
23

Landscape systems: spatial structure and 
speed of changes

Tadeusz J. Chmielewski

University of Life Sciences in Lublin, 
Department of Landscape Ecology and Nature Conservation

Dobrzańskiego 37 St, 20-262 Lublin, Poland
e-mail: tadeusz.chmielewski@up.lublin.pl 

  
 _____________________________________________________________________________ 

Abstract: Landscape systems change in time and space, but the dynamics of changes of the particular components of 
the systems varies, being usually the lowest in the case of natural changes of abiotic components and the highest in the 
case of transformations of anthropogenic components. Also varied are the general directions of those changes. Abiotic 
systems generally tend towards lower entropy, to a gradual equalisation of the values of physical parameters (pressures, 
temperatures, differences in elevation etc.), but at the same time – in the processes of natural transformations of the 
environment – they create numerous highly diversified forms (sedimentary rocks, river meanders, erosion rifts, inselbergs 
etc.) that increase geodiversity. Biotic and anthropogenic systems tend, in turn, to an increase of the complexity of their 
structures and functions. The biotic system develops at the cost of the resources of the abiotic system, but at the same 
time it contributes to them (organic rocks, deposits of coal, oil, peat etc.). The anthropogenic system develops at the cost 
of the resources of both the abiotic and the biotic systems, often leading to a complete depletion of some of the resources. 
It destabilises the biotic system, but at the same time it enriches it with numerous utility taxons (crop plants, breed animals 
etc.), usually unable to function without human participation. However, there is also a fourth – hitherto probably unnoticed 
– important difference between the biotic and anthropogenic systems. The former, with increase in the area and complexity 
of its structure increases also its stability and resistance to degradation, attains a higher level of ecological equilibrium; 
the latter, on the other hand, increases the dynamics of its structure and functions, up to the point losing the capacity for 
efficient management. Understanding the meaning of those differences and relations will permit better diagnosis, planning 
and management of landscape systems. It will also bring us closer to the appearance of a general theory of landscape 
systems. 
The objective of the study presented herein is the development model, as simple as possible, of the processes taking 
place in the natural and anthropogenic components of landscape systems, and analysis of relationship between them. In 
particular, an attempt was undertaken at estimating the relationship between the degree of complexity of the spatial structure 
and the rate of changes in the natural and anthropogenic components of landscape systems. 
Three matrix models of the main processes taking place in landscape systems in the last decades were developed. These 
models permit synthetic presentation of the character, directions and scale of  the landscape changes, and estimation of 
their role in the development of biological diversity, and in the efficiency of functioning of the natural and anthropogenic 
components of landscape. The models, as well as the results of analyses of relationship between them, may be useful in the 
development of the general theory of landscape systems. They can also be used as a reference for the creation of strategies 
for the conservation and management of landscape systems at the scale of various countries and regions. 
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Introduction
According to the current state of knowledge, landscape is an extensive and complex system comprising three 
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hierarchic mutually related systems: 
(a)   the abiotic, composed of geocomplexes;
(b)  the biotic, organised into populations and biocenoses remaining in strong relations with their habitats, as a 
result of which ecosystems and physiocenoses are formed; 
(c) the anthropogenic, comprising landscape elements created or transformed by man. 
That system transforms matter and energy and has a multisensory effect on living organisms being its 
elements. The visual effect of coexistence of all elements of the system in a given area is the specific landscape 
physiognomy [Chmielewski 2011]. 
Landscape systems change in time and space, the dynamics of change of the systems listed above being 
different: usually the lowest in the case of natural transformations of abiotic components and the highest in the 
case of transformations of anthropogenic components [Berkes et al., ed. 2006]. Also varied are the general 
directions of those changes. Abiotic systems generally tend towards lower entropy, to a gradual equalisation 
of the values of physical parameters (pressures, temperatures, differences in elevation etc.), but at the same 
time – in the processes of natural transformations of the environment – they create numerous highly diversified 
forms (sedimentary rocks, river meanders, erosion rifts, inselbergs etc.) that increase geodiversity [Eberhard 
ed. 1997, Grey 2004, Ibáńez et al. 2005]. Biotic and anthropogenic systems tend, in turn, to an increase of 
the complexity of their structures and functions [Schulze, Money ed. 1994, Odum 1996, Chapin et al. 2002, 
McDonnel et al. 2009].
The biotic system develops at the cost of the resources of the abiotic system, but at the same time it contributes 
to them (organic rocks, deposits of coal, oil, peat etc.). The anthropogenic system develops at the cost of the 
resources of both the abiotic and the biotic systems, often leading to a complete depletion of some of the 
resources. It does not enrich the abiotic system, but makes it a receiver of wastes. It destabilises the biotic 
system, but at the same time it enriches it with numerous utility taxons (crop plants, breed animals etc.), usually 
unable to function without human participation.
However, there is also a fourth – hitherto probably unnoticed – important difference between the biotic and 
anthropogenic systems. The former, with increase in the area and complexity of its structure increases also its 
stability and resistance to degradation, attains a higher level of ecological equilibrium; the latter, on the other 
hand, with increase in area and in the level of investment, increases still the dynamics of its structure and 
functions, up to the point losing the capacity for efficient management. 
Understanding the meaning of those differences and relations will permit better diagnosis, planning and 
management of landscape systems. It will also bring us closer to the creation of a general theory of landscape 
systems.

Objective and method

Modelling is a method frequently applied to illustrate processes taking place in highly complex systems. Although 
a model simplifies the real picture, at the same time it emphasises and permits the understanding of the most 
important key features of the system [Bertalanffy 1984]. In sciences dealing with the landscape, modelling is 
the final stage of syntheses, but also it can be the introduction to the creation of a general theory of landscape 
systems [Chmielewski 2008]. 
The objective of the study presented herein is the development model, as simple as possible, of the processes 
taking place in the natural and anthropogenic components of landscape systems, and analysis of relationship 
between them. In particular, an attempt was undertaken at estimating the relationship between the degree of 
complexity of the spatial structure and the rate of changes in the natural and anthropogenic components of 
landscape systems. 
The most important processes taking place in natural system in recent decades include the following:
1. Shrinkage of biologically active areas; 
2. Simplification of structure and decrease of biological diversity;
3. Fragmentation and geometrisation of ecological landscape systems.
The most important process taking place in anthropogenic systems is the urbanisation of landscape [Turner et 



Landscape systems ...

25

al. 2001, Berkes et al. eds. 2006, Crooks & Sanjayan ed. 2006, Forman 2008, Chmielewski 2011].
Comparison of several – developed by other authors – models of the fragmentation of landscape and limitation 
of areas biologically active [e.g. Forman 1995, Collinge 1998] and models of urbanisation [e.g. Nowakowski 
2006, Forman 2008] were performed. On the basis of literature review and own multi-year studies [e.g. 
Chmielewski 2001, 2011, Chmielewski ed. 2009] – two modified and enhanced matrix models of the processes 
were elaborated, as well as the author’s original model illustrating the process of structure simplification and 
impoverishment of biodiversity of ecological systems. Relationship identified through comparative analyses of 
all three models are presented in graphical form. 

Results

The processes of shrinkage of biologically active areas, and fragmentation of ecological landscape systems are 
fundamentally affected by the following human activities:
• Perforation of structure of natural complexes through, among other: felling of successive fragments of forest 
patches, transformation of a part of grasslands into arable fields, creation of “settlement islands” in hitherto 
untransformed ecological zones etc.;
• Cutting or dissection of natural complexes with anthropogenic linear structures: roads, railway lines, power 
lines etc. and gradual expansion of those dissections (e.g. through development of building along roads), up to 
the point of leaving only narrow nature belts on the edges of the anthropogenic band;
• Double-cutting or densification of the grid of such dissections, up to the point of creation of residual „nature 
islands” on the edges of the former extensive complex of natural ecosystems;
• Suffocation, or successive limitation of the area of natural nature complexes through the development of 
anthropogenic structures around them and gradual tightening of the ring. 
The model of 4-stage development of those processes was presented in the form of a 16-field matrix (fig. 1).

Fig. 1. Matrix model of 4-stage process of shrinkage of biologically active area and fragmentation of ecological landscape 
systems (original elaboration of the author, inspired by works of Forman, 1995, and Collinge, 1998)
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In turn, the processes of simplification of structure and decrease of biological diversity of ecological landscape 
systems are fundamentally affected by the following landscape transformations: 
• Processes of shrinkage of biologically active area and landscape fragmentation, described above; 
• Increasing isolation of individual natural refuges from one another, successively through narrowing, over-
building, fragmentation, up to the elimination of ecological corridors;
• Regulation of river beds, dissection of natural complexes with a grid of drainage ditches and intensifying 
drainage of catchments, up to the disappearance of water flow in certain water courses;
• Elimination of internal diversity of natural complexes through, among other things, the effect of the two 
processes mentioned above, but also through the elimination of many structures that are small but important 
for the biological and landscape diversity: small water bodies, sandbars and sand dunes, rocks and boulders, 
loess cliffs and valleys, xerothermic swards, and also through felling of forests and tree stands in river valleys, 
elimination of baulks, tree lines and bushes in the agricultural landscape, proliferation of monoculture crop 
cultivations etc.;
• Geometrisation of the structure of land cover through straightening and narrowing of borderlines of natural 
ecosystems and introduction of increasing numbers of linear structures in the landscape.
The model of 4-stage development of those processes was presented in the form of a 16-field matrix (fig. 2).
Comparative analysis of those models, performed on the base of the current state of knowledge on the 
functioning of landscape systems, permitted the conclusion that, in most cases, the processes of shrinkage of 
biologically active area and fragmentation of landscape nature systems initially take place at fairly slow rates, to 
accelerate gradually in the second and third stages (fig. 3, line a). 
The process of simplification of structure and decrease of diversity of natural nature complexes proceeds initially 
somewhat more slowly than the former process, as ecological systems – thanks to autoregulation processes 
– are capable of retaining their structure within landscape patches over a certain period of time, their ecotone 

Fig. 2. Matrix model of 4-stage process of simplification of structure and decrease of biological diversity of ecological 
landscape systems (original elaboration of the author)
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zones being subject primarily to the ongoing changes. However, once a certain threshold of anthropogenic 
pressure has been exceeded, they undergo very rapid degradation (fig. 3, line b). The rate of changes of 
biological diversity is slow in large ecosystems, and the decrease of their area accelerates very fast [compare 
with data of e.g.: Mac Arthur, Wilson 1967, Schulze & Money ed. 1994, Samson & Knopf  ed. 1996, Chmielewski 
red. 2009]. The fastest drop is observed in the case of the general efficiency of functioning of ecological systems 
(their capabilities of regulation, reproduction,  regeneration etc.), as that efficiency is a subject to the synergic 
effect of the two processes described above (fig. 3, line c).

Fig. 3. Model of relations between the rate of shrinkage of area and simplification of structure and the efficiency of functioning 
of ecological systems. The ecological system levels of organisation A, B, C, D correspond to columns A, B, C, D of 
the matrix in Fig. 1 and 2. Line a – fragmentation and shrinkage of biologically active area; line b – simplification 
of structure and diversity of ecological systems; line c – efficiency of functioning of ecological systems (original 
elaboration of the author).

The processes of growth of cities, having a fundamental effect on the urbanisation of landscape, can proceed 
according to various scenarios (models), among which the following are considered to be the most frequent:
• Concentric-rings growth;
• Appearance of satellite centres and their merging with the growing centre (“budding” and absorption of 
satellites);
• Expansion of urbanised areas along transport corridors (“swelling” of corridors);
• Progressing scattered urbanisation of suburban areas (“exploding dispersion”).
Also the model of 4-stage development of those processes was presented in the form of a 16-field matrix (fig. 
4).
The rate of spatial growth, however, does not always proceed in harmony with the development of the functions 
of settlement centres. Initially already a slight growth in the size of a settlement centre causes a significant 
growth of its functions (primarily in employment and services offered). Settlement systems that have become 
very large in terms of space encounter increasingly grave functional problems (related with, among other things, 
limited resources of the environment, inefficiency of infrastructure, increasing labour time requirements) and 
social problems (growing level of competition, alienation, loss of cultural identity etc.) [see e.g. data in: Malisz 
1981, Berkes et al. ed. 2006, Kozłowski ed. 2006, Forman 2008, McDonell et al. ed. 2009]  (Fig. 5, lines a, b).  

Conclusions 

The elaborated three matrix models of the main processes taking place in recent decades in landscape systems 
permit synthetic presentation of the character, directions and scale of those changes, and estimation of their role 
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Fig. 4. Matrix model of 4-stage process of urban development (original elaboration of the author, inspired by the work of 
Forman, 2008)

Fig. 5. Model of relations between the growth rate of structure (line a) and the development of functions of cities (line b). 
The levels of organisation of anthropogenic system A, B, C, D correspond to columns A, B, C, D of the matrix in Fig. 
4 (original elaboration of the author)
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in the formation of biological diversity, as well as in the efficiency of functioning of the natural and anthropogenic 
components of landscape.
The models developed, and the results of analyses of relationships between them, may be of use in the 
development of a general theory of landscape systems. They can also constitute a reference for the formulation 
of strategies of the conservation and management of landscape systems on the scale of various countries and 
regions.
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