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Abstract: The implementation of landscape ecological knowledge is especially important in the areas where the 
majority of people live, the cities and towns. It is especially here important to overcome the still existing problems to 
implement landscape ecology. The urban ecosystem structural approach by urban structure types and urban vegeta-
tion types can be an important tool for urban landscape ecological management. These combine urban ecological 
analysis with urban planning approaches. 
Ecosystem services can be addressed to urban structural units (types). This will allow a more effective steering and 
development of these urgent necessary services. The urban green areas are carriers of these services. They will play 
in urban pattern design an important role. Biotope mapping is already a very good approach to get developed further 
for ecosystem service planning and management. 
Growing soil sealing shows less implemented landscape ecological knowledge in practice. Beside the importance of 
this subject many cities have not strategy developed to avoid it. The reasons are too less developed management 
tools implementable in planning and too less additional steering besides planning (e.g. economic steering). 
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1. Challenges for landscape ecology in urban landscapes 

There is a long Central European tradition of implementing landscape ecological knowledge into prac-
tice of landscape management especially in cities and towns. The reached achievements should be 
proofed under the new challenges as: 
• climate change, 
• demographic change, 
• urban shrinking, 
• less influential planning and management on municipal level. 

It should be discussed why certain targets of implementing landscape ecological knowledge couldn’t be 
achieved. At lest three points seems to be responsible for this: 
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Too less 
• Too less practicability and adaptability of landscape ecological research results, 
• Too less interest of scientists to implement their knowledge, 
• Too less knowledge in planning and practice of management on the actual status and available data 

and methods implementing landscape ecological knowledge into practice, 
• Too less interest of several political representatives to get the best available information level for deci-

sion making because this limits the degree of free (political) decision. 
The cities and towns seem to be an excellent field of investigating, understanding and supporting im-

plementation of landscape ecological knowledge. When it will work here, it will work everywhere. 
The most important problems to solve urban ecological problems were always to collect data about 

ecological qualities by measuring, mapping and surveys. This was followed by locating these data in a 
comparable manor. For this land use types and urban structural units had been used in different forms 
for about 30 years. Most of the cities started individually with these two steps. Because the first step, the 
data collection was more technical supported (measuring techniques) it was fast developed compara-
tively. The investigation of spatial pattern was and is still not used in a comparative way between cities 
also if there were activities until the 1990th to do this. 

The urban ecosystems are still not complete understood in their process metabolism. New knowl-
edge is necessary to sharpened or to improve the management of these ecosystems by better informa-
tion. On the other hand the existing knowledge is still not systematized and not everywhere available or 
every known in practice. Especially the connections between land use intensities and ecological relevant 
reactions in the different urban ecosystems are not completely investigated. This links to failures often 
with tragic or at least insufficient results. As the urban areas are the most important living space of the 
humans this cannot be longer tolerated. 

There is a difference between science which wants to describe the urban ecosystem by structures and 
processes and management which wants to solve concrete question to improve the living conditions in 
cities and towns. This has to be understood. 

Question leaded research, a demand of management, must develop a set of spatial relation and nec-
essary quantitative data related to the asked question. This is always a selection of existing knowledge 
and its proof if it fits to solve the question and the strengthening to add new knowledge and data not avail-
able to fit into the framework to solve the question. 

The solution cannot be to collect as much as possible data of a concrete urban ecosystem or to use 
pragmatic only the data we can get fast, cheap and easy (e.g. remote sensing data) but to gather the data 
which are necessary to solve the problem, not an easy task. 

2. Implementation of landscape ecological knowledge in urban management 

2.1. Nature protection implements ecological knowledge in practice 

The landscape is a mosaic of structures connected with the earth’s surface. The patterns within 
landscapes are the result of numerous interacting factors and areas are in a constant state of change 
(Neef 1967). Dominant factors of influence can be determined, pattern can be recognized, comparisons 
of landscapes can be made and landscapes can be managed as parts or as a whole. After dominant 
characteristics are determined (e.g. agrarian landscapes, high mountain landscapes, post mining land-
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scapes etc.) they can form the framework for investigations, evaluations or planning are designated. 
This viewpoint was recently transferred to urban landscapes following a rising demand for improved 
environmental condition in cities, reduced impacts by humans, the protection of existing intact natural 
structures (nature protection) and after recognizing the need for complex environmental or landscape 
management. 

In the 1970’s, there was rising social awareness of the value of nature in the city and the realization that 
already extensive losses had taken place. Spatial planning in Central Europe (and elsewhere) came under 
the pressure of public and politics and was required to achieve clear improvements in the environmental 
management of cities and to act as a moderator in the reconciliation of the interest groups. Politics and its 
executive, planning, were requested to react. This required the creation of a methodological framework for 
the protection of nature in the cities, and an adapted form of the „Kartierung schutzwürdiger Biotope in 
Bayern” (mapping of habitats necessary to protect in Bavaria; Kaule 1975) was used. Planning depart-
ments began to conduct comprehensive surveys of the urban landscape and surrounding countryside. 
These surveys involve broad-scale spatial analyses of landscape components, particularly by remote 
sensing and GIS, in conjunction with detailed investigations of the condition and interrelationships of the 
individual elements of the urban ecosystem (e.g. plant societies, climate conditions, soils etc.). Similar 
frameworks were also implemented in nearly all other federal countries of the Federal Republic of Ger-
many in the following 10 years (1975–1985) and habitat mapping became the most important means for 
fulfilling the requirements outlined by the new federal nature protection law in Germany (1977). The cen-
tral goals of the law were protection of species, scenic (landscape) values as well as landscape functions. 
This reduced the protection often on very special elements of the urban landscapes as wetlands, food 
plain forests etc. (Breuste 1996, 2001). 

By focusing nature protection onto a small subset of the entire urban landscape, there was a tendency 
for selectively mapping “habitats valuable for protection” (Brunner et al. 1979), rather than obtaining a 
complete overview of the landscape. Over time, the understanding of nature protection was extended to 
include additional goals, such as recreation, environmental education, production of fruits, vegetables and 
ornamental plants, ecological processes and landscape functions, and scientific research (Sukopp & 
Weiler 1986). Nature protection in cities and towns had to change its paradigm from primarily the protec-
tion of threatened plants and animals to a broader instrument with the ability to incorporate additional 
aspects of the urban landscape. The task of the urban nature protection consists rather of keeping organ-
isms and biocoenoses because of their meaning for the direct contact of the urban dwellers with their 
natural environmental elements (Sukopp, Kunick, Schneider 1980, Sukopp, Weiler 1986, Sukopp, Trepl 
1990). Floristic and vegetation science based surveys of the urban landscape began, with the initial goal 
of using easily recognized homogeneous areas as the basic landscape components for investigation 
(Kunick 1978). 

In 1986, land-use-referred habitat mapping became the standard method for mapping the habitat of ur-
ban landscapes (Arbeitsgruppe Methodik der Biotopkartierung im besiedelten Bereich 1986). This pro-
gram was revised in 1993 (Arbeitsgruppe Methodik der Biotopkartierung im besiedelten Bereich 1993). 
Between 1978 and 1986 urban habitat mapping using land-use as the basic component had become the 
most widely accepted approach underpinning urban nature conservation in Europe (Breuste 2001). 

With the increase of urban ecological research, information was emerging on the ecological conditions 
within the urban ecosystem (Breuste 1985, 1986). Much of the early research was based on the premise 
that utilization is the most important and fundamental process influencing plants, animals and their com-
munities. „Within the settled areas there are primarily the utilization forms, which are dominating the pat-
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tern and distribution of organisms. Basis of the nature protection work in the city is therefore to analyze 
the most important types of land-use systematically and to describe species content and ecological char-
acteristics. In the final result becomes clear, which land-use forms are extraordinarily poor of species and 
demand management for re-implementation of nature” (Sukopp, Kunick, Schneider 1980, p. 565). 

Table 1. Types of urban vegetation structures – influenced or created by urban land use 
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Accompanied green along traffic lines or 
as addition to fill up the space between 
apartment blocks 

Decoration Recreation, 
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Gardens/parks Recreation, 
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Source: Arbeitsgruppe Methodik der Biotopkartierung im besiedelten Bereich (1993), Kowarik (1992) 
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2.2. Urban landscape structures – well applied landscape ecological knowledge in prtactice 

Following from this and similar statements, land-use became the key tool for undertaking applied urban 
ecological research and urban nature conservation. An entire field of pure and applied research was devel-
oped, urban habitat mapping, and the research relied heavily on land-use, in terms of “land-use types” or 
“urban structural types”, as a foundation (Breuste 1985, 1986). This has enabled the use of structural units in 
urban landscapes as as reference content in the urban ecology in and the 70’s and 80’s. Mapping legends 
were developed and recommended for a broad, comparative application in the urban and non-urban nature 
protection (Arbeitsgruppe Methodik der Biotopkartierung im besiedelten Bereich 1986, 1993). The implemen-
tation of land-use types as ecological units started without detailed investigations into the associated function 
and processes which were influenced by the anthropogenic inputs of these land-uses and without the inclu-
sion of available scientific information from landscape research (Breuste 1989). 

Urban structure types delineate areas of homogeneous physiognomic development, which are pre-
dominantly characterized from each other by clearly distinguishable characteristics in built up structures 
and open spaces (vegetation and soil sealing). They are, to a large extent, homogeneous concerning the 
type, density and portions of the built-up areas of various forms and of different components of open 
spaces (soil sealing areas, vegetation types and urban forest). Urban structure types offer an opportunity 
to combine the structural information available from the soil sealing classification system, with the utiliza-
tion processes associated with the land-use classification system. They therefore allow modeling of proc-
esses within the urban system at a finer level of detail than using the other methods, whilst maintaining 
the advantages of comprehensive and cost-efficient data collection. 

Substantial ecological characteristics of a space can be described by the land-use form and the structural 
characteristics. Spaces with uniform structural equipment and the same land-use form exhibit comparable 
habitat or landscape household functions. Urban structural units summarize spaces with similar environ-
mental conditions. Therefore they can be used as the basis for collecting information on the ecological or 
landscape characteristics of urban areas, as each unit has a predictable type of habitat and vegetation struc-
ture, climatic conditions, soil structure, and intensity of soil sealing and rate of ground-water recharge. 

The main types of urban structural units found in urban areas are residential estates and areas of mixed 
use, industry and commercial areas, areas of specific use, traffic areas, leisure and recreation areas, 
agricultural areas, forest areas, water tables, derelict lands and land-fills, quarries and disposal sites. 
These structural units can be further divided on the basis of more specific forms of development (see 
Table 1 and 2). 

Table 1 Examples of sub-types of residential estates in Leipzig/Germany (by using built up and open space/vegetation 
structures) are: 

• City Center 
• Detached curb-close apartment buildings with built-up courtyards (1870 – WW I) 
• Terraced curb-close apartment buildings with built-up courtyards (1870 – WW I) 
• Detached curb-close apartment buildings with open courtyards (1900 – WW II) 
• Terraced curb-close apartment buildings with open courtyards (1900 – WW II) 
• Free standing blocks of flats in rows (since WW I) 
• Large new prefabricated housing estates (since 1960) 
• Detached and semi-detached houses 
• Villas 
• Former village centres 
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Table 2. Ecologically different urban structure units, example Leipzig/Germany 

 Old villa areas City centre 

 
Utilization Residential Residential plus commercial and offices 

Building structure (type) Single houses Compact building blocks 

Building density 20–30% More than 70% 

Structure of open spaces Extended open spaces Small open spaces in courtyards, some 
squares, streets 

Ratio of veg. and grove High degree of vegetation, esp. tree cover Mostly no vegetation 

Degree of sealing Lower 40% Higher 90% 

Source: Breuste, own results 

Several European countries and Germany in particular, have taken a leading role in the ecological in-
vestigation and application of the results in spatial planning. Particularly in the urban ecological research 
of the Sukopp-School in (West) Berlin in the 1970’s, pioneering work was conducted and rapidly devel-
oped and expanded to a number of other German cities over the following ten years. Accompanying the 
development of this school, was an increasing need to develop spatial models that were suitable for the 
application of the scientific results, and at the same time would contribute to the practice of spatial envi-
ronmental management. These spatial models had to balance differences of the environmental conditions 
(soil, water regime, climate, vegetation etc.) and their relationships with existing processes in the area. 
The models also had to be harmonized with the spatial planning of the cities which is based with priority 
on land-use structures. 

One of the consequences of an increasing reliance on spatial models is the need to balance the effi-
ciency of data collection, with the need for a complete dataset covering all components of the urban land-
scape. Due to the enormous temporal and financial expense in collecting details information in larger 
cities, the determination of “ecological landscape types” can be helpful in urban environmental manage-
ment. Ecological landscape types are defined by specific combinations of the soil, vegetation and climate 
conditions (etc.) within a defined area. 

As the physical characteristics of ecological landscape types are well defined, it is possible to deduct 
general functional assessments of the landscape conditions on this level. However, to begin to define 
ecological landscape types, it was necessary to develop an adaptable assessment methods based on 
specific criteria, which must be placed against models of the urban landscape from the viewpoint of spatial 
planning. 
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Fig. 1. Urban structures as an interface between science and planning 
Source: Breuste et al. 2001 

To summarize, for spatial models to provide useful information for landscape management, they must 
have the following characteristics: 
• completeness of the spatial overview, 
• fast and cost efficient collection of the data, 
• illustration of interrelations of several environmental elements, 
• ability to complement other spatial planning instruments, 
• fitting in into the hierarchy system of spatial planning, 
• compatibility with land-use structures and 
• development and use of assessment methods. 

The following conditions help support this model to achieve the above requirements: 
• environmental data collected on the same scale as land-use, 
• development of landscape types as typical structure and process combinations, 
• ability to define spatial units in different hierarchical levels, 
• evaluation ability of data contents in its spatial relation, 
• development of assessment systems, oriented at limits of the regeneration ability of the ecological 

systems or/and the conditions of a healthy environment, 
• flexible, simple and transferable models, 
• spatial models consisting of analysis, spatial structure, assessment system and recommendations for 

management. 
Reflecting the demand for the management of urban landscapes, these areas could no longer seen as 

extraordinary edge features of agrarian-forestry cultural landscapes, but had to be accepted as special, 
dynamically growing cultural landscapes, which must be regarded and treated as landscapes in their own 
right. This shifted urban landscape from an “extraordinary position” in the 1970’s into a central position of 
interest to landscape planning. A complex, independent discipline, urban ecology, was developed  
to investigate the ecological conditions of urban landscapes and their application in planning (Breuste 
2001, 2002). 
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2.3. Soil sealing – to less implemented landscape ecological knowlegede in practice 

Additional ecological attributes allow an advanced differentiation of city structure units (s. tab. 5.2) and 
render ecological evaluations possible. Such attributes are e.g. utilization and maintenance intensity, ratio 
of sealing, ratio and structure of grove, age of the land use and arrangement of the buildings. 

Table 3. Classification attributes of city structure types 

 Umweltatlas Berlin 
1987 Leipzig/ Halle 1998 

Duhme & Pauleit 
München 

1992 

Utilization    

Structure of a building (type)    

Density of buildings    

Structure of open spaces 
Ratio of veg.- and grove    

Degree of sealing    

Date of origin    

Source: Breuste et al. 2001 

The application of differentiating ecological attributes for land uses of the same function (e.g. residential 
use) leads to a further differentiation into ecological relevant subtypes of residential building. (Arbeits-
gruppe Biotopkartierung im besiedelten Bereich 1993) (Tab. 5.1). 

All building activities influence the ecological conditions in an extreme way by destructing the vegetation 
cover, in many cases also the upper soil layers and changing the climatic and hydrological regime tre-
mendously (Tab. 5.3). Buildings and sealed open spaces are the target result. Both are summarized as 
soil sealing. 

Table 4. Effects of soil sealing on the environment 

Soil and water regime (by ‘loss’ of the vegetation cover and physical change of the soil surface and the 
upper soil layer) 

partial or complete removal of the upper soil layer; 
decreased infiltration of precipitation water into the soil and thus reduced groundwater renewal; 
increased evaporation; 
more increased and accelerated rates of storm water runoff; 
more frequent high levels in drains and streams with heavy rain and thaw. 

Urban climate (by ‘loss’ of the vegetation cover and thermal and energetic effects due to human modifica-
tions (creation of new technical surfaces) 

increased thermal capacity and thermal conductivity of the sealing materials; 
increased air temperatures; 
increased particulates, and thus more frequent precipitation events; 
lower volume and shorter periods of snow cover; 
reduced humidity in temperate regions (not always true for arid regions). 
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cont. tab. 4 

Vegetation and fauna (by destruction of the vegetation cover and change of the local ecological conditions, 
intensive use by trampling and driving on) 

reduced, usually minimal colonisation opportunities for plants; 
lower oxygen and water supply for soil fauna, and decreased exchange of matter and gases between the soil 
and the near-surface air layer; 
depletion of the native flora; 
loss of levels of the food pyramid; 
loss of habitat; 
increasing isolation of populations. 

Source: Breuste et al. 1996 

Soil sealing is usually used as general indicator of extreme physical anthropogenic influence on ecosys-
tems. There are also attempts to connect the term with ecologically relevant functions. The spaces, de-
grees and types of buildings and building complexes are widely used for a differentiation of urban land use 
types into urban structural units (e.g. the differentiation of residential areas into sub-types of residential 
estates, s. Tab. 5.1). 

References 

Arbeitsgruppe Methodik der Biotopkartierung im besiedelten Bereich 1986. Flächendeckende Biotopkar-
tierung im besiedelten Bereich als Grundlage einer ökologisch bzw. am Naturschutz orientierten 
Planung: Grundprogramm für die Bestandsaufnahme und Gliederung des besiedelten Bereichs 
und dessen Randzonen. Natur und Landschaft 61, vol. 10, pp. 371–389. 

Arbeitsgruppe Methodik der Biotopkartierung im besiedelten Bereich 1993. Flächendeckende Biotopkar-
tierung im besiedelten Bereich als Grundlage einer am Naturschutz orientierten Planung: Pro-
gramm für die Bestandsaufnahme, Gliederung und Bewertung des besiedelten Bereichs und des-
sen Randzonen: Überarbeitete Fassung 1993. Natur und Landschaft 68, vol. 10, pp. 491–526. 

Breuste, J. 1985. Methodische Aspekte der Analyse und Bewertung der urbanen Landschaftsstruktur. – 
In: Inst. of Experimental Biology and Ecology, Center of bilogical-Ecological Sciences, Slovak 
Academy of Sciences (ed.): VII. Intern. Symposium über die Problematik der ökologischen Land-
schaftsforschung, Panel 1, vol. 10. pp. 10. 

Breuste, J. 1986. Methodische Ansätze und Problemlösungen bei der Erfassung der urbanen Land-
schaftsstruktur und ihrer ökologischen und landeskulturellen Bewertung unter Berücksichtigung 
von Untersuchungen in Halle/Saale. Diss. (B), Fak. f. Naturwiss., Univ. Halle-Wittenberg, Halle. 

Breuste, J. 1989. Landschaftsökologische Struktur und Bewertung von Stadtgebieten. Geogr. Berichte 
131, vol. 2, pp.105–116. 

Breuste, J. 1996. Landschaftsschutz – ein Leitbild in urbanen Landschaften. In: Bork, H.-R., G. Heinritz, 
R. Wießner (eds.). 50. Deutscher Geographentag Potsdam 1995, 1, pp. 13–143. 

Breuste, J., T. Keidel, G. Meine, B. Münchow, M. Netzband & M. Schramm 1996. Erfassung und Bewer-
tung des Versiegelungsgrades befestigter Flächen. UFZ-Bericht 12/1996. Leipzig. 

Breuste, J. 2001. Nutzung als Untersuchungsgegenstand und Raumbezug der Stadtökologie. Natur und 
Landschaft 33, vol. 2./3., pp. 95–100. 



Breuste J. 

32 

Breuste, J., M. Wächter, B. Bauer (eds.) 2001. Beiträge zur umwelt- und sozialverträglichen Entwicklung 
von Stadtregionen. CD-ROM; ISBN 3-00-007559-3; Leipzig. 

Breuste, J. 2002. Urban Ecology. In: Bastian, O., U. Steinhardt (eds.). Development and Perspectives of 
Landscape Ecology. Kluwer Academic Publishers, Dordrecht. pp. 405–414. 

Brunner, M., F. Duhme, F. Mück, J. Patsch, F. Weinisch 1979. Kartierung erhaltenswerter Lebensräume 
in der Stadt. Gartenamt 28, vol. 1, pp. 1–8. 

Kaule, G. 1975. Kartierung schutzwürdiger Biotope in Bayern. Erfahrungen 1974. Verh. Gesell. f. Ökol. 3, 
pp. 257–260. 

Kowarik, I. 1992. Das Besondere der städtischen Flora und Vegetation. In: Natur in der Stadt – der Bei-
trag der Landespflege zur Stadtentwicklung, Schriftenreihe des Deutschen Rates für Landespfle-
ge, H. 61, pp. 33–47. 

Kunick, W. 1978. Stadtbiotopkartierung Berlin–Kreuzberg Nord. Unpublished manuscript, Techn. Univ. 
Berlin. 

Neef, E. 1967. Die theoretischen Grundlagen der Landschaftslehre. Gotha. 
Sukopp, H., W. Kunick, Ch. Schneider 1980. Biotopkartierung im besiedelten Bereich von Berlin (West): 

Teil II: Zur Methodik von Geländearbeit. Garten und Landschaft 7, pp. 565–569. 
Sukopp, H., P. Weiler 1986. Biotopkartierung im besiedelten Bereich der Bundesrepublik Deutschland. 

Landschaft und Stadt 18, vol. 1, pp. 25–38. Sukopp, H. & L. Trepl (1990): Naturschutz in Groß-
städten. Unpublished manuscript, TU Berlin. 

Umweltatlas Berlin 1987. Der Senator für Stadtentwicklung und Umweltschutz (ed.), (1987): Umweltatlas 
Berlin. Band 2. Stadtökologische Raumeinheiten, pp. 1–2. 


