benefits of nature conservation have to 
be analyzed, but the economic value of nature itself is not already really 
known (Montgomery and Pollack 1996, Pearce and Perrings 1995). 

At this point, we have to draw a clear line between natural sciences and 
nature conservation. Competence in this field is not restricted to scientists, 
when economic, ethic and aesthetic arguments count as weIl. Oecisions have 
to underlay a democratic process. Landscape ecology can contribute facts for 
decisions and analyze consequences and success of conservation manage­
ment. Nevertheless, it cannot make the decisions (see Chapter 7.2). 
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To be normative, is generally also true for other land using disciplines, 
such as agriculture or forestry. But, their norms are clearly economic and 
therefore easy to measure and to evaluate. In nature conservation a variety of 
different, and in some cases opposing, standards and value systems exist. 
One action or management technique might be beneficial to a specific aspect 
but detrimental to another one. Therefore, decisions require, even within na­
ture conservation, communication and perhaps mediation to identifY a com­
mon strategy. This field of evaluation is crucial for nature c,onservation. The 
conservation value might differ a lot depending on the selection of objects 
and criteria. The weighing of certain criteria, however, has to relate to the 
individuallandscapes where they are applied. 

The selection and the evaluation of specific natural qualities has to be 
done in a way that can be proved by others. As there will be never be abso­
lute objectivity but only inter-subjective agreement about the decisions to 
make, this is an important fact. 

7.8 Historicallandscapes and landscape elements 

7.8.1 Introduction 

Landscapes are changing and have always been. These changes can be 
gradual or sudden, periodicalor unique. What we see today, is the result of 
many processes and mechanisms that have been effective during different 
time periods. Thus, landscapes are characterized by historical influences (see 
Chapter 4.1). Today, the influence of mankind is reflected in agro-industrial 
landscapes but also in more natural regions. According to the degree of hu­
man transformation of landscape compartments, differentiating factors are 
the duration of settlements or civilization, the technical knowledge of the 
society, the social system (e.g. rules and laws for land ownership) and the 
economic standard of living (Simpson and Christensen 1997). Nevertheless, 
the contribution of historical human activities to recent conditions and land­
scape properties differs a lot between landscapes. 

In former times, human influence was affecting landscapes and ecosys­
tems at other spatial scales than today and than expected for the future. Pol­
lution and globalization are affecting landscape processes with an increasing 
speed and magnitude. Besides problems in species adaptation, such proc­
esses often result in accelerated within-system turnover rates, as regards spe­
cies composition, nutrient, water and energy cycles. System and landscape 
change is faster today, than this has been in the past (Figure 7.8-1). 

Landscape evaluation has to be related to both the current and the histori­
cal background. This chapter concentrates on the historical influence of 
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mankind on landscape properties and on resuiting implications for nature 
conservation. It will highlight various qualities of human impact and outline 
their historical role. Based on the understanding of historical processes and 
their effects on landscapes, we can detect and evaluate historical landscape 
elements and develop tools for landscape management and preservation. 

Testimonies of historical land use forms and of human constructions are 
widespread in landscapes. Some of them are obvious and abundant, others 
are inconspicuous and rare. Some of them are still used and further devel­
oped, others are abandoned, ruined or decayed. When aiming at protection of 
historical remnants of land use or of other human activities, the major prob­
lem nowadays consists of defining the appropriate temporal scale of refer­
ence, and to identifY modifications of a certain status that reduce its conser­
vation value. 
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Figure 7.8-1: The velocity 0/ environmental change has been modified by regimes 0/ proc­
esses induced /rom the natural environmental background and by human impacts to the bio­
sphere. Natural processes have been contributing to a much lower rate 0/ change than an­
thropogenie processes 
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7.8.2 Relief and water bodies 

Human have modified the surface of the land aiming at a better frame­
work for land use, infrastructure and settlements. The change of land surface 
goes along with aredistribution of materials, such as substrate or stones. 

Anthropogenie infrastrueture has left traces in landscapes long ago, 
and relicts can be found even in forest areas with no current roads. Man al­
ways tried to find the shortest or most convenient way for travelling between 
villages. Speed was restricted by horses or cattle used for draught. Slopes 
were not completely avoided. The animals were strong enough to trespass 
them and other options would have taken up to much time. As a result, steep 
roads developed, that offered the starting point for channel erosion. These 
roads eroded consecutively deeper, until they were abandoned and re­
established parallel to the former one. Today, we can find remnants of such 
infrastructure everywhere in hilly or mountainous areas across Europe. In 
many countries of the southem hemisphere such roads are still in use. Other 
infrastructure elements of historical origin, such as railroads and canals or 
ancient bridges, are more obvious in their impact on landscape structure. In 
many . cases, old infrastructure elements are out of use, but have regained 
romantic attraction, which allows to integrate them into the concepts of tour­
ism (Figure 7.8-2). 

Figure 7.8-2: Old inlrastructure elements can have a romantic attraction wh ich allows to 
integrate them into concepts 01 tourism: The lamous Avignon Bridge (France) (Photo: 0. 
Bastian 1995) 

Spatially more important are modifications of relief due to agrieulture. 
They are correlated with tillage of substrate rieh in skeleton and stones. 
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Ploughing of fields accelerates sheet erosion or wind erosion. Due to me­
chanical sorting du ring ploughing, stones are transported to the surface. To 
facilitate further cultivation, these stones were taken away and deposited at 
the margin of the field. Such margins developed frequently to hedgerows 
because this strip at the edge of the field could not be used. Nowadays, the 
relicts of former land use techniques, the deposits and hedgerows, became 
obstacles and were removed. This led to a loss of structural landscape diver­
sity and to fragmentation . The creation of morphological variety was only a 
side effect of agricultural activities. Farmer were more interested in the 
compensation of morphological irregularities. At steep slopes, they tried to 
reduce the inclination to avoid soil erosion. This was leading to the devel­
opment of terraces (Figure 7.8-3). In arid and semiarid regions, irrigation 
and the economic use of water was the major driving force for the construc­
tion of terraces with low or even no inclination at all. Another example for 
geomorphological effects of land use is the construction of ditches for drain­
age or irrigation. According to their function, ditches had different influence 
on the landscape. The drainage of mires and wetlands was the prerequisite 
for further cultivation. The reduction of soil moisture made these sites ac ces­
sible. Some landscape elements, such as ditches for irrigation, required an 
immense effort for maintenance (e.g. "Wale" in Southern Tyrol, Italy). This 
was of minor concern in the past, and still is in developing countries, where 
labor costs and salaries are low, and where sufficient manpower is available 
to maintain these constructions. In industrial countries, such labor-intensive 
forms of land use were abandoned during the 20th century. 

Other examples of historical landscape engineering are to be found in 
riverbed regulations. Smooth riverbanks were manipulated, natural dynam­
ics were diminished, meanders disappeared. On the other hand, new con­
structions, such as wears and dams, were introduced, that reduced the land­
scape corridor function of rivers. These interventions did not only affect the 
river itself, but also the groundwater regime in valleys, the high water levels, 
the run-off and the seasonal floods. Such constructions are generally disap­
proved today from the nature conservation point of view. However, in some 
cases, remnants of old trials to control water flow are regarded valuable, 
mainly when new water bodies were introduced in connection with specific 
land use techniques, such as mill ditches. Some landscape elements of high 
ecological value, e.g. oxbows and dead river beds, are even the result of 
straightening and regulation of rivers. 

Besides technical restrictions and high availability of manual work, also 
ethnic and religious traditions strongly influenced historical land use. In 
Central Europe, artificial ponds for fishery are concentrated in catholic re­
gions, where the consumption of meat was forbidden during fasting periods. 
These ponds became important biotopes for water birds. 
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Figure 7.8-3: To compensate morphological irregularities, and to avoid soU erosion, terraces 
were developed: Vineyards at EIbe river valley slopes (Radebeul near Dresden, Saxony, 
Germany) (Photo: 0. Bastian 1999) 

In contrast to the redistribution of material, quarries, gravel pits and open 
cast mines are the results of rem oval of substrate and bedrock. In former 
times, mining was controlled by the power of technical advices and re­
stricted to local activities. Here again, with the technical development of the 
19th century, and mainly driven by the invention of vapor power machines 
and electric light followed by combustion engines, a new dimension of hu­
man impact was reached. Limits of accessibility and transport could be over­
come and new landscape elements evolved. Open cast mining, for instance, 
led to a new dimension of anthropogenic landforms and biotopes. Some spe­
cies found new habitats in such areas. Other could compensate the loss of 
natural habitats, such as gravel fields in braded rivers. The ascent of ground 
water is another factor that changes site conditions in open cast mines after 
the end of the exploitation. Lakes are forming and add landscape elements 
that were perhaps lacking in these areas (see Figure 7.11-2). 

Quarries increase the ecological diversity in many landscapes offering 
habitats with extreme site conditions for various groups of species (birds, 
reptiles, amphibians). Depending on the composition of the bedrock and on 
exploitation technique, quarries may produce large amounts of debris and 
waste, wh ich have to be deposited, scattered or piled up. Dumps of slate 
quarries are a prominent landscape element in the Central European meta­
morphic slate mountains ("Thüringer Schiefergebirge"). DUTing slate exploi­
tation, only a small portion of the bedrock can be used and 90% of the parent 



390 Chapter 7 

material has to be dumped. This produces new biotopes with extreme envi­
ronments and very slow succession. Such sites serve thermophilie species 
(e.g. snakes as Coronilla austriaca or lizards as Lacerta agilis) as island 
habitats and stepping stones to trespass mountainous areas with rough cli­
mate. 

Hard coal, rock salt, ores, minerals and some sorts of rock are mined 
preferably underground. Many lands capes show relicts of underground 
mining that are protected and in some cases used as tourist attractions. The 
importance of such caves for winter quarters for bats is weIl known. Tem­
perature and air humidity stay nearly constant throughout the year and offer 
frost free refuges for these endangered mammals. 

7.8.3 Soil 

Soils were also modified and reshaped by human activities. This is not as 
evident as changes in relief. Modifications of soils can be interesting relicts 
of former land use. We can deduce from soil profiles, which kind of histori­
cal land use has been applied, whether the site has been ploughed before, 
whether occasional burning occurred. 

Most human activities that are documented in the archive of the soil were 
aiming to improve its fertility . Fertilization is mainly regarded negatively 
under the perspective of nature conservation, as it led to an eutrophieation of 
ecosystems and landscapes. If the capacity of the soil to retain nutrients is 
low, then the input of organie matter (for instance as part of the historical 
German "Plaggenwirtschaft") will improve the cation exchange capacity. 
This import of organic carbon is combined with an export from other sys­
tems. In many cases, as a consequence, these sites will impoverish and de­
grade. Short distance transports within the field was practieed by the medie­
val ridge and follow management ("celtic fields", "Wölbäcker"). 

Even in the humid tropies, relicts of such management strategies with ac­
cumulation of organic matter in soils can be found . The anthropogenic 
"Terra Preta do Indio" soils are located in a matrix of infertile oxisols. These 
relictic soils can be managed in a sustainable way. They are very fertile al­
though they are rather old (Pre-Columbian) and have developed under ex­
treme tropical conditions (Eden et al. 1984). "Hot spots" of nutrient enrich­
ment due to human activities can also be found in Afriean savannah­
ecosystems (Blackmore et al. 1990). Besides fertilization and the integration 
of organic matter, people tried to improve physical properties as weil, such 
as infiltration, aggregation or compaction. Many of those activities are no 
longer practiced, but can be reconstructed by their effects documented in soil 
profiles. Soils that document these land use practiees are of socio-cultural 
value. 
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In some cases, the degradation of soil functions and the loss of substrate 
mayaIso be an interesting topic. Most heathlands are the result of non­
sustainable land use. The "Lüneburger Heide" in Northern Germany, an area 
that is very attractive for tourists, can only be understood as the result of an 
ecologically non-adapted overexploitation. Causes of degradation are the 
export of biomass (Iiving biomass or dead material and litter) without com­
pensation of this nutrient loss to the ecosystem. Many land use systems con­
centrate on the cultivation of profitable crops on weIl suited arable land and 
on the improvement of such sites. Sites with low productivity then, are 
mainly used to take biomass and mix it with manure which is spread on 
more fertile ground. The long-term export of nutrients and carbon further 
degrades low productivity sites and emphasizes environmental differences. 

Other causes of degradation are the induction ofwind and water erosion 
by logging forests or removing vegetation structures. In dependence of relief 
and c1imate, different forms of erosion may predominate and create new 
landforms, wh ich can have a certain aesthetic quality. This may be true for 
extreme degraded sites, such as bad lands, but depends strongly on individual 
perception. Degradation gene rally restricts the options for future decisions 
and enhances specific land use types. Forms of use then may be adapted to 
reduced nutrient capacity or water retention ofthe soil. Again, such land use 
types, and the ecological knowledge that is reflected in them, can be land­
scape-specific and ought to be preserved. 

In European landscapes, erosion was high during the late medieval time. 
From paleopedological investigations we obtain the information, that during 
approximately 50 years around the year 1350 excessive channel erosion oc­
curred. This degradation went along with strong social and economic prob­
lems (Bork et al. 1998). As the eroded material has to be deposited some­
where, erosion creates new substrates. The thick layers of colluvial sedi­
ments of many European valleys were induced by human activities and cor­
responding intensive erosion within the catchments ofthe rivers. 

7.8.4 Species, communities and ecosystems 

Looking at species, and pondering about their role in historical land­
scapes, human influence becomes strikingly obvious. Species diversity in 
Europe is strongly connected with land use history and land use diversity. 
Plant communities developed as areaction to regular agricultural activities. 
Some of these communities are depending on certain techniques and sea­
sonal rhythms of land use. Even as early as in the 1960s, changes in the spe­
cies composition of Central European plant communities on arable fields 
were noticed (Tüxen 1962). 
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The role that humans play for the extinction of species is an increasing 
one. This is not only true for Europe during the 20th century, but also for 
other continents and mainly for vulnerable island flora and fauna. For in­
stance, the bird species diversity of Pacific islands was immense until the 
Polynesians reached the islands 4000 to 1000 years ago. A specific bird 
fauna had evolved on these archipelagos. Most birds were not adapted to 
predators. Despite its low technical standard, this civilization wiped out 15% 
of the global bird fauna (2000 bird species) (Steadman 1995). These histori­
cal landscape objects are lost forever. 

The presence of man also plays a role for the dispersal of species. Tradi­
tionally, neophytes and neozoons are defined from an Euro-centric point of 
view with the discovery of the "New World" in 1492. Compared to pre­
settlement species composition in Central Europe, much more species have 
been introduced from neighboring regions before and perhaps even after, as 
we do not have complete records on this process. 

So, what are historical communities or species? Natives? Archaeophytes? 
Ruderals? And are certain neophytes, which have been introduced in former 
times, historicalor not? In many cases, where the process of introduction is 
documented, we can distinguish between introduced species and natural spe­
cles. 

Introduced species are species which have been transferred from one re­
gion to another in a conscious and planned action. Introduced species may be 
seen as a problem, but on the other hand, introduced species may be valuable 
elements in historical landscapes (Abrams 1996) and correlated to specific 
land use types. Nearly all field crops and fruit trees are introduced. Here, the 
breeding of ancient cultivars and varieties is of interest which are replaced 
by more productive others. However, the preservation of intraspecific ge­
netic variability is an important task for landscape conservation. This is also 
true for domestic animals, where local races became extinct in many cases 
(Figure 7.8-4). 

Today, Central American pines (e.g. Pinus radiata, Pinus caribea) are 
widespread in tropical and subtropical regions of the world, if there is suffi­
cient humidity. Eucalypt forests (e.g. Eucalyptus globulus) can be found eve­
rywhere in Mediterranean climates. Such introduced tree species replace 
natural ecosystems and strongly affect landscapes, communities, functions 
and processes of ecosystems. Robinia pseudacacia has become an integral 
part of the European forests. The species reproduces successfully and is a 
strong competitor under certain site conditions, altering soil conditions by its 
mycorhizal fixation of nitrogen. Many introduced species, which can be seen 
as apart ofthe local floras today, could be listed here. 
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Figure 7.8-4: The preservation %ld or loeal raees 0/ domestie animals belongs to the tasks 
0/ nature eonservation, too: A eattle raee similar to the extinet auroehs (near Döbeln, Saxony, 
Germany) (Photo: 0. Bastian 2000) 

7.8.5 Conservation of culturallandscapes and landscape elements 

The specific traits of cultural landscapes are a high intensity and a long 
history ofhuman influence (Haber 2001, Naveh 1995). Culturallandscapes, 
where social and economic interactions among people are reflected in the 
landscape context, exist in all regions of the world. They do not only include 
landscapes where resident human populations occur, but also landscapes 
with migrating nomads, when the influence of man is decisive for certain 
landscape conditions. One could ask, whether alandscape without human 
influence exists at all. Perhaps in some high mountain areas, in some deserts, 
in the Arctic, one will find landscapes, where humans did not change deci­
sive qualities of the landscapes until now. Though, if one defines landscapes 
as regions with comparable environmental background and ecosystems and 
includes human activities into the concept, the term "cultural landscapes" 
becomes useless (see Chapter 1.1). 

Changes in landscapes are directly correlated with the development of 
human societies. The preservation of a specific state is difficult to imagine, 
though. One could hardly select one certain time frame as historical, and 
suggest that this composition or structure ought to be restored. Modern ap­
proaches in landscape management rather aim at preserving natural variation 
within certain bounds. 
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Generally, the interaetion between human influenee and landseape pat­
tern ean be regarded as eause and effeet. Then, human influenee is interre­
lated with the oeeurrenee of speeifie landseape patterns. Settlements for in­
stanee require drinking water, wind proteetion, arable soils, wood for burn­
ing, raw materials for eonstruetion and clothing. On the other hand, settle­
ments influenee landseape patterns, ereate speeifie anthropogeneous patterns 
and modify others. This oeeurs at different seales. We ean regard anthropo­
genie land use as disturbance regime (Jentseh et al. in press). Sueh distur­
banee regimes have to be eonserved for the proteetion of historie landseape 
elements or landseape struetures. 

The eonservation of historieal states in landseapes is an illusion, beeause 
the eonservation of a eertain status quo has to faee global ehange. Neff 
(2000) has developed a deterministie model for vegetation dynamies in 
Mediterranean landseapes integrating perturbation and eompetition regard­
ing spaee and light regime. Mediterranean landseapes are strongly modified 
by a variety of eultures over long time periods. Many sites ean no longer 
reaeh former elimax vegetation, beeause soil properties are degraded irre­
versibly. Also today, irreversible and reoeeurring disturbanees are part of 
these eeosystems. The diversity of landseape elements and speeies in man­
aged landseapes is closely eonneeted to the disturbanee or land use regime 
(Szaro and Johnston 1996). If new disturbanee regimes (or land uses) are 
introdueed, speeies will need a eertain time to reaet and to adapt. Under this 
assumption, the rapid ehanges of our reeent landseapes have to be regarded 
eritieally. Then, the proteetion of historieal struetures is a tool to preserve 
speeies diversity and biotie resourees in eo-evolved eeologieal eommunities. 

Birnbaum (1994) differentiates four types of landseapes aeeording to his­
torical features. The first landseape type ean be assoeiated with an histori­
eal event, a well-known person, or eertain style of landseaping design. This 
eategory would eontain parks, eampuses, estates and reereation areas. The 
seeond eategory, the historie landseape or historie site, is a region that is as­
sociated with a signifieant historie event. Here, also battlefields and politieal 
loeations would be attaehed. Historie vernaeular landseapes are modified 
landseapes, where a eertain tradition of land use or social behavior of eertain 
groups of the soeiety is praetieed. This would address the largest parts of 
biosphere reserves, where traditional land use is an integral part of the pres­
ervation eoneept. Finally, ethnographie landseapes embody natural and eul­
tural resourees that an associated soeiety or people defines as its heritage 
(e.g., saered springs, mythologieal groups oftrees, natural monuments). 

Many landseape elements have a special meaning to local people. They 
are tightly eonneeted to their mythology or history. Speeial trees or roeks 
(Externsteine in the Teutoburger Forest, Loreley at the slope of the Rhine 
Valley, Labyrinth of roeks at the Luisenburg in the Fiehtelgebirge, ete.) at-
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tract people and let them identify strongly with these landscapes. Even some 
national parks have been created, that focus on such extraordinary landscape 
elements (e.g. the national parks "Elbsandsteingebirge" and "Jasmund" in 
Germany, see Figure 4.1-2). The integration of archaeological sites of high 
value into concepts of landscape management is a further approach, that 
adds archaeotopes to valuable biotopes and natural monuments (Behm 2000, 
Figure 7.8-5). 

Figure 7.8-5: Landscapes can embody archeological and cultural sites being a heritage olthe 
local people or even the mankind: The mysterious Bronze Age center 01 cult worship Stone­
henge (England) (Photo: 0. Bastian 1998) 

The concept of historical landscapes, that consciously integrates the 
mythological importance of landscapes in peoples every days life, is consid­
ered a specific quality of protection in landscape planning (Hönes 1991). 
Recently, this approach has been extended to industrial landscapes (Kiste­
mann 1998), that reached the conscience of the society mainly after the fall 
of East European socialist countries (Figure 7.8-6). 

7.8.6 Conclusion 

Human influence is all-pervasive in landscapes. It may not always be ob­
vious, but it is rarely absent. If landscapes have evolved over long time peri­
ods together with human activities, these will be an integral and compulsory 
mechanism for the preservation of landscape functions and services. Human 
activities, such as landscape management and land use practices, affect and 
even create specific lands cape elements. This is why the human factor can-
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cannot be neglected in nature conservation. Mankind has contributed to the 
development of communities, ecosystems and landscape. 

Figure 7.8-6: Recently, the protection 0/ historicallandscapes has been extended to interest­
ing industrial areas: A conveyor bridge beat up in the closed lignite opencast mine "Berg­
heide" in the Lower Lusatian lignite mining region (Photo: 0. Bastian 2001) 

However, nowadays land use change is very rapid as a consequence of 
globalization and the rapid technical development. These changes will result 
in a loss not only of biodiversity, as most species cannot adapt as fast as nec­
essary to the new environment, but also in a loss of land use types and tech­
niques. This again, will change landscapes according to their aesthetic value 
and ecological function. 

The conservation of certain historical aspects reaches a new dimension 
under this perspective. It is no longer a museum-like traditional and conser­
vative approach (Behm 2001) but an important technique to support ecosys­
tems and landscape elements with environmental conditions and disturbance 
regimes that respond to the species requirements, as most of our species have 
evolved in such systems. If we want to preserve our biotic resources, we 
have to manage landscapes not in a historical way, but integrate long-term 
evolved structures and elements. 
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7.9 Sustainable developmentof eities and urban regions 

7.9.1 Introduction 

Cities and urban regions are becoming more important at agiobai scale. 
At the beginning of the 21 sI century more than half of the global population 
lives in cities and urban areas (UNCHS 1996). 

The urbanization processes differ considerably between different conti­
nents and countries depending on the particular economic status and the 
level of industrialization. In the "Third World", gigantic growth rates of 
large cities and metropolitan areas dominate the process combined with a 
considerable rural exodus, while North American, Western and Central 
European cities and towns are growing more slowly. Here, suburbanization 
(Figure 7.9-1) is the prevailing process, but it is much more dispersed in the 
U.S. than in Western and Central Europe (prigge 1998). Germany is an ex­
ample of an urbanized country: 33% ofthe population live on 5% ofthe total 
land area; 83 cities have more than 100,000 inhabitants (Mäding 1998). 

Figure 7. 9-1: Suburbanization causes characteristic environmental loads. e.g. by an overde­
velopment of the landscape for touristic purposes: Pollenr;a (Isle of Mallorca. Spain) (Photo: 
0. Bastian 1999) 

The following chapter describes Western and Central European cities and 
urban regions, in wh ich the urbanization processes are very similar. 

Facing the structural change from industrialized to service-oriented socie­
ties, current urban functions are being questioned. International finance 
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transfers and modified price building procedures produce modified expecta­
tions in the regional division of labor (ARL 1998). Cities and urban regions 
can be split up into winners and losers (Wegener 1998). Metropolitan areas 
will grow more and faster than small and medium-sized cities and towns 
(European Commission 1994, Sassen 1996). The "winners" will be charac­
terized by an increase of inhabitants, commercial zones, and environmental 
pollution. Generally, the "losers" will loose jobs and inhabitants, gain dere­
lict areas and fallow fields, and environmental pollution will decrease be­
cause ofthe reduction of economic activities. The "winner-regions" ofWest­
ern and Central Europe are growing comparatively slowly, but constantly; 
the trend to develop unimproved areas is unbroken. Urban regions grow 
even if their population is stable because of the increase of individual and 
commercial need for space. Where the distances between the single core cit­
ies are short, polycentric urban regions occur. 

The relationship between the core cities and their surroundings (some­
times called "hinterland") is changing: the core cities serve considerably less 
as work places for the inhabitants living in the surrounding area, while the 
surroundings gain growing importance for housing, recreation and as eco­
nomic zones and compensation areas. The "new centers" developing along 
motorways and around airports combined with the emergence of shopping 
centers, commercial zones and technical infrastructure transform the former 
rural urban "hinterland" into a technique-dominated "urban landscape" about 
it can be argued that there is a growing "equivalence" between core city and 
suburbs. In the emerging "city-Iandscape-continuum", "urban islands" alter­
nate with "landscape islands"; the core city seems to disperse into the urban 
region (Sieverts 1998). 

The growing extension of urban areas requires more individual and pub­
lic transport leading to an increase of tangential trafik movements (Adam 
and Blach 1996); there is a vicious circle between the growth of urban re­
gions and the increase of traffic (Locher et al. 1997). 

Furthermore, suburbanization leads to characteristic environmental 
loads. From an environmental point of view, the networking of cities causes 
a fragmentation of landscapes, the transformation of habitats into different 
forms of land use and the loss of natural areas. 

In conclusion: the (traditional) European town is dispersing. There are 
different reactions to the importance of this process from different special 
interest groups. Despite the increase in environmental pressures and struc­
tural problems, the urban style of dwelling with a high density of buildings is 
environmentally less damaging than rural settlements or suburbs with respect 
to the average land use per person. 
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7.9.2 Environmentally sustainable development 

As there is no alternative to cities and urban regions, their sustainable de­
velopment, especially with regard to the environment, is required. In Ger­
many laws for regional and urban development have addressed this issue 
since 1998, when generic guidelines for sustainable regional and urban de­
velopment became part of the regional and urban planning act; both contain 
also environmental aspects. 

There have been many interpretations and definitions of the notion "sus­
tainable development" since its initial conception in 1992, when the concept 
was outlined at the UNCED (United Nations Conference on Environment 
and Development, Rio de Janeiro 1992). There is no absolute definition of 
sustainable development; the concept is used as a guideline and interpreted 
differently both by disciplines and individuals (see Chapters 7.1.4 and 7.3.1). 

In this chapter, the following definition is used: the general concept of 
sustainable development consists of an integrative treatment of ecological, 
economic, social, and cultural aspects of change in the long-term. The con­
cept is so wide and complex, that it can be implemented only by discussion 
and co-operation of a variety of societal groups. Environmentally sustain­
able development is a subset of sustainable development that concentrates 
on the environmental aspects with their related procedures and institutional 
structures. Environmentally sustainable development is an ethical impera­
tive; justice in the shared use of the environment, e.g. balancing environ­
mental quality against resource use is one of its basic elements. It is more 
than environmental protection and environmental precautions. 

Environmentally sustainable development comprises (Figure 7.9-2): 

the primary ecological aspects: it requires consistency that balances so­
cietal and economic use of resources against the carrying capacity of the 
environment, 

- in environmental-economic terms: it seeks an increase in the efficiency 
of resource use, 

- in social-ecological terms: it looks to change and replace lifestyles that 
waste resource with maintainable patterns of consumption and produc­
tion, i.e. sufficiency. 

Consistency, efficiency and sufficiency are three complementary princi­
pies that supplement each other; an environmentally sustainable develop­
ment must meet the requirements of all three principles. 

The concepts of sustainable development and of environmentally sustain­
able development have to be formulated and implemented by a variety of 
disciplines including spatial and environmental planning at regional, urban, 
and landscape levels. 
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Research for an environmentally sustainable development can be classi-
fied by the dimensions it addresses: 

in a two-dimensional or spatial view: space management, 
in a three-dimensional or "functional" view: resource management, 
in a four-dimensional view: spatio-temporal management and 
in a "five-dimensional" view: new culture of planning. 

..... .................... time 

institutional aspects 

socio-economic aspects 
- suffiency -

Figure 7. 9-2: Elements 0/ an environmentally sustainable development 

7.9.3 Space management 

social aspects 

Effective control of land use, in order to minimize environmental pres­
sures and maintain the environmental carrying capacity (see Chapter 5. LI ), 
requires space management in cities and urban areas. Space management is 
the data-Iead control ofthe patterns ofland use and land(scape) functions. 

Aims of quantitative space management include: 

density of buildings and mixture of uses, 
re-use and recycling of building areas as weil as commercial and indus­
trial wastelands, and 
compensation for the land utilization for housing, industrial, commercial, 
and traffic areas. 

Qualitative space management aims at the careful, environmentally 
sound use of surface and soil. Not only does the area under different use 
need to be taken into account, but also its functionality and the drivers for its 
use. 

There are already several approaches to space management in regional 
and urban planning. Spatial and environmental planning dedicates spaces 
and areas and places constraints on land use. Regional plans controlland use 
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by defining priority, provisory, and suitability areas. Large cities, such as 
Berlin and Stuttgart, attempt space management in their surroundings, which 
includes open space in "Regional Parks". Furthermore, the German compen­
sation law implements aspects of space management, but, only selected 
parts. 

There is a requirement for research and development, to extend the 
existing approaches to space management at regional and local seal es in the 
following aspects: 

- co-operative development of guidelines for land use (see Chapters 7.2 
and 7.12). The guidelines and aims should meet and make more explicit 
the basic principles of environmentally sustainable development: consis­
tency, efficiency, and sufficiency. They should be produced through a co­
operative process by discussion of all relevant societal groups, 
investigation of environmental, health and nature protection aspects 
by environmental planning, 
development of open space networks and habitat systems, which are use­
ful partly for nature protection and partly for human recreation purposes 
in aB cities and urban regions, 

- wider application of the landscape framework plan in regional planning 
and regional development: landscape planning at the regional level is of­
ten concentrated on nature and habitat protection and the demands for 
recreation; the air/climate, soi! and (ground-) water are often neglected, 
use of economic instruments to controlland use e.g. financial incentives, 
taxes and contracts with private investors or actors, and 
development of a land register: detailed information including the density 
and distribution of building structures and their technical infrastructure. 

7.9.4 Resource management 

There is no doubt, that the extent of resource use in industrial countries, 
and especially in their urban regions, has to be reduced for environmental 
and financial reasons. Resource management is the data-lead control of the 
use 01' resources. 

The aim of quantitative resource management is to reduce the use and 
flux of material and energy and minimize waste (water, materials and gases). 
The potential risks 01' posed by materials and energy (qualitative resource 
management) also needs to be taken into account. 

Details 01' urban-regional resource management are still unclear, but the 
general need for development can be characterized as foBows (similar to 
space management): 
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co-operative identification of guidelines for sustainable resource man­
agement: the carrying capacity, the efficiency of resource use and the 
sufficiency in lifestyles serve as basic principles for the use of resources 
by production, housing and consumption, 
development of an equivalent data-bases on material and energy fluxes in 
and between urban regions, and 
involvement ofthe resource user. 

The development of an urban-regional resource management system 
faces considerable resistance; therefore its implementation will be difficult. 
The expansion of functional networks of cities and urban regions; European 
integration and globalization is leading to global transfer of goods between 
cities and urban regions. Material and energy fluxes are linked to an extent 
that requires an investigation to identify which products and materials can be 
subject to an urban-regional resource management in a meaningful way. 

7.9.5 Spatio-temporal management 

The recent societal change is connected with an acceleration of economic 
and societal processes. The speeding up and the ignorance of natural 
rhythms and peculiar time phases is producing a high-speed "non-stop­
society", where time patterns become monotonous and steady. But the 
speeding up of economic processes and the "condensation of time" leads to 
irreversible environmental impacts and resource depletions. The (mis)use of 
fossil resources can be interpreted as a disproportionate use of the time that 
is accumulated within them, and therefore as a "theft of time" (Held 1998). 

Between spatial and temporal structures exist dense but to date hardly 
recognized linkages; the changes with regard to time (speeding-up, just-in­
time-production, etc.) have a major influence on spatial structures (Wolf and 
Scholz 1999). In urban regions, the speeding up is visible in the expansion of 
high-speed roads, rails, and telecommunication networks ("data highways"). 
They lead to a lower resistance against traffk or a "shrinkage of space" 
(Henckel 1997). 

The time-scale which is relevant to environmental precautions and long­
term stability, and which underlies the sustainable development concept, is 
not the same as the short- to mid term horizons in policy, economy and plan­
ning However, trying to take into consideration the long-term perspective, 
by predicting long-term societal developments, causes considerable episte­
mological, conceptual and methodological problems. Instead of ignoring the 
problem, we should develop a conceptual framework to predicted guide fu­
ture developments. 
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In order to find long-term perspectives for the development processes of 
a city or urban region that will allow us to assess the changes in circum­
stances and situations we must develop a "policy of time", A "Commission 
for the Future" or a similar institution should analyze the general interrela­
tionships between societal, economic, environmental and cultural develop­
ment processes and propose alternatives for future development, change and 
eventual control measures. These proposals should be discussed in democ­
ratically legitimized institutions, such as urban or regional councils and with 
the general public. 

"Spatio-temporal planning" has to take into consideration the relationship 
between societal time and spatial use so that it can optimize both mutually in 
aB planning tasks. Time has to be taken into ac count in all phases of plan­
ning. A "mapping of the spatio-temporal uses" should document uses and 
their intensity, dependent on where and when they happen so that both "un­
der-use" and "over-use" can be identified. The analysis and documentation 
of use intensities will deliver the necessary, basic information to steer to­
wards a balance ofuse intensities. 

To date, it is an unanswered question, whether and how long-term socie­
tal development and structural changes can be predicted at least relatively 
exactly; the spectrum of possible development paths and the uncertainties in 
knowledge grow exponentially with the time scale considered (see Chapter 
4.3). 

7.9.6 New planning eulture 

As economic processes speed up, the authorities have to act and react 
faster in the planning process. As more people participate in the planning 
process with the aim of safeguarding their interests, both the process and the 
planning culture are changing. The importance of formal plans is being su­
perceded by negotiations and bargaining between the administrations and 
investors. Private actors, such as environmental groups or regional and Lo­
cal Agenda 21 initiatives, are gaining weight in the planning process. As in­
vestors and private actors restrict their interest to certain projects - and will 
only finance specific projects - planning has become "project-oriented". The 
former planning processes are changing to management processes, and this 
shift causes a new planning cUlture: 

strategie orientation of planning in order to facilitate a democratic con­
trol ofnegotiation processes and results. Planning proc~:sses need "crash 
barriers", which can serve as a framework and set limits for negotiations. 
These "crash baITiers" are a strategic orientation of planning at aB politi­
callevels, 
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horizontal co-operation and co-ordination in order to avoid diver­
gences between political and planning activities as weil as inefficacy and 
inefficiency, 

- vertical co-operation between the different politicallevels (feedback­
principle), and 
evaluation and control with sustainability indicators wh ether the eco­
nomic, social, environmental and cultural development move in the ex­
pected direction. 

7.9.7 Conclusions 

Environmentally sustainable development of cities and urban areas leads 
to considerable challenges for spatial and environmental planning. 80th 
planning forms are losing importance given the "withdrawal of the state" 
facing the growing influence of private, especially economic, actors. The 
shift in importance from formal state-planning to informal private-public 
management requires from both planning systems an assessment of their ef­
ficacy and an improvement and an adjustment of their organizational struc­
tures and their methods. As the relationship between spatial planning and 
landscape planning is conflict-ridden, with the environmental aspects often 
being disregarded in spatial planning, better coordination is needed. Im­
proved coordination is also required between the various forms of environ­
mental planning (e.g. water management plans, climate protection and waste 
management concepts). 

There is a need for further development of environmental planning - not 
only in urban areas -in order to improve: 

eval uation of the need of protection of every urban space with respect to 
the environment (water, soil, air, climate, flora and fauna), human health 
and nature protection, 
(further) development of environmental quality target systems, wh ich 
comprise also targets in order to meet the principles of consistency, effi­
ciency and sufficiency (see Chapter 7.2), and 
environmental impact assessment of plans: prognosis and assessment of 
environmental and human health impacts of planning purposes. 

Developing space, resource and spatio-temporal management and a new 
process-oriented and co-operative planning culture requires interdisciplinary 
and transdisciplinary work and research (see Chapter 1.3). The formal in­
struments have to be complemented by new participatory approaches using 
strategic (see Chapter 7.12) as weil as economic approaches. The flexibiliza­
tion of planning and the growing influence of private actors require a democ­
ratic legitimization of decisions making. A strategie orientation of planning, 
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that encompasses a strategy for sustainability, which aims at a11 politicallev­
eis can provide guidelines to decisions and help to legitimize the results of 
negotiations. Additiona11y, sustainability indicators are useful in order to 
evaluate socio-economic and environmental developments, whether they are 
sustainable or not, i.e. whether they meet the principles of consistency, effi­
ciency and sufficiency. 

7.10 Urban Ecology 

7.10.1 Introduction 

The new millennium will be a millennium of very rapid urbanization (see 
Chapter 7.9.1, Figure 7.10-1). Already, the world's largest cities have 
reached more than 20 million inhabitants, and there is no limit to the size of 
a city. Cities are clustering, and, together with their surroundings, they are 
developing more and more the character of extended large urban landscapes. 

Today, residential areas and roads cover 12.7% of the total land area of 
Germany. The demands for space for urban use is growing, not only in Ger­
many. This is causing a progressive transformation from previously agricul­
tural/forested landscapes into urban landscapes, or a constant rebuilding of 
the existing urban landscape. City landscapes are concentrated living spaces 
and the most denaturalized ecosystems ofthe new century (Figure 7.10-2). 

Figure 7.10-1: In 2025,60% ofthe world's population will be living in urban areas: The city 
ofCopenhagen (Denmark) (Photo: 0. Bastian 1991) 
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Figure 7. 10-2: The high population density in the big eities leads to severe eeologieal prob­
lems. e.g. surfaee sealing and habitat loss: Skyserapers of Yokohama (Japan) (Photo: 0. Bas­
tian 1993) 

For a long time, these extensive manifestations have not been restricted 
to industrialized nations, but have been increasing especially in developing 
countries in significance, population, and area more and more. The popula­
tion density and expanse of land in urban landscapes of the First and Third 
World countries vary greatly. The urban landscapes of Asian countries are 
the most compact, and those of North America and Australian are the most 
spacious and expansive. Despite the differences, all urban landscapes are 
indicating a tendency to reduce density. By externalizing urban functions 
from the city core into a diffuse, transition area between urban and agricul­
tural areas, surrounding agricultural/forested landscapes have been inte­
grated into the urban areas. The cause of this process and of the growth of 
urban landscapes is the availability of cheap automobile transportation and 
the provision and expansion of the required road infrastructure. Modern ur­
ban development without this prerequisite is unimaginable (Sieverts 1998, 
Figure 7.10-3). 

7.10.2 New discipline of science: Urban ecology 

The study of cities and urban landscapes from an ecological perspective 
is a new field of research. The reciprocal dependencies and relationships be­
tween organisms and their environment were initially contrary to biological 
research. Plant and animal communities, with their respective favored and 
disfavored environments, and their habitat (biotope) were being researched. 
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Along these lines, Central European research developed the term "Stadtöko­
logie" in the 1960s. The American term "urban ecology" has been in use 
since the 1920s, but its roots are exclusively sociological. "Urban ecology" 
as urban sociology describes the relationship between city and society. Re­
search of organisms and their environment in North America are summa­
rized as "urban wildlife". However, differing positions in the field of urban 
ecology exist even in German and European scientific literature . 

.• ~ 
PEKING 5.3 MIO. SHANGHAl 8.4 MIO. 

PHILADELPHIA 5.2 MIO. 

SEOUL &.3 MIO. 

" :',,' .. HONG KONG 4.5 MIO. 

NEW YORK 15.8 MIO.· 

Figure 7.10-3: A contrast 0/ housing developments (number 0/ inhabitallts and required area) 
([rom Sieverts 1998) 

Biologists claim urban ecology as a biological science: "Urban ecology 
in its most precise sense is the only branch of ecology encompassing urban 
plant and animal communities, biotopes, ecosystems, the organisms and 
habitat requirements of those ecosystems, as weil as structure, function, and 
history of urban ecosystems" (Wittig and Sukopp 1998). 

Since urban ecology - often despite its biological roots - came into being 
primarily as an applied science, the overwhelming, research-driving question 
was: How can the human-ecosystem-complex city be designed to be more 
people-friendly? "Urban ecology in the broadest sense is an integrated field 
of several sciences from different areas and from planning with the goal of 
an improvement of (human - author's addition) conditions and a long-term, 
environmentally-sustainable urban development." (Wittig and Sukopp 1998). 
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Each point of view is supported by a large number of representatives and 
scientific works, of which Wittig and Sukopp (1998) provide a good over­
Vlew. 

7.10.3 Urban ecology as urban-Iandscape-applied landscape ecology 

"The city" as a political entity or as a habitat-holding body is not the pri­
mary interest in research in landscape ecology. Here, the focus of study is 
the urban landscape itself. 

Urban landscapes do not consist of a single, independent ecosystem, but 
rather is a complex of many different ecosystems, which have symbiotic re­
lationships to each other and create complementary immediate surroundings. 
Physical differences within an urban landscape make them extremely dis­
tinct, and their functional needs are distinguished from dominant agricul­
tural/forested landscapes by the type and intensity (land use contrast), size, 
distribution, and amount of nearby intensively used areas (energy and mate­
rial input, landscape structure, landscape mosaic). 

Both the observation of cities with their surrounding, autonomous land­
scapes influenced by the built urban environment and the study of these 
landscapes with available landscape ecology research instruments open up 
new perspectives into understanding relationships within ecosystems and 
targeted planning and development. 

"Urban ecology is the application of landscape ecology. It provides the 
basis for alandscape ecology model of urban ecology and assurnes a com­
bined effect of geo-ecological factors among others. Natural-born and hu­
man-influenced factors have also been studied and placed in their political, 
social, and economical context, resulting in a very sophisticated model of 
urban ecology (due to its complexity). Currently, this model exists only as 
partial models, wh ich are quantifiable. The ecosystem models are regarded 
as subsystems, which are categorized under a standard function scheme ac­
cording to their module principle. This theory has not been discussed by 
practitioner until just recently" (Leser 1997, Figure 7.10-4). 

The urban ecosystem is a functional unit of a section of the geobio­
sphere. The combined effect of the natural-born (but no longer natural), 
abiotic (including human), and biotic factors is self-regulating, but exclu­
sively urban-industrially human-driven. The ecosystem can be described as a 
dynamically balanced system, always open to material and energetic influ­
ences. It requires, however, constant energy input from various sources to 
remain functional. Determining regulators for the functions of the urban eco­
system are the economic, political, and social relationships as "uses" in their 
broadest sense. They can form partially independent subsystems in the urban 
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ecosystem and simultaneously represent the urban ecosystem as fundamental 
parts (Leser 1997). 
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Figure 7.10-4: Model ofthe urban ecosystem (Sukopp 1973. 1998) 

The urban ecosystem can be modeled at different function levels by con­
sidering the dimensions (subtopological, topological, chorological), whereby 
differences in scale and content can allow one case to be more complexly 
worked and the next less complexly worked, without losing the integral base 
(Figure 7.10-5). The landscape ecology approach often reaches far into the 
area of human systems and involves causal research in urban problems. 
Müller (1979) describes, for example, the "urban ecosystems" as "biotopes 
of human activity" . 

7.10.4 Land use as a methodical base of analysis of urban landscapes 

In settled areas, primarily the utilization characterizes the pattern of ex­
pansion of organism types. Therefore, the foundation of the protection of 
natural areas in cities is to systematically record the most important types of 
land use in their existing vegetated state and a description of its ecological 
requirements to exist. The end product will reveal in which scales individual 
uses account for certain characteristics of a species in settled areas. It will 
also reveal which land uses resist species deficiency and under which condi-
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tions are measures towards "renaturalization" necessary (Sukopp et al. 
1980). 
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Figure 7.10-5: Model 0/ the urban ecosystem, taking partial systems and dimension levels 
into account 

Land use is the fundamental human process of acquiring space. Individ­
ual, group specific, or social, this process caIls for the demand for technical 
and natural conditions of the human environment. Land use is not astate of 
being, but rather a process. If the process is constantly reproduced, a delicate 
balance takes shape that depicts itself as land cover. Between land use and 
land cover exist close, but no explicit relationships. 

The perceived value for nature in cities that grew in the 1970s with the 
realization of the extent of loss to that point led to the demand for practical 
and manageable environmental protection in cities. A methodical instrument 
was required for this purpose. One ofthese was available in the "Mapping of 
protection-worthy biotopes in Bavaria" (Kaule 1975), which was distributed 
to almost aIl other German states in a similar form in the foIlowing ten years. 

Examples of species protection and landscape as weIl as functions of use 
and protection were the focus. For urban nature conservation, land use struc­
tures were interpreted as general starting point. The types of use that are 
bound to humans and their lifestyles also offered a new understanding of 
nature protection under urban conditions. Nature protection in the city 
should not nor is supposed to take on the primary role of species protection 
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for threatened plants and animals, as it normally assurnes in the open land­
scape. Its task involves to a much greater extent the deliberate preservation 
of living things and communities due to the importance of residents' direct 
contact with natural environmental elements (Sukopp et al. 1980, Sukopp 
and Weiler 1986). 

Because they recorded the structures of human acquisition of space, any 
kind of utilization (land use types) were predestined to serve the foundation 
of ecological physical categorization and nature protection strategies in the 
human habitat of the city. In the 1980s, nature protection oriented habitat 
maps in cities were often reduced to species and habitat protection. Often 
following a species distribution map was a register of plant and animal spe­
cies only oriented to species protection, since primarily biologists in the field 
were and are familiar with the problems. 

With initial programs for the surface-covering mapping of settled areas in 
1986, the land use-related recording of biotopes became the standard method 
(AG Methodik der Biotopkartierung im besiedelten Bereich 1986 and 1993). 

In the 1980s the issue of the illustration and organization of research re­
sults from differing disciplines within the urban realm came more strongly to 
the forefront. Landscape ecology which had up to that point strictly let cities 
go unnoticed as landscape parts, attempted to pose the challenge. The objec­
tive was to iIlustrate a c\earer physical and special perception from the giv­
ens in the urban landscape ecology. This was and is a project landscape ecol­
ogy had been doing for a long time outside of the urban realm (Neef 1963, 
Neef et al. 1961). Especially in the 1980s, work in urban landscape ecology 
increased (Billwitz 1977, Breuste 1985, 1989, Haase and Richter 1980, Hül­
busch 1982, Kaerkes 1985, Richter 1984, Schänfelder 1988). 

It became known, in geographical landscape research that the social func­
tion of areas is not necessarily of pressing importance for physical landscape 
organization. Organization depends much more on the "process of landscape 
influence and change" (Schrader 1985 = land use). "For assessments ofthe 
ecology of settled areas, the economic functions of land use types of settled 
areas do not appear to be meaningful, but rather the degree to which the 
landscape's natural material and energy balance are characterized" (Schrader 
1985). This is reflected in a distinct point of view, usually land use based, 
but in this instance originating from landscape ecology. According to types 
of use, ecological units of space, urban landscape units, and/or urban struc­
ture units were developed into physiognomically uniform characteristics 
(Breuste 1985, 1989, Duhme and Lecke 1986, Duhme and Pauleit 1992, 
Leykaufetal. 1989, Table 7.10-1). 
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Table 7.10-1: Structural and landscape ecology based physical organization 01 the city 01 
Leipzig. 

• residential land and land of mixed use 
city center 
detached curb-close apartment buiIdings with buiIt-up court yard (I 870-WW I) 
terraced curb-close apartment buildings with built-up courtyard (1870-WW I) 
detached curb-close apartment buildings with built-up courtyard (1900-WW II) 
terraced curb-close apartment buildings with built-up courtyard (1900-WW 11) 
free standing blocks offlats in rows (since WW I) 
large new prefabricated housing estates (since 1960) 
detached and semi-detached houses 
villas 
former village centers 

• industrial areas 
new, medium density industrial and commercial 
areas 
old, high density industrial and commercial areas 

• special estates 
large public facilities 
shopping centers 
public utilities and waste management plants 

• recreational areas 
parks and green spaces 
allotment 
cemeteries 
sports fields, playgrounds 

• infrastructural facilities 
• agricultural areas 
• woodlands 
• river and standing water 
• waste ground and chan ging 

areas 
• quarries, pits, mines and 

related facilities 

7.10.5 Natural science approaches to the complex urban ecosystem 

The classic topic of approaches to the study of urban ecosystems result 
from the scientific field of urban climate/air cleanliness; soil and water man­
agement; flora, vegetation, and fauna. 

Research in urban climate is one of the oldest approaches to the ecologi­
cal system of a city. By 1833, the book entitled "Climate of London" by the 
chemist Howard was already in its third edition. The advanced and techno­
logically possible meteorological observations quickly led to the realization 
of the peculiarities and the study of the causes of these peculiarities. Mobile 
survey vehicles and thematic maps enabled physical evidence of the thermal 
characteristics to be collected in the 20th century. Human-bioclimatological 
studies in the 1930s connected this century to prior works and affected city 
development and planning. The subject "urban climate" was born as a scien­
tific discipline with the publication of the textbook "Das Stadtklima" ("The 
Urban Climate") in 1937, and further developed in Landberg's "The Urban 
Climate" in 1981. The discipline iIlustrates a broad field of analytical re-
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search with applied-planning aspects as tools in the decision-making process 
of city development (KuttIer 1998). 

Not until the 1970s did urban soil research develop from the careful be­
ginnings of empirical application of classic soil analyses into the various an­
thropogenic substrates in cities. Geological formations and their ecological 
characteristics were studied and assessed. Sealed surfaces and their physical 
qualities began to be researched, since these ground surfaces were continu­
ally increasing in size in the urban landscape (climate functions and water 
management functions). Soil classifications were developed to produce 
comparisons between results. The first urban soil maps came out (Environ­
mental atlas of Berlin 1993). Especially the land use's influence on soil char­
acteristics was distinctly studied. The problem of pollutants (heavy metals, 
in particular) in urban soils increased in importance in research, and recently, 
questions regarding urban soil management and soil preservation have in­
creasingly come into light. While research predominantly took place in Cen­
tral Europe (especially Germany) in the 1970s and 80s, the research field is 
currently world-wide. 

A noticeable increase in the realization of the balance and perception of 
water management in the urban ecosystem only took place in the last 20 
years. Questions of groundwater replenishment and the load onto the ground 
water and infiltrated water gain significance for city and regional planning. 

Berlin was the first location of a biological study of an entire city area 
(Scholz 1956). The first detailed analysis of the flora of a metropolis was in 
1974 and also in Berlin (Kunick 1978). In the meantime, a variety of Euro­
pean cities were weil studied for their flora and vegetation. Exemplary 
works from other continents also came about. The first ecological observa­
tions began in the 1970s (Sukopp 1973). Meanwhile, queries into the bioin­
dication based on plants of air quality, thermal distinctions, nature protec­
tion, and urban biotope mapping. Studies of the spread of plant and plant 
communities and of the composition of flora required the recording of exist­
ing conditions on a small scale. Recently, protection and use of flora and 
vegetation in cities have not only stood at the center of interest of research­
ers, but also ofthe applied planners. 

Urban fauna ecology involves systematic investigation and description 
of occurrences, distribution, and changes in individual subjects along with 
their conditions and causes. Besides the characteristics of the urban fauna, 
questions about the shaping of the city population as metapopulations, the 
role of the resulting culture, its relation to use and biotope and species pro­
tection are also handled (Erz and Klausnitzer 1998). 
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7.10.6 Problems, perspectives and planning-related application 

Despite the various steps to the current state of research in urban land­
scapes and ecosystems and a vast diversity of existing individual findings, a 
common theoretical basis and an agreed upon methodical instrument was 
lacking. The objectives of the individual disciplines were often specific to a 
certain discipline and not always reported among the urban landscapes re­
search field. Nevertheless, the urban ecology research field as applied land­
scape ecology gained importance due perhaps to urban planning's increasing 
need for applicable ecological findings and due to the constant pressure in 
expanding cities. 

The practical demands strongly influence the direction the field presently 
takes. IncIuded in this are urban nature protection (from increasing denatu­
ralization), remote sensing methods (necessary for effective multitemporal 
monitoring of environmental conditions in face of change of use dynamies), 
applications of GIS-technologies (for data administration and for modeling 
of physical spaee and exposing relationships between partial systems), stud­
ies on the ecological functions of types of sealed surfaces and their ability to 
be altered (from inereasing hydrological and urban cIimate problems), mod­
eling of water management of city sections (required from inereasing short­
ages and purification problems, urban hydrology), and much more. 

It is beeoming more and more cIear that a variety of soeio-economic dis­
eiplines must be pulled in to help find explanations for the roots and effects 
of ecologieal eonditions. Sociology, economics, planning, and community 
political science play an inereasingly important role as faetors of develop­
ment. Of particular mention are further changes in the structure of urban 
landscapes caused by suburbanization, more specifieally its dynamically 
changing automobile-oriented infrastructure. 

The surrounding issues are the organization and proximity of other uses 
in urban landscapes, the environmental sustainability (see Chapter 7.9) and 
acceptance of uses, and the value of different types of natural areas and of 
urban landscapes of limited space. The preservation and development of the 
quality of life in urban landscapes in the face of eeonomically and soeially 
caused transformation is beeoming the crux of urban system eomplexes. The 
urban eeology as applied landscape ecology calls for extensive study on the 
functioning of components and ecosystems of urban landscapes, and for the 
eontribution of problem-related application of these findings. The major 
eh allen ge is the effeet on the shape oftomorrow's city. 



A. Bosshard & F. Klätzli 415 

7.11 Restoration Ecology 

7.11.1 Introduction 

The appreeiation that the establishment of nature reserves was not able to 
stop the dramatie loss of biotopes and its aeeompanied loss of speeies has 
lead to new paradigms in nature eonservation. The mainly defensive strate­
gies are being eompleted or replaeed by more affirmative ones, aiming to 
enlarge, eonneet and restore sites of high natural values, also in landseapes 
and areas that have suffered from various forms of destruetion. During the 
last deeade the number of projeets involving eeological restoration has mul­
tiplied, often supported by new legal frameworks (Bruns and Gilcher 1995). 
Restoration has advaneed to the leading issue of nature conservation - or 
more appropriately nature development - and the potential role for restora­
tion eeology is enormous (Edwards et al. 1997). 

In this chapter we give an overview on the eurrent aims and definitions 
and on the most important coneepts, strategies and teehniques of eeological 
restoration. We foeus mainly on Central European approaehes. 

7.11.2 Terms, topics and aims 

Restoration (German: Renaturierung) by its strictest definition implies a 
return to a former original state (Webster's New Collegiate Dictionary 1983). 
Ecological restoration aims to return ecosystems or biotopes to more natural 
states providing new living space for endangered, rare or typical organisms, 
and repelling organisms populating areas highly influeneed by human activi­
ti es (Klötzli 1991 a). The Society for Eeological Restoration (SER 1997 in 
Brülisauer and Klötzli 1998) defines ecological restoration as "the inten­
tional alteration of a site to establish a defined indigenous, historie ecosys­
tem. The goal of this process is to emulate the strueture, functioning, diver­
sity, and dynamics ofthe specified ecosystem". As a complete return to pre­
disturbance conditions is hardly ever possible, restoration usually means "re­
turning an ecosystem to a close approximation of its condition prior to dis­
turbance" (National Research Council 1992). However, sometimes restora­
tion in the strict sense is not a practical option. Possible reasons for a partial 
restoration (Jordan et al. 1987) are: 

we do not know how to do it properly, 
it will take too long, 
the environmental conditions have fundamentally changed, 
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the targeted ecosystem is not precise1y defined, and 
the historical state of an ecosystem is not known. 

Chapter 7 

Although most definitions of restoration refer to former, more natural and 
less "disturbed" states of an ecosystem, it is important to recognize that in 
many cases it is aimed to restore 

ecosystems which need regular disturbance by human actions, e.g. spe­
cies rich meadows by mowing or grazing, and 

- ecosystems with new properties or even with no historical reference 
(Lewis 1990). 

More general and suitable criteria for the essence of ecological restora-
tion therefore are: 

site adaptation, 
enhancement of self sustaining processes (including human ones, such as 
economic aspects in a long term view), and 
enhancement of locally typical and adapted biodiversity. 

A list of related terms to restoration in the field of conservation and resto­
ration biology is used in literature. The most important are defined as fol­
lows: 

Rehabilitation (German: Regeneration) is a broad term that may be used 
to refer to any attempt to restore elements of structure or function of an eco­
logical system, without necessarily attempting complete restoration, for ex­
ample replanting of sites to prevent erosion (Bradshaw 1997, Meffe and Car­
rol 1994). Rehabilitation is sometimes used informally as a general term for 
the re-creation of unspecified wildlife interest (Wheeler 1995). Reclamation 
refers to rehabilitative work carried out on the most severely degraded sites 
without aiming full restoration (Schaller and Sutton 1978). In Britain and 
North America, this term is used by many practitioners in the sense of "mak­
ing land fit for cultivation" (Bradshaw 1997). Ecological recovery means 
the self-driven succession letting the system return to previous state on its 
own (Brülisauer and Klötzli 1998). Recreation attempts to reconstruct an 
ecosystem, wholesale, on a site so severely disturbed that a restoration is not 
possible (Meffe and Carrol 1994) or the new creation e.g. as a substitute for 
a destroyed biotope on another place on a site where this type of biotope 
never existed before. Recultivation means the regeneration of ecosystems 
for cultivation purposes. 

7.11.3 History and objects of restoration and restoration ecology 

Since the emergence of restoration ecology in the 1970s, it has developed 
into an important branch of ecological research as weIl as a profession (Ed-
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wards et al. 1997). Until the beginning of the 1990s, the applied branch of 
restoration ecology in Central Europe focused on the one hand on the re­
creation of more or less natural habitats on special sites, mainly on moor­
lands and heaths (bibliography in Klötzli 1991 b, Pfadenhauer and Klötzli 
1996, Figure 7.11-1), and on the other hand increasingly on secondary sites 
such as old coal mines (Smith and Bradshaw 1979, Figure 7.11-2), road 
slopes (Stottele 1995), running waters (Brülisauer and Klötzli 1998) or de­
graded ski slopes (Schütz 1988). In particular, in North America, restoration 
ecology was used to describe the production of small-scale copies of dif­
ferent vegetation types (Jordan et al. 1995). 

Figure 7.11-1: In Lower Saxony (Germany), largeJens were exploitedJor peat. Now, many oJ 
them shall be rehabilitated Jor wildlife, a Jull restoration in a short run, however, is impossi­
ble (Photo: 0. Bastian 2001) 

At the end of the 1980s, the creation of hedges marked the first step of 
the applied restoration ecology from areas of special interest into the "normal 
(agri)cultural landscape" (Benjes 1991) - an ecosystem that was neglected 
or even "given up" both by the nature-protection and the ecological research. 
Since the beginning of the 1990s, this new focus on the (agri)cultural land­
scape has been supported by direct payments for farmers in Europe for par­
ticular ecological performances, Iike providing and cultivating habitats rich 
in species. Where these habitats were missing, they had to be created. 

Switzerland is a leading example with large areas of wildflower strips 
(Schaffner et al. 2000), species rich hay meadows (Bosshard 2000a) and 
other habitats that have been restored (e.g. Nentwig 2000, Pfadenhauer 
1990) while other European countries can show similar, if lesser, restoration. 
The latest new challenge for the restoration ecology arises from the struc-
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tural change leading to agricultural retreat; new solutions are required to 
recreate new landscapes, e.g. by extensive pasturing or reforestation. 

Figure 7.11-2: After opencast lignite mining in the Lusatian region artificiallakes are arising 
by the rising groundwater tabte. Thus, new multifunctionallandscapes can be developed: The 
former opencast mine Olbersdorfnear Zittau (Saxony, Germany) (Photo: 0. Bastian 1999) 

In situations where intensive agricultural production was present over a 
longer period, most of the targetted species disappeared from the seed bank 
of whole areas (Bosshard 1999) and must be re-introduced - mostly with 
commercial seed mixtures. A main bottleneck for many restoration projects 
today is the availability of ecologically adapted propagules of regional 
provenance (Keller and Kollmann 2000, Maunder 1992) - be it seeds or 
whole plants (Brown 1989). Meanwhile, in Switzerland, as in parts of Ger­
many and England, many nursery gardens and seed firms have responded to 
the demand for native, adapted plant eco-types. 

In many landscapes river ecosystems playa key role in maintaining re­
gional biodiversity. They provide a rieh variety ofhabitats for many rare and 
endangered species and carry out important hydrologieal functions for whole 
watersheds including ground water recharge. They can also act as buffer 
strips preventing non-point source pollution by agro-chemicals. In this way 
they contribute to an improvement of running water quality. In Europe, sev­
eral large-scale river restoration projects have been realized, or are in plan­
ning (Schiemer 1999), but also small-scale restorations are of great impor­
tance and implemented, e.g. in the canton of Zurich (CH) about 30 km be­
tween 1989 and 1998. 

The development of restoration ecology described so far shows how its 
meaning and range has strongly expanded (Bosshard 1999). Correspond-
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ingly, there is a need for new concepts and solutions. Instead of acres and 
hectares today often hundreds or thousands of hectares are of concern, and 
instead of special, mainly meso- or oligotrophie sites and special habitats 
solutions for whole landscapes with the whole range of mainly eutrophie 
soils have to be found. And more and more practitioners like farmers, or 
NGO's and public services in communities become important initiators and 
workers in restoration projects. And, last but not least, the restoration pro­
jects have to respect the demand for sustainable solutions also in economic 
and socio-cultural regard (see Chapter 7.12). 

7.11.4 Scientific knowledge and concepts of restoration 

To be successful, restoration depends on detailed knowledge of (1) struc­
tures, (2) functions and (3) interrelations within and between ecologieal sys­
tems. Since Bradshaw (1987) restoration ecology has often been defined as 
"the acid test for ecological theories". 

Ecosystem theories have developed from two distinct sets of assump­
tions. Classically, ecosystems are thought to reach stability through succes­
sion, after which processes are in dynamic equilibrium. This model suggests 
that systems are closed and self-regulating, that, during succession, ecosys­
tems will increasingly control the flow of marter and energy. Processes or 
events that move the ecosystem away from this equi!ibrium are considered 
disturbances (see Chapter 7.8). Disturbances are thought, under the classi­
cal view, to be exceptional. In contrast, the contemporary paradigm assurnes 
that ecosystems are open, can be regulated by extern al processes, and are 
subject to natural disturbances. They may have multiple and probabilistic 
successional stages (Gassmann et al. 2000), which at some cases may lead to 
multiple equilibria, while in other cases may fai! to reach an equilibrium, 
depending on the interrelation between too many surrounding conditions. 
Ecological theory has shifted to this contemporary view because both em­
pirical explorations of natural systems, as weil as the prominent failure of 
management based on older equilibrial assumptions, showed its limitations 
(Parker and Pickert 1997). 

Implicit in the contemporary approach to ecosystem dynamies is a re­
quirement to understand process and context: Processes refer to biotic and 
abiotic interactions (internal processes) and inputs or disturbances (external 
processes) that influence dynamies. Any process may influence a number of 
ecosystem characteristics simultaneously. If restoration is focused on re­
establishing functioning and self-sustaining systems, then recapturing the 
dynamics of systems may be dependent on ensuring that appropriate proc­
esses are returned or maintained. 
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Context contains both spatial and temporal aspects: Spatial context re­
fers to the geographic connections of the site of interest with the surrounding 
landscape. For example, differences in continuity of vegetation strongly in­
fluence the movement and propagation of a number of processes such as in­
vading species, gene flow, pathogens, etc. Temporal context: relates to the 
result of a historically unique combination of processes that have operated 
on that ecosystem, which we refer to as contingency. This crucial feature of 
complex systems is often neglected. Egler (1954) elaborated the concept of 
"Initial Floristic Composition" (IFC) which describes the biotic contingency, 
this has been expanded with empirical data by workers such as Fischer 
(1987). The concept influenced several recently applied restoration research 
projects (Bosshard 1999, PatzeIt and Pfadenhauer 1998). The IFC-concept 
refers to the idea that plants established from an earlier point in time -
maybe by chance or accidental c1imate - have an important or even decisive 
influence on the future development ofthe ecosystem. 

Today there is a consensus about the stochastic and dynamic character of 
restoration processes. It is generally accepted that the resuIts never can be 
predicted and planned in precise detail (Gassmann et al. 2000, Klötzli 1987). 
Thus, to a certain extent the development of a restored ecosystem has to be 
monitored permanently, and deviations of the targeted way have to be cor­
rected or adjusted by individual measures based on the knowledge of restora­
tion ecology (Table 7.11-1). 

7.11.5 Strategies and measures of restoration 

Within the manifold factors influencing the development and success of 
restoration, the following have a most decisive effect and, at the same time, 
have been objective of many studies (for an overview see e.g. Bakker and 
Berendse 1999, Bosshard 1999): 

- nutrient availability and their sustainable input: limitation ofN, Kor P in 
wetlands, 

- light availability, 
- water regime, 
- role of the actual vegetation including its seed bank, 

invading possibilities for plant and animal species, 
- size of the area, and 

disturbances. 

Most of these key factors can be manipulated in the frame of restoration 
projects. A (incomplete) systematic overview about the great range of avail­
able techniques and the respective suitability is given in Table 7.11-1. 
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Table 7.11-1: Strategies and measures ofrestoration - a provisiönal checklist. The decision 
about the suitable combina!ion of measures depends on the goals. the particular site condi­
!ions and the projectframe (finances. acceptance). Only selected references. containing addi­
tionalliterature 

measures decisive factors , 
particular prob­
lems 

initial measures: internal processes 
• introduction of plant propagules 

seed mixtures species composi­
ti on and seed 

introduction of col­
lected seeds 
distribution of plant 
material cut at seed 
maturity (hay) 

planting of single 
plants 

distribution of cut 
woody plants 

amounts, season 
of seed. site and 
cultivation in the 
first year 
ditto 

ditto 

competitiveness 
of surrounding 
vegetation 

• introduction ofliving plant communities 
transplantations and im- water regime, 
plantations (partial trans- subsoil conditions 
plantation) 

measures ofien 
in combination 
with ... I remarks 

seed into existing 
vegetation layer 
normally not 
successful 

particularly suit­
able 
for. 

mainly meadows, 
fens, pioneer and 
field flora 

ditto 

ditto 

small scale resto- ditto 
ration 

hedges 

fens 

hedges 
dry meadows 

references (ex­
amples) 

SER 1997, 
Keller and 
KoHmann 1998, 
Bosshard 1999 

Bosshard 1999 

Schiechtl 1973, 
Patzelt and 
Pfadenhauer 
1998 
Seeger and 
Pfadenhauer 
1996 
Benjes (1991) 

Bruns and 
Gilcher 1995, 
Kloetzli 1980, 
1987 
Reschke 1980, 
MOller 1990 

• introduction of consumers, destruents and symbiotic elements (e.g. mykorrhiza) Nowak and 

• manipulating the soil conditions 
top soil removal to de-eutrophication 
generate nutrient 
poor( er) conditions 
top soil compaction ditto 
soil deposition (e.g. ditto 
gravel or nutrient 
poor humus) 
initial fertilization 
incl. lime stock fer­
tilization 
soil acidification 

immobilization of 
soil nitrogen 
introduction of leg­
umes 
mcchanical loosening 
introduction of 
earthworms 

regulation of 
water regime 

ditto 
ruderal sites, 
floodplains 

meadows and 
fens on nutrient 
rich sites 
ditto 

difficult climatic 
conditions 

acid grasslands 
on arable soils 

Zaivanowits 
1982 

Marrs 1985 

Owen and Marrs 
2000 

by carbon addi- restoration of Török et al. 2000 
tion oligotrophic sites 
N-fixation ditto 

compacted soils 
difficult growing 
conditions 
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measures decisive factors, 
particular prob­
lems 

measures often particularly suit-

• 

introduction of 
mykorrhiza 

nutrient impoverish- soil type (sustain­
ment by extensivica- able nutrient 
tion I regular biomass input} 
removing 

in combination able 
with ... Iremarks for ... 

meadows and 
fens 

partial or complete destruction of the existing vegetation or reducing its vitality 
ploughing or repeated meadows and 
harrowing fens 
grazing ditto 

black plastic film ditto 
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references (ex­
amples) 

Nowak and 
Zaivanowits 
1982 
Briemle and 
Elsässer 1992, 
Pfadenhauer and 
Klötzli 1996 

Bosshard 1999 

Wittig et al. 
2000 
Bosshard 1999 

local regulation of water regime 
many different tech-
niques, e.g. film or 
c1ay layer for soil wa­
terproofing, ground 

rivers, fens Bruns and Gil­
cher 1995, 
Grootjans and 
van Duren 1995 

water manipulation 

• manipulation oftopography 

initial measures: external context 
manipulation/regulation of water regime 
single or permanent water nutrient 
intervention; many content 
different techniques, 
e.g. deletion of drain-
ages 

• 

river bed design Brülisauer and 
Klötzli 1998 

wetlands, riverine 
ecosystems 

Bruns and Gil­
eher 1995, 
Grootjans and 
van Duren 1995 

creating buffering zones 
extensification or 
abolishment of agri­
cultural use 

to avoid or reduce small islands of BUWAL 1994 
nutrient influx 

• creating ecological networks and stepping stones 

• 

extensively used to provide 
linear elements new/additional 
(hedges, field strips), habitats 
animal passages 
facilitate natural dynamic processes 
deletion of dams water regime 

manipulation of successional development 
• (re-)introduction ofmowing or grazing 

different regimes of 
cuttinglpasturing 

• herbicides 

• 

• 

• 

regular cutting of 
trees and shrubs 
periodical distur­
bance of the soil 
elimination of invasive plants 
manual picking, 
herbicides, films, 
grazing 

wetlands, riverine 
ecosystems 

cultural land­
scapes 

riverine 
ecosystems 

fens , grassland, 
forests 
cultivated eco­
systems 
grass land, woods 

gravel pits, rud­
eral sites 

grass land 

Benjes 1991, 
Jedicke 1990, 
Amler et al. 
1999 

Brülisauer and 
Klötzli 1998, 
Schlüter 1992 

Hald and Vinter 
2000 
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7.11.6 Limits and potentials ofrestoration 

Besides the limits in controlling the development of a complex system 
mentioned above, there are principal limits regarding time, environmental 
quality, spatial and budgetary restrictions. 

The time factor, as far as it is system-inherent, is more or less incapable 
of being manipulated. Comparable to the development of an individual or­
ganism, an ecosystem passes through phases of youth to maturity. Pioneer 
habitats can be established within few years, for grasslands a youth phase of 
at least 10 years is expected, forests need 50-200 years or more, while eco­
systems based on mature soil accumulation, for example bogs, need a deve­
lopment time of 200-5000 years to reach a mature state (Bradshaw 1997, 
Klötzli 1991 a) and are, therefore, more or less impossible to be restored if 
completely destroyed. 

Moreover, restoration projects often have to deal with fundamentally 
changed environmental conditions compared with the reference state be it 
locally (e.g. eutrophicated soil, pollution, changed groundwater table) or 
global (climatic change), be it regarding biotic (e.g. - alien or autochthone -
invasive plant species) or anthropogenic (e.g. mowing teehniques, distur­
bance) factors. Thus, normally it is impossible to recreate the "original state" 
of an ecosystem. 

Nevertheless, the value of restored ecosystems for nature and landscape 
can be extraordinarily high even while still in their youth phase after a few 
years, in particular when endangered species find a new habitat or in de­
stroyed landscapes where restoration is the only way to reintroduce a certain 
bio- and landscape diversity, as in intensively agriculturally used landscapes. 

7.11.7 Restoration in practice: Objective, acceptance, monitoring 

There is one fundamentally indisputable general principle of restoration 
practice and policy: Restoration must never be a reason to destroy and re­
place existing ecosystems. Nature from second hand has always comes off 
second best against the primordial protection of existing natural values. 

A further important point of any restoration practice is to ensure an 
adapted, cost efficient, but scientifically rigorous monitoring (see Chapter 
4.2). Monitoring is an effective and possibly the only way, which allows 

rational reactions to unpredicted developments in a given project, 
suitable targets to be defined as weil as 
enlargement of pragmatic knowledge about restoration techniques and 
ecology. 
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This issue often is recognized too late or cannot be financed since the 
costs are not marginal and the value often is difficuIt to communicate to the 
sponsor, which wants to use the money for "visible things". 

Only by an explicit identification and definition of the objectives and 
goals of a project can restoration ecology be truly valued (Bakker et al. 
2000). The aims have to respect the unique context of each project - taking 
into account at the same time ecological (e.g. site conditions), historical (e.g. 
former state of the site), cultural, economical or social aspects (Bosshard 
2000b). One component of this context consists of facts, another of va lues. 
The simultaneous implementation of both is decisive for sustainable solu­
tions in practice. For example, top soil removing in ecological respect is a 
very successful method to restore species rich meadows, but is normally not 
accepted by farmers because destroying their most important good: soil fer­
tility (Bosshard 1999). Moreover, for a large-scale implementation the finan­
cial requirements of this technique are too high. A good cost-benefit ratio 
therefore is an important prerequisite for a successful realization. There is a 
c\ear need for techniques, which are cheap to be applied over a large scale so 
that projects are financially viable even in developing countries (Edwards et 
al. 1997). 

7.11.8 Outlook 

While restoration ecology is a matter of science, practical ecological res­
toration is a highly inter- and trans-disciplinary issue. It touches the core of 
the contemporary crisis of environment and contains perspectives that can 
contribute to a new relation between man and nature. In this tension between 
scientific, societal and practical requirements restoration ecologists have to 
be aware of the - permanently chan ging - value system of the society that 
they serve. They must communicate with and motivate society on the targets 
and perspectives of ecological restoration. 

7.12 Participation of different actors in alandscape 

7.12.1 Introduction 

Since nature conservation and ecologicallandscape planning has dared to 
venture out of the designated conservation areas and thus out of a legally 
well-regulated area into the entire, "unprotected" landscape, there was one 
experience wh ich impresses itself on the majority of the projects. The more 
detailed, all encompassing and polished the ecological planning was, the less 
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people were concerned and the less politicians wanted to know about it. In 
many European countries, piles of inventories, infra-structural planning and 
cultivated landscape concepts disappeared forever in official desk drawers 
(Zillessen 1993). No trace was left in the landscape, except for irritated 
farmers and other local stakeholders, who once again feit that "those at the 
top" only wanted to provoke them. 

The reasons for opposition to and ineffectiveness of the landscape plan­
ning are not seen as arising from the content, aims or related restrictions, but 
the "how" of its development and communication (Wierbinski 1998). In par­
ticular the prevalent "decide-announce-defend approach" (Neugebauer 1999) 
provoked fundamental communication blockades. In the search for solutions, 
participation of the stakeholders emerged as a new paradigm for the process 
of planning and was recognized and established more and more as a prereq­
uisite for asound, sustainable planning approach. 

For many committed ecologists, conservationists and planners the par­
ticipation paradigm was and still is an unloved challenge. They argue that 
once again nature suffers when compromises have to be made, which differ 
from the ideal case scenario and - although seldom said - many fee I of­
fended by the lack of respect of their expertise and in their professional 
pride. 

But reality contradicts both fears. Experiences with implemented plan­
ning projects, as weil as epistemological considerations, show that asound 
participative planning process leads to more creative, better site adapted and 
sounder results, both ecologically and socially. 

The recognition of the fundamental importance of participation for a sus­
tainable development of landscapes is related to the emergence of a similarly 
new role for the planners and ecologists within the planning process (Luz 
and Weiland 2001 , see Chapters 7.1.5 and 7.9.6). Experts renounce their 
former authority and infallibility and become members ofthe planning proc­
ess mediating (Bosshard 2000b). 

Some reasons, prerequisites, perspectives and limits concerning the im­
portance and potential of participative approaches for applied landscape 
ecology are outlined in this chapter, based on a literature review and experi­
ences mainly in the German language area. 

7.12.2 What is participation? 

Participation in its fundamental sense is a process where different actors 
with different functions or within different hierarchical levels physically 
and/or mentally co-operate voluntarily. In landscape planning and landscape 
ecology, participation is also used in the sense of a method or instrument 
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supporting or ensuring a self-motivated co-operation between different ac­
tors. 

Koppen (1995) distinguishes three types of participation representing dif­
ferent degrees of involvement of societal groups or different actors into a 
valuation or decision making process: consultation, negotiation and consen­
sus-building. The most consequent form of participation is consensus­
building. It is possible if the parties recognize and believe that safe-guarding 
the interests of every party is the only guarantee for a stable, durable solu­
tion, and that the integration of different views is a useful way to detect and 
develop better solutions. 

Participation in a comprehensive sense incIudes the following elements: 
Dialog, mutual interest with the conviction of the synergistic nature of dif­
ferent interests, ideas and viewpoints, the possibility to discuss both aims 
and measures, complementary role of experts and stakeholders, structures 
guiding the discursive process, subsidiarity in the sense of decision making 
on the level where it is most adequate (Bosshard 2000b). 

7.12.3 Epistemological considerations 

A basic step in every (landscape ) planning approach is to outline the aims 
of a lay-out of the actual landscape status in relation to these aims. Both 
parts need an implicit or explicit definition of what is a "good landscape". 
From an epistemological point of view, the definition and assessment of 
landscape quality can never be "objective" - in the sense of generally valid 
(Bastian 2002, Bosshard 1997). Rather, every validation and every rationally 
motivated aim, even every statement or simple fact depends on the personal 
viewpoint from which the statement or valuation is derived (see Chapters 5.3 
and 7.2). This is equally true for both experts and stakeholders. "What we 
observe, is not nature itself, but nature exposed to a particular question" 
(Heisenberg 1984). An everyday landscape planning database, Iike the actual 
vegetation, is not just a fact, but a consequence of the culturally prevalent 
viewpoint of bio-diversity. Only 100 years ago, not a single planner would 
have considered the distribution of plants as a component of planning, even 
though species were known and a lot of information may have been avail­
able (Bosshard 1996). 

Which question we ask, what we accept as fact, how we view nature or a 
landscape, and whether we consider things to be good or bad, depends on 
our point of view. The latter, at least, is dominated by three aspects 
(Bosshard 1997): 

- temporary, socio-culturally prevalent ideas ofvalues, 
- the physical project situation, and 
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- the personal background. 

Nevertheless, as Bastian (2002) and Bosshard (2000b) showed, this does 
not mean that objectivity, facts or "truth" has to be considered as an illusion 
as nihilism or relativism claims, but that objectivity must be understood as a 
process which is driven by the complementary relation between different 
viewpoints. One of the most effective way to achieve an acceptable reality is 
the participative method confronting different viewpoints of the actors and 
leading to a new, landscape-specific synthesis (Bosshard 2000c). This proc­
ess is able to generate suitable viewpoints and aims for the development of a 
given landscape in a given planning frame, and at the same time to clearly 
distinguish between suitable and less suitable viewpoints in this given con­
text (Colquhoun 1997). Participation thus is an instrument of landscape rec­
ognition and landscape shaping, inside (mentally) as weil as outside (in the 
visible landscape). In an epistemological perspective landscape ecology can 
therefore be defined as an integrative manner accommodating different 
views and approaches based on the concept of complementarity (Bastian 
2001). 

A scientific method to deal with this issue is ca lied heuristics, based on 
contributions mainly by Fleck (1935), Habermas (1981) and Popper (1934). 
Wiegleb (1997) called this approach - when applied to landscape planning -
discursive paradigm development (see Chapter 7.l.5). Bosshard (2000b) 
developed a methodology for an implementation of the approach in planning 
projects and describes experiences of its application. The iterative and par­
ticipative procedure of explicit assessment allows the development of quan­
titative or qualitative aims for particular situations. The central element of 
the method is achecklist, a hierarchically structured collection of viewpoints 
to be reflected. Based on game theoretical considerations, Axelrod (1984) 
was able to show that cooperative discursive behavior results in an optimal 
joint solution and at the same time leads to the best individual results. A 
situation primarily perceived to be zero-sum may turn out to have a positive­
sum. 

These short philosophical and theoretical considerations shall underline 
the fundamental importance of participative, consensus-building processes 
for planning and particularly landscape planning with its inherent complex­
ity, as weil as landscape ecology itself. 

7.12.4 Encouraging experiences with participative approaches 

The paradigm of participation, cooperation and consensus-building has 
meanwhile has overcome the status of a theoretical approach, rather it is able 
to refer to a broad basis of - predominantly successful - project outcomes, 
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both from the point of view of local people and of planners/govemmental 
authorities. Not only are the results socially long-standing, in some projects 
they even surpassed conventional nature conservation planning both qualita­
tively and quantitatively, in part through the creative potential of the indi­
viduals involved (Bosshard and Gfeller 1992). 

Based on an analysis of projects with a participative approach (e.g. Blum 
et al. 2000, Bosshard 2000b), lists of important traits for the success of a 
participative approach have been produced. Some are summarized here: 

Successful projects were characterized by the formulation and communi­
cation of concrete aims and sub-aims. These aims were not treated as sac­
rosanct, but were adapted if demanded by new developments. 

In most successful projects key individuals could be identified, who had 
a particular "process competence" (i.e. a capability to recognize problem 
situations and to react in a flexible, creative way, combined with a broad 
knowledge of the relevant facts). They also showed a particular project en­
gagement and thus being able to integrate different interest groups and per­
sonalities into the project process on the basis of confidence. 

Participative projects are successful if every group concemed has a more 
or less vital interest in several aims of the project. 

Suitable, c1ear project organization provides transparency conceming 
the roles and competencies of the actors involved and also assures a frame­
work for a fruitful communication. Furthermore, the adaptation of a given 
project structure to new situations was analyzed as a success factor . A par­
ticular role was played by permanent working groups, in which local actors 
were involved, and by particular communication concepts. 

The regional scale of projects allows the development of solutions that 
were adapted to the local ecological and socio-cultural particulars. Con­
versely a uniform system would lead to an undesirable homogeneity of the 
landscape. 

Methods, such as exercises introduced by ski lied artists, scientists and 
planners, excursions or written information are able to raise the interest and 
motivation of the people concemed. Such encouragement leads to participa­
ti on in the common process of landscape recognition and landscape shaping 
both mentally as weil as the visible landscape. 

7.12.5 Challenges, perspectives and limits of dialectic approaches 

A participative planning strategy is not a simple approach; in reality the 
process is often blocked by many difficulties. Some challenges are to be 
mentioned here. 

Renn and Webler (1992) give a list of traits that should be realized for 
successful participative discourses, these include awareness of the partici-
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pants of the different rationalities and viewpoints of partners and the readi­
ness to find joint solutions. Further, they give hints how these requirements 
are to be implemented. 

An effective measure to support a successful process is the inclusion of 
mediation. Mediation is a method of settling an argument between parties 
by a neutral third person, the mediator. He actively takes part in finding a 
solution and keeps the planning process evolving. It is important to involve a 
mediator from the beginning of the project, not only when conflicts arise. 
Moreover, this person has to be professionally and ideologically neutral or 
an "outsider", who is equally accepted by every party (Knöpfel 1995, 
Neugebauer 1999). 

The time needed for communication in participative projects is high 
and easily exceeds a third of the total planning budget. This has to be taken 
into account from the beginning, although this could aggravate the financing 
of a project. Nevertheless, in the long run successful participative projects 
often prove to be particularly cost-effective. An approach based on insight 
and responsibility will motivate people to invest their own efforts (Bosshard 
1997). 

Another difficulty for the start of new participative projects is that the fi­
nancing bodies often want to know the results of a project beforehand. This 
demand is not compatible with participative methods, as the results are 
shaped by the process itself, and are thus not predictable. 

How participative projects may work, will be outlined on behalf of two 
widespread project concepts in the following section. 

7.12.6 Successful examples for a participative planning approach 

A new policy with particular relevance to landscape and with a conse­
quently participative approach is Local Agenda 21. It was first mentioned in 
Chapter 28 of Agenda 21, the United Nations' document agreed by world 
leaders in 1992, to promote the principle of sustainable development (see 
Chapters 7.1 and 7.9). It calls upon alliocal authorities/municipalities world­
wide to draw up and implement local plans of action for sustainable devel­
opment, in partnership with all stakeholders in the local community. Trans­
lating the well-known slogan "Think globally - act locally" into practice. 
Local authorities throughout Europe are increasingly using the Local Agenda 
21 process to agree and implement local strategies for sustainable develop­
ment. Internationally over 2,000 local authorities in 64 different countries 
are already engaged in the process, and of these about 1,000 are in Europe 
(Morris 2001). 

Local Agenda 21 is the process that aims to involve local people and 
communities in the design of a way of life that can be sustained and thus 
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protect the quality of life. Local authorities work in partnership with all sec­
tors of the local community to draw up action plans to implement sustain­
ability at the local level. 

The participative quality of Local Agenda 21 is based on a number of 
principles (Morris 2001): 

recognizing the key role of local authorities in achieving local sustain­
ability, 

- showing global responsibility - both by reducing our own environmental 
impact and our effect on distant communities, 
sharing ideas and expertise with others, particularly in developing coun­
tri es, to help them minimize their own environmental impact, 
participation of all sectors in the local community, and supporting local 
democratic processes, and 

- integration of environmental, social, economic and cultural issues and 
quality of life of alliocal people. 

Seven components build up a Local Agenda 21 process: 

managing and improving the local sustainability performance, 
integrating sustainability into the local projects, plans, policies and activi­
ti es, 

- awareness raising and education, 
consulting and involving the wider community and the general public, 
partnership action, 
producing a local sustainability strategy or action plan, and 

- measuring, monitoring, reporting and reviewing progress. 

Another example for a new participative planning instrument with par­
ticular relevance for landscapes are Landscape development concepts, ab­
breviated to LEK (from the German: Landschaftsentwicklungskonzepte). 
LEK represent the implementation level of the Landscape Concept of Swit­
zerland and was accepted as guideline by the Upper House of Parliament in 
1998. LEK take place on local or regional sc ale within the existing legal 
framework and aim to bring or to improve the process of a sustainable land­
scape development in a holistic way. LEK operate on a voluntary basis using 
i.e. economic incentives and are understood as processes, both with ecologi­
cal and socio-cultural consequences. Targets, methods and results are being 
evaluated, discussed and adapted continuously between groups of experts as 
weB as between stakeholders and experts. The experiences of this novel par­
ticipative approach are promising. Since the beginning of 2001, apart of di­
rect payments for agriculture therefore are linked with the existence of LEK 
projects. 
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Both instruments, Agenda 21 as weil as LEK, recognize that local au­
thorities/municipalities have a crucial role to play in sustainable develop­
ment because they: 

represent and work on behalf ofthe local community, 
possess important local knowledge, 
carry out, commission or influence many ofthe services on which local 
quality of life depends, 
manage/own large parts ofthe built and natural environment, 
dispose on instruments and education, advice, and information, 
can catalyze partnerships with local economy, interest groups or consum­
ers. 

7.12.7 Conclusion 

In which landscape do we want to live? This question is the fundamental 
motivation for research in landscape ecology and for landscape planning it­
self (Figure 7.12-1). At the same time, the question is fundamentally of so­
cial concern and cannot be delegated to landscape ecologists and planners. 
Landscape ecology therefore is a science with a strong social interrelation. 
Participation is a basic tool to respect and implement this epistemological 
interrelation in asound, suitable and fruitful way. 

Figure 7.12-1,' In which landscape do we want to live? The answer to this question is funda­
ment and motivation to all research in landscape ecology and to all landscape planning pro­
jects,' Ortisei (St. Ulrich in Southern Tyrol. Italy) (Photo: 0. Bastian 1998) 

The poor acceptance, high failure rate and the ineffectiveness of the 
"classical" top down or decide-announce-defend planning approach supports 
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this theoretical consideration. It seems that no real development or sustain­
able realization of ecological and esthetical visions can be achieved in the 
landscape without the involvement of the stakeholders. In a modern society 
with its democratic consciousness stakeholders are needed to help in formu­
lating the objectives and implementing measures right from the start. 

However, the participation paradigm must not only be regarded as an in­
strument to solve conflicts or raise the acceptance or efficiency of a project. 
In this restricted sense, participation encompasses the danger of a suggestive, 
dishonest concept, trying to get round the resistance of stakeholders. Partici­
pation in its effective, fundamental sense, based on the epistemological prin­
ciples of complementarity, includes the conviction that participative solu­
tions will also be more creative, better balanced and sound - in short better -
than planning resulting from the contributions of a few planners or biolo­
gists. 

The consequence is, that applied landscape ecology no longer should be 
considered as a scientific and technical field, but has to include inherently 
the socio-cultural context which is part of every landscape. 
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Glossary 

abundance: number of organisms related to an area or time unit 
archeophytes: plants introduced in pre- and early historical time 
area (range): geographical space inhabited by individuals, populations, and species 
attendant plan of landscape management (German: Landschaftspflegerischer Begleitplan): 

describes the major long-term effects of a proposed action on nature and environ­
ment. It shows the steps required to avoid and reduction of environmental nuisances 
caused by the project as weil as the steps to compensate for unavoidable impacts. It 
completes the -7 environmental impact study 

barrier: spatial obstacle between similar -7 patches 
benefit principle: analysis of complex action alternatives to serve the purpose of ordering the 

stake-holders' preferences regarding a multidimensional target system 
biocoenosis: assemblage or community of plants and animals with the same or similar eco­

logical demands in a distinct area (-7 biotope) 
biocomplexity: functional diversity of organisms, communities and -7 ecosystems 
biodiversity: qualitative, quantitative and functional diversity of biotic -7 landscape com­

partments (organisms, communities and ecosystems) 
bioindicator: organisms or their community whose life functions are correlated to certain en­

vironmental factors so tightly that they can be used as apointer for this phenome­
non 

biosphere: the part of the earth populated by organisms; the ecosystems as a whole 
biotope: separated living space of a specific community of plants and animals (-7 biocoeno­

sis) characterized by uniform living conditions; the term has astronger synecologi­
cal focus than -7 habitat 

biotope complex: association of single single biotopes occurring at more or less regular inter­
vals 

biotope mapping (habitat mapping): registration and cartographic presentation of biotopes 
valuable for -7 nature conservation (selective biotope mapping) or of all biotope 
types within an area independently of their value for nature conservation (exhaus­
tive biotope mapping) 

biotope network (biotope cross-link net): spatial connection of biotopes realized only via 
functional relationships of organisms or communities (-7 connectivity) 

biotope type: group of kindred or similar single biotopes 

477 
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biotope value (habitat value): degree of suitability of an area as a living space for plant and 
animal species 

boundary: edge of a 7 patch, a 7 landscape element, or a 7 landscape unit 
buffer: transitional area acting as a filter or a mitigator of disturbance processes 
buffering: capacity of an environmental medium (e.g. soil) to withstand changes in one (or 

several) ofits parameters (e.g. pH-value) 
capacity of the landscape to perform its essential functions: ability to yield ecological out­

comes (functions, potentials) depending on the spatial-material structure, function, 
and dynamic as weil as the materials, energy, and processes of landscape ecosys­
tems 

care of the countryside: totality of all measures (inc1uding 7 nature conservation, and 7 
landscape management) to sustain and develop landscapes 

carrying capacity: the maximum admissible use of ecosystems in their landscape, compatible 
with the long-term preservation or reproduction of the necessary basic conditions 

catchment area, drainage area: area delimited by surface or subsurface watersheds draining to 
a specific point 

catena: general typical two-dimensional sequence of 7 ecosystems / 7 ecotopes along an 
ecological gradient; in soil sciences also a soil sequence 

characteristic: special combination of natural and cultural elements in alandscape which, as a 
rule, has developed over a long historical period. It is an essential part of the 7 
landscape image 

chorological (7 dimension): related to the investigation of heterogeneous areas (patterns, 
mosaics) consisting of 7 topological basic units 

c1imate change: global change ofthe c1imate referring mainly to the rise in temperature during 
the recent decades, but also to changes in precipitation, radiation and glaciation 

connectedness: refers to structural links between elements of the spatial structure of a land-
scape, and can be described from mappable elements 

connectivity: degree offunctional connection within alandscape 
corridor: spatial connection between similar 7 patches 
cultural landscape: 1. alandscape dominated ecosystems modified by humans; 2. 7 historical 

landscape worthy of protection 
devastation: far-reaching, usually irreversible destruction of ecosystems and landscapes 
digital terrain model (DTM): digital storage of elevation data in regular or irregular networks 

(especially triangulation) with analytical functions and presentation tools 
dimension: domain with the same textual information and adequate scale interval requiring a 

certain spatial order of size of the objects investigated as weil as a specific intensity 
of analysis and synthesis; reflected in the selection of features denoting the selected 
objects (7 topological, 7 chorological, regional, globallzonal dimension) 

disciplinarity: differentiation and (especially historical) boundaries within sciences. Within 
disciplinarity, there are different degrees of effort to contact other disciplines, from 
mono- via multi- and pluri- to crossdisciplinarity 

distribution area: area of occurrence of a taxonomic unit (genus, species, subspecies, popula-
tion) ofplants or animals 

disturbance: spatial event that leave effects in alandscape 
disturbance regime: pattern of different disturbances in time and space across landscapes 
diversity: measure of the variety of phenotypes (structures, species) and the evenness of their 

distribution associated with a biocoenosis, an ecosystem, or a spatial unit (7 land­
scape diversity) 

drainage: artificial regulation ofthe 7 soil water balance 
ecochore: (choros: greek "space"): a spatial manifestation of multiple 7 ecotopes of different 

structure and functioning spatially connected with each other and organized by a 
new emerging structure and functioning on a higher level of abstraction. Ecochores 
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represent the landscape sphere and its related systems of landscape complexes (~ 
ecosystems) within the ~ chorological dimension (spatial meso scale) 

ecofactor: I. part of ~ landscape factor; 2. abiotic factor necessary for Iife; 3. biotic factor 
influencing other ecofactors 

ecological assessment: evaluation of landscape elements and landscapes with respect to their 
ecological capacity 

ecological balance sheet analysis: comparative estimation of the landscape capacity before 
and after an interference 

ecological complexity: functional diversity among ~ landscape elements and compartments, 
including interactions between soil and biota, or between the atmosphere and the 
vegetation 

ecological connection matrix: method of combining single features into a general statement 
within the framework of ecological assessment 

ecological indicator value : recognizable ecological responses of plants to site conditions in 
their natural competitive milieu 

ecological planning: planning urgently aimed at the preservation of the basis of the livelihood 
basis of man, animals and plants and at the reduction or prevention of damaging ef­
fects on the natural balance 

ecological risk assessment: methodology to c1arify mutual influences on the landscape bal­
ance by different land use processes. First, the single ~ indicators are combined to 
"the intensity ofpotential impairments" and to "the sensitivity to impacts", and then, 
to "the risk of impairments" 

ecological-sociological group: group ofplant species responding in a similar way to important 
site factors and therefore associated in nature 

ecology: science of the interactions between organisms and their abiotic environment; science 
ofthe structure, function, and development ofthe environment 

econ: a definite part of the landscape with vertical structure of landscape components. These 
components determine characteristic processes between the ~ landscape compart­
ment spheres. Thus, an econ is a small delimitable area that has been chosen out of 
a larger ~ landscape unit serving as a basis for the analysis of vertical landscape 
structure and functioning 

ecosphere: portions ofthe universe favorable for living organisms and in which all ecological 
processes are contained 

ecosystem: functional unit of the ~ ecosphere, consisting of Iiving beings, and natural abiotic 
and man-made components which are interrelated and interacting with their ~ en­
vironment through energetic, material and information processes 

ecotone: contact or transition zone between adjacent ecosystems having a set of characteris­
tics uniquely defined by spatial and temporal dimensions, and by the strength of in­
teractions between their adjacent ecosystems. An ecotone can vary in size and eco­
logical functioning 

ecotope (greek "topos": locality): the elementary unit of alandscape, homogeneous for a par­
ticular pattern or function 

ecotope pattern: ecological spatial unit consisting of several ~ ecotopes characterized by 
typical structures, processes, and interrelations 

edaphic factors: soil factors like water and nutrient availability, pH-value, texture 
edaphon: the totality of organisms living in the soil 
edge effect: the presence of higher concentrations of organisms at the edges of an ecosystem / 

a ~ patch 
emergence (latin: emergere = to emerge, to co me forth from an inferior position into one of 

superiority): change of ecological content conceived as characterized by the appear­
ance at different spatial dimensions (or different levels of abstraction) of wholly 
new and unpredictable characteristics or qualities through the rearrangement of pre­
existent entities 
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environment: organisms' surroundings and their community with the totality of factors influ­
encing them 

environmental impact, environmental interference: alteration of shape or use of landscape 
parts impairing the natural processes and capacity or the landscape itself considera­
bly 

environmental impact assessment: examination of possible effects of proposed actions on the 
natural and cultural environment. The projects which must be checked (like refiner­
ies, steelworks, highways, airports) are listed. It was introduced in Europe during 
the 1980s with the main purpose to avoid environmental nuisances before they arise 

environmental impact study: describes the major effects of a proposed action on environ­
mental resources and potentials. It describes steps that should be taken to avoid and 
to reduce environmental nuisances caused by the project. The environmental impact 
study is a document which must be submitted to national or regional authorities for 
the environmental impact assessment 

environmental protection: totality of measures taken to maintain the basis of natural liveli­
hood 

environmental regime: pattern of different environmental conditions in time and space across 
landscapes 

environmentally sustainable development: part of -7 sustainability. It comprises the primarily 
ecological aspects : compatibility of societal and economic forms of resource use 
with the -7 carrying capacity of the -7 environment; in environmental-economic 
terms: an increase in the efficiency of resource use; in socio-ecological terms: the 
modification and replacement of resource-wasting lifestyles and patterns of con­
sumption and production, i.e. sufficiency. Institutional aspects comprise organisa­
tional and procedural aspects including the practitioners, who promote and put into 
effect environmentally sustainable development 

equilibrium, ecological: relatively stable state of ecosystems characterized by self-regulating 
capability 

eutrophication: enrichment ofnutrients leading to changes within (parts of) an ecosystem 
evaporation : water evaporation from soil surfaces and from water bodies 
evapotranspiration: sum of water evaporating from plants (by transpiration), and from soils 

and water bodies 
exchange capacity: totality of ions fixed to c1ay minerals and humus in an exchangeable man­

ner 
extensification: decreased input of yield-promoting resources and/or labor per unit area (re-

striction or relinquishment of use) 
fallow field: field in which crop cultivation for one or several years 
field-moisture capacity: measure of the natural water storage capacity of soils 
filter function : abi Iity of the soil to retain, precipitate or transform coarse, colloid or finely 

dispersed substances, so that the quality of surface or subsurface water is not im­
paired 

filtering capacity: maximum amount of pollutants including toxic chemical or biological sub­
stances that can be retained by soil without attaining the groundwater 

flora: totality of plant species in an area 
footprint, ecological: the equivalent area of productive land and aquatic ecosystems required 

to produce the resources used, and to assimilate the wastes produced, by a defined 
population at a specified material standard of Iiving, wherever on earth that land 
may be located 

fragmentation: I. degree of functional disconnection within alandscape; 2. a process by 
which forest cover is opened and isolated woodlots are created 

geobiocoenosis: broadly synonymous with ~ ecosystem 
geocomplex: relatively c10sed sub set of the natural environment whose -7 geocomponents 

interconnect resulting in a homogeneously reacting framework of effects 
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geocomponent: relevant component of the -7 geocomplex, which is characterized by various 
features and is composed of several -7 geoelements (e.g. humus layer, mineral soil, 
soil moisture regime) 

geoelement: basic component of the ~ geocomponents; it can be measured (e.g. soil pH-
value, clay content ofthe soil, slope declination, species number) 

geographical information system: -7 landscape information system 
geotope: ~ ecotope 
global change: environmental changes at the global scale including changes of cl i mate, radia­

tion, sea level, sedimentation, land use, species invasions and energy cycling 
green tourism: the concept demands a deeper consideration of environmental and social con­

cerns in tourism instead of solely focussing on economic benefit 
groundwater protection function: natural ability of the landscape to protect groundwater 

against pollutants due to the structure of the covering layers as weil as vegetation 
cover 

groundwater recharge: input of infiltrating water to groundwater 
group of species: plant or animal species having equal or similar ecological and/or systematic 

characteristics 
habitat: characteristic living space or site of a species. The term has a stronger autecological 

focus than -7 biotope 
habitat connection (compound biotope): sum of area-related (direct) contacts between bio­

topes 
habitat structure: characteristic features of a vegetation stand as weil as of abiotic landscape 

elements which are essential for the existence of certain animal species 
hemeroby: degree of human influence on a habitat or on the vegetation cover compared with 

the natural conditions (-7 naturalness) 
hierarchy: considers a system as part of a larger system, and composed in its turn of subsys­

tems 
historical landscape: landscape with predominant elements that are adapted to historical con­

ditions of land use 
holism: comprehensive ecological approach; the features of the units of the higher hierarchi­

callevel cannot explain as the mere sum of its parts 
humus: totality ofthe dead organic soil substances ofplant or animalorigin 
incidental organisms: plants/animals that are not native but introduced by man into a certain 

area 
indicator: reaction variable whose spatio-temporal condition can be registered comparatively 

simply and that has a surpassing explanation content with respect to the underlying 
problem 

intensity ofuse: measure ofthe productive factors (labor, capital) applied per area unit 
interdisciplinarity: a common axiome for a group of related disciplines is defined. The orga­

nizing principle is two-Ievelled, multigoaled, and with coordination on the higher 
level 

interference: the impact on the shape or the utilization of land plots in a way which hampers 
the balance of energy and matter, or disfigures the scenic features ofthe landscape 

interference analysis: ascertainment and interpretation ofthe superposition ofvarious land use 
types at the same area 

invasive species: species that establish in an aggressive way and may cause economic damage 
island theory : theory of island biogeography addressing the relation of species diversity 

mainly to the size, the distance and the age of an island. This has been applied to 
terrestrial isolates of -7 landscape elements as weil 

land use: usage and treatment ofthe earth's surface and its natural potentials and resources for 
the fulfilment of human needs 

land use change: change in the intensity and kind of land use, and of its spatial distribution 
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land use form: management practiee within the same type of land use (agriculture, forest, 
trafik, ... ) but differentiated through the methods and intensities applied 

land use pattern: spatial mosaic of different land use types 
landscape: part of the earth's surface with a uniform structure and functional pattern. Both 

appearance and components (7 landscape factors: relief, soi!, water, c1imate, flora, 
fauna, humans and their creations) including their spatial position are concerned. 
Landscape is not only the sum of single landscape factors but an integration of the 
7 geocomplex. Thus, landscape involves different spheres: inorganic spheres, 7 
biosphere, and sociosphere 

landscape analysis: analysis of the natural (ecological) and anthropogenie properties, proc­
esses and dynamics of the landscape 

landscape architecture: a complex of measurements taken to create alandscape according to 
societal goals with aesthetic viewpoints in the foreground 

landscape assessment: evaluation of the current/potential state of alandscape and its func­
tional pattern concerning utilization, performance and ecological capacities 

landscape balance (landscape energetics, balance of nature): interweaving and framework of 
effects of abiotic landscape factors and organisms within alandscape including ex­
change processes between adjacent landscape units 

landscape change: qualitative landscape alterations concerning the balance of matter and en­
ergy, the natural potential and the external appearance 

landscape compartment: functional unit within alandscape representing a portion of an eco­
logical sphere Ce.g. soil, air, water, biomass) 

landscape conservation: measures taken to sustain and maintain the natural and cultural land­
scape properties 

landscape damage: impairment of the external appearance and of the efficiency of the land­
scape balance caused by human activities 

landscape development: landscape alteration determined by nature and influenced by man (--+ 
landscape change); in --+ landscape planning: measures taken to protect, to care and 
to shape an ecologically efficient and aesthetically appealing landscape 

landscape diagnosis: assessment of the capability and suitability of the landscape for 7 land 
use, and assessment of the development potential of alandscape 

landscape diversity: number, differences between and functional traits of 7 landscape ele­
ments 

landscape dynamics: processes within the landscape; movement of matter, energy and organ­
Isms 

landscape ecology: ecologically oriented branch of landscape research focussing attention on 
the analysis and synthetic treatment of the complex interactions between abiotic and 
biotic features ofthe landscape complex 

landscape element: 1. 7 landscape factor; 2. spatial, temporal or functional unit within a 
landscape with characteristic traits and performances (e.g. forest, arable field, lake, 
river, hedgerow, motorway) 

landscape experiment: manipulation of landscape elements and establishment of certain envi­
ronmental qualities to simulate future site conditions or the effects of changes in 7 
disturbance regimes 

landscape factor: characteristic component of alandscape e.g. rock, relief, soil, climate, vege­
tation as physical landscape factors as weil as settlements, 7 land use, and industry 
as cultural landscape factors 

landscape function: capacities realized by landscape 
landscape heterogeneity: spatial or temporal variability between 7 landscape elements 
landscape image (scenery): visually perceivably outward form of alandscape, taking no ac-

count ofthe associated processes 
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landscape indices: algebraic indices describing -7 landscape structure (e.g. shape of landscape 
elements, their edges and pattern) 

landscape information systems (US): information system for natural resources and land use 
as weil as fauna and flora. Regularly updated databases are aprerequisite and a 
component of the analytical ftmctions of a US and of their presentation tool, too. 
Typical requirements are the estimation of ecological effects of planned sanctions, 
the report on the current situation of nature and the landscape and the simulation of 
short term environmental changes 

landscape inventory: number of types and individuals of -7 landscape elements 
landscape management: totality of measures taken to sustain or to reestablish an efficient 

landscape with respect to economie, ecological and social aspects 
landscape modeling: simulations and prognosis of virtual conditions based on mathematical 

algorithms 
landscape plan: representation of goals and measures of nature protection and landscape man­

agement on the communal level 
landscape planning: instrument of policy, concerned with the management of landscapes, 

particularly focussed on nature conservation and preservation of scenic beauty 
landscape prognosis: estimation and assessment of future spatio-temporal -7 landscape 

changes 
landscape research: scientific sub-discipline of geography dealing with landscape investiga­

tion 
landscape structure: three dimensional spatial organization at the surface ofthe landscape: i.e. 

the -7 pattern of -7 geocomponents or -7 landscape elements, disregarding proc­
esses and functional relationships 

landscape unit: pattern of -7 landscape elements in the -7 chorological dimension, character­
ized by both natural and anthropogenie -7 landscape factors 

Leitbild: target system describing fully the aspired state of a spatial unit, taking into consid­
eration the relevance ofthe diverse objectives. System-immanent target conflicts are 
dealt with by means of a preference ranking or a balancing of interests. Leitbild for 
the landscape development: summarized presentation ofthe desired landscape status 
to be achieved in a specific landscape in a foreseeable time frame 

Iimiting value (critical value): strongly binding (mostly fixed by law) variable denoting the 
limit ofnot unreasonable or admissive stress ofman and environment 

local land use plan (master plan) : representation of the actual and intended land use within a 
community 

macro(geo )chore: a region composed of an aggregation of mesochores 
meso(geo )chore: an aggregation of -7 microchores 
meta-disciplinarity: approaches that transcend disciplines such as -7 interdisciplinarity and -7 

transdisciplinarity. Cooperation and coordination exist among the disciplines in­
volved 

metapopulation: functionally interacting populations of a certain species 
micro(geo )chore: a combination of -7 geotopes associated on a high er level. They have new 

properties beyond the mere sum of the parts. The pattern of geotopes primarily re­
flects landscape-forming conditions (history). On average, microchores consist of 
80-100 geotopes, and they have an area of 3-30 km2 (in Saxony, Germany) 

minimum area: smallest area necessary for the reproduction and long-time survival of a 
(breeding) pair, a population, species, biocoenosis, or a whole ecosystem 

monitoring: observation system to indicate changes in biosphere or landscape condition 
mainly in terms of human impacts 

mosaic: aggregation of spatial patterns within alandscape 
nano(geo )chore: an aggregation of a few -7 ecotopes 
naturallandscape: 1. landscapes with predominantly natural mechanisms ofregulation; 2. any 

spatial part of the geosphere characterized by naturally determined uniform struc-
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ture and functional pattern of its natural components (sometimes also called physi­
cal region or -7 nature area) 

natural potential: ability of landscapes to yield social benefits 
nature area (German: Naturraum): entirety of natural (abiotic and biotic) elements in a land­

scape. Synonymous terms are: natural area, natural sphere, physical region, -7 natu­
ral landscape 

nature conservation: totality of scientific, administrative, and practical measures taken to sus-
tain the living and the inanimate world of nature 

natural resource: basis of livelihood of society taken from nature 
naturalness, degree of: a measureading ofhuman influences on the vegetation (-7 hemeroby) 
neophytes: plant species introduced in the modem age (since the year 1492) 
neozoons: animal species introduced in the modem age (since the year 1492) 
network: system of functional connections at the landscape scale 
noosphere: the mental sphere ofhumans that is characterized by perception and reflection and 

where humans interact with the physical-material reality ofthe geo- and biosphere 
objectives of environmental quality: spatially and temporally defined qualities of natural re­

sources, potentials and functions to be maintained or developed 
organic agriculture: organic farms usually must satisfy regulations, as folIows: they may not 

use chemical fertilizers and pesticides; they have to maintain or improve fertility 
and biological activity of soils by crop rotations that include pulse crops or green 
man ure, by ploughing in organic matter, and by livestock manure; animals have to 
be kept in a manner appropriate to their physiological and behavioral needs; stables 
have to offer enough space for movement and enough litter, fresh air and daylight, 
and animals may not be tethered; and in summer all animals must have access to 
pastures 

patch: spatially discrete landscape element with clear spatial boundaries 
patch dynamics: temporal changes in the distribution ofpatches within alandscape 
pattern: conte nt and internaiorder of a heterogeneous landscape unit, or: non-random organi­

zation of -7 patches 
pedotope: area (in the -7 topological dimension) with the same / very similar soil features 
physiotope: smallest ecologically relevant spatial unit of landscape with a (quasi­

)homogeneous physical-geographical structure and ecological traits depending on 
the abiotic site conditions 

potential natural vegetation: vegetation status to be expected if human impact on the present 
vegetation were be stopped suddenly, according to the present location conditions 
and according to the present species composition 

project-related planning: approach to regional planning, concentrated on the essentials of 
regional policy, setting priorities to certain projects; more flexible than integrated 
development planning 

reclamation: -7 rehabilitative work carried out on the most severely -7 degraded sites without 
aiming for full -7 restoration 

recreation: 1. holiday, break, relaxation; 2. attempt to reconstruct an ecosystem on a site so 
severely disturbed that -7 restoration is not possible, or a new creation as a substi­
tute for a destroyed biotope elsewhere, on a site where this type of biotope has 
never existed 

recultivation: the regeneration of ecosystems for cultivation purposes 
red book: list of species, biocoenosis or ecosystem types threatened, on a local or regional 

scale, by human activities 
regeneration capacity: extent of the ability of an ecosystem to compensate for stresses and 

damages within the scope of matter cycle and energy flux 
regional planning: complex procedures of planning to realize the aims and guidelines of -7 

regional policy. It shall coordinate and regulate the competing objectives ofregional 
development in a precautionary way 
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regional policy: the whole political efforts for the complex development of regions, focussed 
on public welfare and the compensation of spatial disparities 

regulation: re-establishment of previous ecosystem conditions triggered by exo- and endoge­
neous factors 

rehabilitation: any attempt to restore elements of structure or function of an ecosystem, with-
out necessarily attempting complete ~ restoration 

renaturation : transformation ofhabitats altered by man into a situation c10ser to nature 
resilience: capacity of an ecosystem to return to the original state after a ~ disturbance 
resource management: data-based steering ofuse ofresources 
restoration: return to a former original state. Ecol. Restoration aims to trace back ~ ecosys­

tems or ~ biotopes in more natural states providing new live space for endangered, 
rare or typical organisms and forcing back organisms populating areas highly intlu­
enced by human activities 

romanticisation of landscapes: harking back to the Romantic ideals of unspoiled landscapes, 
solitude, and individuality when perceiving and shaping landscapes 

scale: a geographical dimension expressed in area and distance, or far a map, a fraction . 
Therefore, large spatial scales deal with large fractional scales, small areas, short 
distances and large details, best expressed as "Iarge map-scale". On the other hand, 
small spatial scales deal with small fractional scales, large areas, great distances and 
fewer details, best expressed as "small map-scale". The terms "broad scale" (large 
extent) and "fine scale" (small extent) should be used to express the extent that is 
represented by the boundary of a study area under consideration. There is a co m­
pletely different understanding of "small scale" and "Iarge scale" in German and 
English/American literature: German landscape ecologists and geographers use the 
term "scale" like cartographers: So 1: 100,000 is a smaller scale than 1: 1 0,000. On 
contrary, for English and Arnerican ecologists a small scale is coupled to a small 
area; a large scale to a large area. In this book, we endorse the version of English 
and American ecologists, not the version of Germans. 

scenery: ~ landscape image 
second horne: properties owned or rented on a long lease as the occasional residence of a 

household that usually lives elsewhere 
sensitivity: the ability of a system to respond after an intluence by self-change, and similarly 

to indicate such an effect 
site: spatially delimited domain of the occurrence of geological or biological phenomena 
siting: decision making on locations or location lines of projects in regional planning or land­

scape planning 
soil: alive top weathering layer of the earth's crust composed of mineral as weil as organic 

matter 
soil acidity: pH value of soil 
soil degradation: decrease of soil quality due to natural or human intluences (e.g. ~ soil ero­

sion, compaction, acidification, salinization, humus loss) 
soil erosion: soilloss, mostly human-induced, by means of running water or wind 
soil fertility: soil productivity; the description ofthe yield potential depending on soil proper­

ties and agricultural management 
soil form: pedological mapping unit consisting of a soil-systematic master farm with a short­

ened form for the substrate from which the soil profile arose 
soil loss: soil wastage caused by erosion 
soil protection (soil conservation): measures and recommendations for soil protection, main­

tenance, and redevelopment 
soil skeleton : coarse components ofthe mineral soil (e.g. gravel, stones, blocks) 
soil taxation (Germany): descriptive and cartographic inventory and assessment of the yield 

potential of agricultural areas; concept developed within the 1930s far the tax valua­
tion ofsoils 
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soil texture: granulation type, assessment of quality of the mineral soil material due to its 
grading (e.g. c1ay, loam, loamy sand) 

soil type : summarizing term for soils that have arisen from the combined effects of soi!­
forming factors of the same kind, and characterized by typical horizons and special 
features 

soil water: the water in the soi! (groundwater, attached groundwater, backwater and mobi!e 
water) not inc1uding the bound crystal water 

space management: data-based steering of patterns of space use and functions 
spatio-temporal management: considers the relationships between societal time frames and 

spatial use frames and optimize both mutually in all planning tasks 
species area curve: graphical description of the relation between number of species and area. 

Up to an absorption point it is valid : the greater the area size the larger the nu mb er 
ofspecies 

stability, ecological : persistence of an ecological system as weil as its ability to return to the 
initial situation after alteration 

standards of environmental quality: substantial evaluation critera for -7 objectives of envi­
ronmental quality 

stepping stone: island biotope serving as stop over station and thus helping the spread of 
populations over long distances 

stress: totality of influences on organisms, populations and ecosystems exceeding normal 
natural conditions 

succession: temporal sequence of species or habitats of a biotope leading from an initial to a 
c1imax stage of adynamie equilibrium 

suitability for land use: criteria for acceptable types and intensities of land use with respect to 
the regeneration ability of landscape, nature, and ecosystems on different levels of 
integration 

surface sealing: man-made soil cover or sealing (e.g. by buildings, streets) with a negative 
influence on important soi! functions (e.g. water filtering, groundwater recharge, 
habitat) 

sustainability : everlasting preservation of the efficiency of ecological systems to yield benefit 
for present and future generations 

synergism: convolution of substances, factors, or organisms whereby the individual compo­
nents benefit from each other in such a way that the overall effect is greater than the 
sum of all individual effects 

systems theory: focuses on the connections and relationships among elements in a whole in­
stead of looking at separate parts 

systems view: a dynamic concept that perceives the world, not as a fixed reality, but as an 
ever-changing phenomenon that might be unstable, uncontrollable, even chaotie 

tessera: a small surface area equipped with measures for representative acquisition of data 
describing the dynamic of this landscape. It follows the method of landscape eco­
logical complex analysis 

topological (-7 dimension): related to the investigation of homogeneous (better: quasi­
homogeneous) basic units ofthe landscape (e.g. -7 geotopes) 

topology: position and disposition of (geometrie) objects in space 
Total Human Ecosystem: the complex sum of all landscapes, in whieh humans are integrated 

and interact. It is the highest level of ecological hierarchy on agIobaI scale formed 
by humans and their total environment 

transdisciplinarity: entails the cooperation and coordination of all disciplines and subdisci­
plines related to the field of research. It coordinates science, education, and innova­
tion from society within one system. The systems approach is the most basic princi­
pIe. Practitioners and interests from science and outside the academic world are in­
volved 

trophy: status of an ecosystem with respect to the supply of available nutrients 
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urban biotope (habitat) mapping: method of mapping (normaly in the scales of I: I 0,000 to I: 
25 ,000), characterizing (by flora and fauna) of urban biotopes by using land use 
types; a tool for handling nature conservation in the urban planning process 

urban climate: the changed environment of urban areas establishes a specific urban climate at 
the meso climatic scale in larger cities and towns different from the climate of the 
city's surrounding. It is characterized by higher temperatures and lower precipitation 
rates, giving a dryer and warmer climate than that of the surroundings. The urban 
climate is itself highly differentiated into local microclimates of green areas or dif­
ferent built-up areas 

urban ecology: an integrated field of several sciences from different areas and from planning 
with the goal of an improvement of human conditions and long-term, environmen­
talty-sustainable urban development 

urban green space plan: sectoral plan of -7 nature conservation and landscape management at 
the level ofthe legalty-binding land-use plan 

urban nature conservation: complex of measures in urban planning and development to secure 
nature of alt kinds (not only rare species and habitats) under urban conditions with 
the aim of developing a closer contact between urban dwelters and their natural sur­
roundings. It includes tradition al species protection as welt as citizen participation 
to develop urban wildlife areas and (recreational) use ofurban green spaces 

urban wildlife areas : areas in an urban environment without specific maintenance so that natu­
ral succession can take place. These areas can have a simple infrastructure, such as 
trails or observation places for visitors. Most of them are actualty not specificalty 
valued by the urban administration. They are only partly protected and often seen as 
waste land 

urbanization: development of urban lifestyles, activities and behavior in formerly rural spaces 
vector: spatial, temporal or merely functional connection between -7 patches. This also in­

cludes connections between different patches. Agents such as the wind or animals 
can act as vectors as welt, when they transport matter or diaspores 

vegetation: totality ofplant communities in an area 
wasteland (badlands) : land that is not (or not any longer) managed by man (e.g. fens, heath, 

agricultural faltows, gravel pits, deposits or heaps in mining areas) 
yield potential: theoretical capacity of the vegetation to produce usable biomass. The yield 

potential is determined by soil factors , solar radiation, temperature, and precipita­
tion 

zoning: assignment of areas to certain types of landuse. Instrument of regional and landscape 
planning for the development of sustainable land use and a tool for the restriction of 
inappropriate land use 
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