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Self-organisation in urban systems
undergoing transformation

Abstract. The theory of self-organisation is an efficient tool for reconstructing the dy-
namics and evolution of urban and regional systems. It allows the adoption of realistic
assumptions concerning socio-economic and spatial conditions of the operation and devel-
opment of multi-component systems, and offers flexible methods that can be employed to
derive from these assumptions a mechanism of the transformation of the macrostructures
of such systems. The mechanism includes: nonlinearity, instability and disequilibrium, self-
-reinforcement, interaction with the surroundings, and the formation of new (dissipative)
structures capable of performing new functions.

The author has participated in a research project on spatial self-organisation from an
early stage of its development. In the present article, he gives a survey of selected concep-
tions of self-organisation and achievements in the application of this theory. He also pre-
sents the results of an empirical study of the economy of the city of Poznañ. The study
focused on the question of the stability/instability of the principal domains of the city’s
economic life in order to find out if there were mechanisms permitting the economy to
regain stability and a new equilibrium after the profound structural changes brought about
by the systemic transformation.

1. Selected approaches to the study of the evolution
of nonlinear spatial-economic systems

Outstanding work has come out of geographical and economic research on the
nonlinear evolution of spatio-economic systems. This is usually traced back to the
work of Hägerstrand (1967), though the begginnings were really even further back
in time. The transfer of Hägerstrand’s ideas to the USA by Morill (1962) led to
their accelerated diffusion and adoption in many university centres worldwide. In
the late 1960s and early 1970s, a new phase of research opened up – one inspired
by the theory of dynamic systems. At almost the same time, publications on the
theme appeared in two separate scientific schools of thought. In one, which might
be termed the Belgian-British school, and which initially drew heavily on the theory
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of Prigogine, the leading figure was and is Allen (Allen and Sanglier 1979, 1981;
Clark Perez-Trejo and Allen 1995). In the second, North American, school, the
pioneering work was done, albeit using different methods, by White (1977-1978),
as well as by Dendrinos and co-workers (Dendrinos, 1978, 1992, and Dendrinos
and Mullally 1985). Dendrinos devoted many subsequent years to the issue.

As the subject of their studies, Allen and his co-workers took urban systems,
both individual cities and systems of cities. Their model of a system of cities is
a dynamic version of Christallers’s central place theory and assumes interaction
between the distribution of the population and employment possibilities. The mecha-
nism of interaction contains positive feedback creating conditions for the self-
-organisation of a spatial structure which results from the action of events that are
both random and determined by the laws of economics. The evolution of the sys-
tem is manifested in successive transformations of the structure and Prigogine termed
such evolution “order through fluctuation”.

Dendrinos and Mullally (1985) proposed modelling the evolution of an urban
system with the aid of methods taken from mathematical ecology. They proceeded
on the assumption that, while the processes comprising urban dynamics are highly
complex, the macroscopic state of an urban system is straightforward and easily
described and understood. They considered that determininistic models would suf-
fice, providing an adequate approximation of the real systems.

New ideas from the original sources were adopted and applied first by Polish,
French and Italian workers. Linking up with the concepts of Allen and Sanglier
(1979), Domañski and Wierzbicki (1981, 1983) drew up a modified model for the
non-linear evolution of a settlement system. Elements of randomness were intro-
duced into the model, and it was given a more operational form which was easier to
apply in simulations. The French school, as represented by Pumain, Saint-Julien
and Sanders (1986), put forward a model of the internal evolution of an urban
system. This was based on an assumption that an urban area is made up of many
zones with a defined number of people and defined economic activity. The area is
open, and interacts with its surroundings. The empirical application of the model
by the aforementioned authors showed that model to be appropriate in the study of
evolving urban spatial structures. Evolutionary changes result from differences
between the existing and potential use of different zones, and the differences de-
pend in turn on the relative attractiveness of the zones to people and the economy.
Business entities adjust to the changing conditions but are not motivated to work
towards the balanced or optimal state of the system. Non-linearities occurring in
their actions, and shaping the structure of the urban system, result mainly from the
imitation and anticipation of the actions of others.

The arrangement of non-linear differential equations describing the population
and economy in each zone allows a simulation of qualitative changes in the spatial
configuration of the urban system. Configurations change qualitatively as a result
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of their instability. In observing the interactions between variables in the system it
is possible to point to critical values for particular parameters at which the configu-
ration becomes unstable and evolves towards another.

The Italian school, as represented by the group of Camagni, Diappi and Leonardi
(1986), was also inspired by the work of Allen, and developed research on the
growth or decline of cities in a hierarchical system.

In the development of theories of the non-linear evolution of urban and regional
systems, unexpected allies of regional economists and geographers were to appear
in the form of theoretical physicists engaged in the studies of synergetics. This is
a multidisciplinary field involving the search for universal regularities behind the
functioning and development of macrostructures shaped in multi-component sys-
tems as a result of the mutual impacts of those components. Human society and the
cities and regions which it creates are such multi-component systems. Put forward
first and foremost was an organized methodology for research into the non-linear
evolution of dynamic systems. This methodology has proved suitable for research
in many empirical fields. Impressive activity developed, especially from W.
Weidlich, around whom a strong team of enthusiasts of synergetics gathered. The
team obtained interesting results in its studies of settlement systems (Weidlich and
Haag 1987, Weidlich and Munz 1990) and of migration (Weidlich and Haag, eds.
1988). The next phase in the diffusion of evolutionary ideas into geography,
regionalistics and urban economics took in an ever-wider circle of centres of learn-
ing. New models appeared and attempts were made to test them. An important role
in inspiring creativity and in disseminating results was played by a series of works
entitled “Socio-Spatial Dynamics”, published by the University of Kansas under
the editorship of D. Dendrinos.

A summary of the current state of knowledge on the non-linear evolution of
spatial economic systems was provided by study volumes prepared under the
editorship of Nijkamp and Reggiani (1993). Besides bringing order to a field un-
dergoing lively development, they also made their own contribution to it (Nijkamp
1987; Nijkamp and Reggiani 1992).

This author has been involved in the dynamics of spatial economic systems for
many years. His attention initially turned to theoretical concepts inspired by opti-
mization models of the growth of multiregional systems (1973). In the light of the
first attempts, the author came to the conclusion that these models needed to be
specified by the formulation and verification of hypotheses of a substantial nature.
The direction of this work was described in general terms in an outline theory of
the processes at work in a settlement system (1976). From there, he developed it
steadily, with the first summary of the results being presented in an article entitled
“The principal theorem of a theory of settlement-system development” (1980).

A beginning was given to further stages of the author’s work by the inspiring
ideas of non-linear dynamic systems. These ideas were developed in studies con-
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cerning the diffusion of innovations; spatial self-organisation; theories of catastro-
phe, stability and complexity in self-organising systems; the regional consequences
of technological change (this work unintentionally revealed deterministic chaos);
and theories of dissipative structures and synergetics as applied in the study of
urban development, ecologically-sustainable development, and the spatial
organisation of the process of transition from a centralized to a market economic
system (Domañski 1984-2001).

2. Instability and structural transformation

A concept usually adopted in strategic programmes of urban development is that of
harmonious development. Currently, this concept is taken to designate a steady and
balanced development. The idea is rational and convincing, but only so long as we
discuss it in terms of colloquial language. In exact disciplines, including nonlinear
dynamical systems theory, the balance and steadiness of development enter a dif-
ferent relation. To explain this difference, let us introduce the notion of stability.

Various definitions of stability are adopted (Uchmañski 1992, pp. 164-165),
depending on how far the variables of a system are allowed to depart from the state
of equilibrium. Owing to the mathematical apparatus available, the notion com-
monly used in system modelling is that of asymptotic stability, which states that
with the passage of time the variables assume values ever closer to the state of
equilibrium. If the oscillations of the variables around the point of equilibrium are
slight and do not exceed a permitted value interval, the variables are considered to
be in the state of dynamic equilibrium.

The assumption of a system’s return to equilibrium after a displacement means
that the modelling based on it can only map recurrent and reversible processes.
Such models can produce good projections of system behaviour, but usually in the
short run only. In reality, systems, even if the forces acting upon them are weak but
nonlinearly coupled, can depart from the state of equilibrium beyond the boundary
values. Their internal structure disintegrates, which is accompanied by chaos phe-
nomena. At a bifurcation point, which is situated beyond the boundary values, the
system takes a turn towards a new trajectory, usually as a result of a combination of
deterministic and chance factors. This gives rise to the process of spontaneous self-
-organisation, which ends in a new order and the transformation of the system
structure. The new structure acquires new properties, through which the system
liberates itself from the imposed limitations (Prigogine 1967, Weidlich and Haag
1983, 1987).

Chaos has also been given a new interpretation. The hypothesis that, in nature
and society, there are macroscopic systems having strictly determined structures
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but behaving in a random manner, has been confirmed. Such behaviour is called
deterministic chaos. It results from a system’s sensitivity to critical parameters and
initial conditions. It appears in specific initial conditions and at specific intervals of
parameter values, and is absent under different initial conditions and at different
intervals of parameter values. Its instances can also occur as a result of introducing
new variables into the initial structure of the model.

In nonlinear dynamical systems theory chaos has no negative connotations. It is
treated as a neutral, or even creative, phenomenon without which no transforma-
tion of the internal logic of a system or its links with the changing surroundings
would be possible. However, it plays this role on condition that, at an appropriate
time, the establishment of new rules and spontaneous self-organisation overcome it
and lead to the integration of the system at a new level of complexity. At this level,
the system approaches a new equilibrium.

In this approach, the evolution of the system is a series of instabilities, phase
shifts, and self-organisation. The transition to a new organisation is an irrevers-
ible process giving the system a new structure and moving it towards a new qual-
ity.

The new structure that emerges from a phase shift has different properties than
the previous one. It regains stability for a time and acquires new dynamics, an
ability to perform new functions, and a higher efficiency of operation.

Stability is correlated with system complexity. It is claimed in mathematical
ecology that in stochastic models of ecological systems an increase in complexity
leads to a decrease in the stability of system dynamics. While in models constructed
along different lines this relation may not be quite as straightforward, the claim is
often readily generalised. The ecological conclusions that can be drawn from it are
as follows (Uchmañski 1992, p. 135): stable environments will support complex
and species-rich ecosystems, while unstable environments will only support simple
ecological systems.

In the nonlinear systems we are discussing in the present article, the problem of
equilibrium and its stability is more complicated than in linear ones. Its solution is
difficult or altogether nonexistent. What is possible, though, is a qualitative analy-
sis of differential equations that describe it. It may provide an insight into the issue
of stability.

In the phase space of nonlinear systems, equilibrium need not be a point, as in
linear systems. It may be a closed curve that attracts or repels a trajectory. This kind
of curve is called a limit cycle. Trajectories of a stable system wind themselves
onto the limit cycle, and those of an unstable system unwind themselves from it.
Variables of the stable system are characterised by oscillations which narrow and
equalise over time. Their amplitudes do not depend on the initial conditions. The
trajectories, after a suitably long time, wind themselves onto a stable limit cycle,
under any initial conditions.
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In the process of transformation of an urban economic system that we describe
using differential equations, sudden changes of state occur which cause the vari-
ables (functions of time) that characterise it to exceed stability limits. They may
bring about a change in the trajectory of the system which takes place as a result of
fast movements of the state variables towards an alternative trajectory. It is given
by co-ordinates determined on the basis of values of the state variables. The alter-
native trajectory may be stable or unstable. In the latter case, it will lead to an
explosive growth or a sharp fall. In the period of transformation, it is especially
important to establish toward what trajectory the system is moving, because this
helps to anticipate the system’s behaviour after it has gone through a period of
fluctuations, during which it is hard to identify any tendency at all. Thus, it also
expands the scientific foundations underlying the city’s economic policy.

What cognitive results and conclusions for the city’s economic policy can be
expected from the study of the stability/instability of its economy? The fundamen-
tal result is an answer to the question of whether the urban system and its parts
show the ability to regain an equilibrium after the sharp fluctuations they have
experienced as a consequence of the transformation shock. The assumption made
here is that sharp fluctuations cannot last long, because this could lead to system
degradation.

What makes the question a crucial one are the following facts. The political and
economic reforms have changed the mode of operation and development of towns
and regions. Command mechanisms have been replaced by market ones. The new
mechanisms, however, have not taken root in the same way in all towns and re-
gions. The macroeconomic policy based on the liberal doctrine did not use admin-
istrative enforcement to change the mechanisms. And regional policy was underes-
timated and deprived of stronger instruments of operation in the first years of the
transformation.

Thus, the above question can be extended to the issue of whether market mecha-
nisms, supported by a liberal macroeconomic policy and corrected by a weak re-
gional policy, are capable of suppressing the transformational fluctuations display-
ing symptoms of chaotic behaviour. The question and the element of doubt it con-
tains are all the more justified as new economic processes occur partly in old struc-
tures (organisational, technical, social, cultural). These structures are hardly flex-
ible, and so they obstruct the recovery of equilibrium.

A hypothetical answer suggested by nonlinear system dynamics is as follows:
urban and regional systems, thrown off balance and showing fluctuations, can come
back to an equilibrium if they have the attribute of stability. It is assumed that, after
the transformational shock and the replacement of the command system with
a market one, the economies of towns and regions should be stable enough to func-
tion using the mechanisms of self-regulation and automatic steering. Moreover,
with the help of available instruments, and in the conditions of unavoidable con-
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straints, they should be able to develop in accordance with the direction function of
the new system as expressed in a sensible economic policy and its targets.

The assumption that can be made in the economic policy for the stability period
in which there is feedback of the compensating type is that covariation between
particular sectors of the economy, upset in the transformation period (adaptation
process), will be restored. It can also be expected that a stable urban environment
will be favourable to the diversification of the economic structure and to creativity.
Economic development can be more predictable. Stability and predictability are
advantageous to long-term urban investments in technical and social infrastruc-
ture, environmental protection, residential construction, and creating an urban land
reserve. It also enhances the attractiveness of the city to external investors and
creates a climate of confidence in business, and hence conditions for the city to
organise economic networks producing synergistic effects. In the economic policy
for the instability period when the feedback is cumulative, it is important to antici-
pate the direction of change, identify those fields in which cumulation effects are
found to occur, and take action favourable to the self-organisation of the urban
system and the emergence of a new order.

The stability or instability of urban economic systems determine the kind of
economic policy of the city authorities, and more precisely, the scope of interven-
tion and instruments available. If the economic systems are stable, it means that
they are capable, to a certain extent, of self-regulation and automatic steering. Eco-
nomic policy can be limited to a narrow scope of intervention. Otherwise, the policy
must create new states and establish new relations, which means that the scope of
intervention must be much broader. Moreover, with the help of simulation experi-
ments, it can be determined which variables and parameters are responsible for the
instability and putting the systems on their way back to equilibrium. By its influ-
ence on those variables and parameters, economic policy can regulate the behaviour
of the systems.

Instability also means that the system of transformations still persists. Economic
policy should seek an answer to the question of whether further persistence of
instability might lead to disfunction. Stability means approaching an equilibrium.
Economic policy, however, should answer another question: if the equilibrium is
not stagnation. In a full economic analysis, a study of stability should be coupled
with an analysis of development efficiency and dynamics.

Can the hypothesis about the stability/instability of an urban economic system
and its parts be tested in a measurable way? We know of no studies on the subject
in the Polish literature. An attempt made in the present work is an experiment
designed to formulate the problem and try a method of solving it. It is not an ex-
haustive investigation, and its results give a limited scope for conclusions. Rather,
they are of a symptomatic character. The object of the computational experiments
is the economy of Poznañ.
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3. Self-organisation of urban and regional systems

The notion of self-organisation has become popular in recent years thanks to the
works by I. Prigogine, for which he has received a Nobel Prize. This notion is
known from thermodynamics (Prigogine 1967). However, it has turned out to be
inspiring not only in physics, but also in chemistry and biology. Also some schol-
ars studying social problems and specialists in systems analysis have started to
apply Prigogine’s theories concerning physical systems in their research on social
systems.

Prigogine’s theory shows the way in which complex systems pass from one
structure to another, from one order to another. It considers systems which: (1) are
open to the flow of energy and matter (exchange with the surroundings), (2) are
marked by the occurrence of nonlinearities, and (3) are in a state far from an equi-
librium.

Prigogine’s starting point was the assumption that, in certain conditions, open
systems developed into more and more complicated structures. He examined the
effect of those conditions and showed that when they obtained, the systems could,
or even had to, undergo such an evolution. The conditions included the above-
mentioned state of disequilibrium and the occurrence of nonlinearities. The struc-
tures that developed in those conditions were termed dissipative by Prigogine (from
the Latin dissipatio – scattering), because they took energy and matter from the
surroundings and then dissipated them.

The way in which complex systems pass from one structure to another looks as
follows. In a period of stability, a system can experience a sudden perturbation. Its
response to it are more intense fluctuations. After a certain gradient has been reached,
the fluctuations are amplified and bring about macroscopic movements which lead
to the emergence of a new order, a new structure, which is sustained by the ex-
change of energy and matter with the surroundings. The new structure displays
new properties and can perform new, more complex, functions characterised by
higher effectiveness. For example, cities which grow as a result of changes in their
macrostructure can move up in the hierarchy of the settlement system. In conse-
quence, their functions grow in scope. New productive functions can be added to
the old ones consisting in attracting earlier stages of the life cycle of products as
well as trade, transport, banking, insurance, educational, scientific, and administra-
tive functions. International economic, political, social and cultural relations ex-
pand considerably. This is manifested both in transactions made by enterprises and
in permanent economic links and partnership relations with European and non-
European cities and regions. The shift in the hierarchical system and the extension
of functions also change the properties of cities in which new dissipative structures
have formed. The cities usually develop a greater ability to assimilate and diffuse
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innovations, and to generate bigger economic surpluses on the basis of which they
can accelerate their growth; they become more important as centres of economic
and scientific contacts, and their economies acquire more characteristics of net-
work economies. All this goes with an increased ability of cities and regions to
learn. The situation of various social layers, the state of the natural environment,
and the attractiveness of active spaces keep changing. If the fluctuations do not
reach the limit value of the gradient, they are damped and vanish. Successive per-
turbations and fluctuations lead to ever more complicated structures. This process
of transition is summed up briefly by the subtitle of the book by G. Nicolis and
I. Prigogine (1977), From dissipative structures to order through fluctuations.

The first attempts to apply the concept of spatial self-organisation to the study of
spatial-economic systems have been encouraging. There is no need to explain at
length that what is involved is not a mechanical transfer of the notions of thermo-
dynamics to economic geography and urban and regional economics, but rather
inspirations deriving from a conception whose multidisciplinary interest has been
proved.

This article refers to the approach adopted by Allen and Sanglier (1979). It rests
on their assumptions and way of inference. However, the model applied in this
study is different. It has a different form, and is more elaborate in many respects
and capable of mapping more complex situations.

Our model was built in a specific context, namely, we were interested in the
modelling of a settlement system in agricultural regions (Domañski 1980). More-
over, our intention was to emphasise the role of services in modernising rural settle-
ments. Still, the model can be readily extended and generalised to include other
factors of settlement development and other types of regions.

It is assumed that the initial state of a settlement system changes under the influ-
ence of two factors: the introduction of new economic activities into settlement
units, and interactions among the settlement units that make up the system. It is
also assumed that the evolution of the settlement system is a result of an interaction
between the spatial distribution of economic activities and the distribution of the
population. The distribution of economic activities can be expressed in terms of
employment distribution. An increase in employment entails an increase in the
population which, in turn, creates new labour resources, new possibilities of sales
of goods, and new possibilities of employment. The effect of higher employment
on the population increase opens a new interaction cycle.

The interaction creates conditions in which self-organisation of the settlement
system can occur (Nicolis, Prigogine 1977). It can start from small changes in
employment or the population in successive time intervals. The changes are then
amplified owing to the interaction among the system components, because it in-
volves multiplier and cumulative effects. The mechanism of cumulative causation
and multipliers leads from small changes to qualitative transformations of the sys-
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tem structure, or in other words, to restructuring (Fig. 1). Stronger impulses of
change, e.g. big investments, usually accelerate the process of transformation, but
they can be included in a model with a similar structure.

Here, the term restructuring means changes in the locational and hierarchical
pattern of the settlement system occurring as a result of growth of some elements of
the system, shrinking of other elements, and shifts of elements between various
hierarchical levels of the system. Changes of this type are connected with changes
in the pattern of interactions among the elements (Fig. 2).

4. Empirical evidence of stability – instability of nonlinear
spatio-economic systems. Case study of the City of Poznañ

The statistical data available for Poznañ allow a study of stability of the following
systems of variables: (a) number of business entities and investment outlays, (b)
industrial output in high-tech sectors and profitability of enterprises, (c) industrial
output in high-tech sectors and commercial companies with the participation of
foreign capital, (d) yearly increase in the number of business entities and profit-
ability of enterprises, (e) investment outlays and industrial output, (f) industrial

Fig. 1. Changes in the structure of a rural settlement network
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Fig. 2. Model of crystallisation of a network of rural settlements

output and sulphur dioxide emission by enterprises especially burdensome to the
environment, (g) mean wages and flats completed per 1,000 marriages contracted,
(h) mean wages and population migrations, (i) flats completed per 1,000 marriages
contracted and population migrations, (j) mean wages and number of vehicles per
1,000 inhabitants.

The stability of such systems can be studied when their trajectories are defined.
The trajectories can be plotted by simulating the development of the systems. To
this end, a suitable simulation model is necessary. Theoretically, one can arrive at
such a model in two steps: (1) approximation of interrelations among variables
characterising the systems under study; despite deep and irregular fluctuations, it is
possible to find functions (polynomials) which map the variability of real systems
well; and (2) bringing the model to a form allowing the extrapolation of the interre-
lations identified in the approximation procedure.

In our experiment, this turned out to be impossible. One might have expected it
because of the deep and irregular fluctuations found in the period of departure from
the state of equilibrium. This kind of behaviour is impossible to extrapolate. A
model useful for further research had to be sought in scientific literature.
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Nonlinear dynamic models were found that had been put to the test in spatial-
economic studies. Their building was inspired by the system of Volterra-Lotka
differential equations. Based on these equations is their predator-prey model, which
belongs to the canon of mathematical ecology. Later, it was observed that the model
was also capable of mapping interrelationships in systems other than ecological
ones. It can generate oscillations of system variables, stable and unstable trajecto-
ries, as well as stabilising effects of competition among subsystems, and within
them, among their particular elements. It became even more topical with the
popularisation of the concept of eco-development stipulating that the economy-
environment system should switch to a trajectory more friendly towards the envi-
ronment. The present study makes use, with minor modifications, of the model
tested previously by Dendrinos and Mullally (1982) on the basis of data concern-
ing the development of American cities:

2)( bxxyya
dt
dx

--=

yxxc
dt
dy

)( -=

where:
x, y – variables of the system,
a, b, c – parameters of the system,

yx, – steady states of the variables,
bx2 – a repelling factor (e.g., negative external effects of agglomeration).
In many applications of the model, the parameters can be given the following

interpretation: a – interaction of the dynamics of variables x and y; b – positive or
negative external effects; c – reserves of or barriers to the development of the sys-
tem.

In our applications, it was necessary to modify the above form of the model,
assumed as basic. The expression bx2 was placed differently, another, hy2, was added,
and variables and were defined in a different way.

In many applications of the model the parameters can be given the following
interpretation: a – interaction of the dynamics of variables x and y; b – positive or
negative external effects; c – reserves of or barriers to the development of the sys-
tem.

In our applications it was necessary to modify the above form of the model,
assumed as basic. The expression bx2 was placed differently, another, hy2, was added,
and variables x  and y  were defined in a different way.

Dendrinos and Mullally’s model maps the dynamics of the system: the contribu-
tion of regions to the country’s population and per capita income in regions in
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relation to mean income in the country. Its variables x  and y  have a specific
interpretation. The symbol x  denotes a steady state of a region’s population inter-
preted as its population capacity. The capacity reaches its limit in the last year of a
relative increase in per capita income. When the income stabilises or declines, it
means that the region’s population capacity has been exceeded. y  denotes a steady
state of the relation of a region’s per capita income to national income. The income
of a region’s resident achieves a steady state when it stops growing in relation to
the national level.

In our calculations the following definitions were adopted: x – the maximum
value of variable x in the years 1991-1996; y  – the arithmetic mean of variable y
for the years 1991-1996. The terms y and x  were defined in a similar way. The
change in definition was necessary because the chronological series under consid-
eration are too short to state whether a variable stabilises or not.

For each system of variables (x, y), the following were determined: a system of
differential equations, the initial conditions (initial values of the system variables),
estimated initial values of parameters, diagrams characterising parameter varia-
tions over the simulation period, the solution to the original problem using rational
approximation, diagrams of the values of system variables obtained from the solu-
tion, and the diagram of the interdependence of variables in the phase space illus-
trating the course of trajectories.

The initial values of variables (x, y) characterising the system were defined on
the basis of the 1991-1996 statistical data. The initial values of parameters a, b and
c were obtained through model estimation based on those data. Variations of the
parameters over the simulation period were plotted on the basis of theoretical know-
ledge of the force and shape of the relation between the dependent and independent
variables. The simulation covered a period of 25 years. Its aim was not to anticipate
a future course of events, but only to determine a property of the development path
(trajectory), viz. its stability.

With the help of this and modified models, the development paths of selected
systems of Poznañ’s economy were simulated. The solutions to the nonlinear sys-
tems of differential equations constituting the models yield what is called limit
cycles, whose patterns indicate stability (inward-winding spirals) or instability (out-
ward-winding spirals) of the development paths of the systems. If, however, the
pattern of variables dependent on time departs from the model assumptions mark-
edly, the results do not assume the shape of limit cycles, or outline only fragments
of such cycles.

Figures 3-12 are graphic illustrations of the solutions of the systems of differen-
tial equations that form the models. Below we present their interpretation.

Investment outlays are covariant with the number of business entities. The tra-
jectory winds inwards onto a stable limit cycle (Fig. 3). This suggests that predomi-
nant outlays are on investments with a short time of implementation made by newly
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established small and medium-sized businesses. The appearance of heavy invest-
ment in only some years would produce a different dependence of both variables
on time, disturb their covariance, and direct the trajectory towards instability.

Matters would take this direction if heavy investment were made in the city to
introduce new technologies and products or to improve its technical infrastructure.
This could start structural changes. Steps in this direction should be included among
the tasks of the city’s economic policy, the stability of the existing system notwith-
standing.

The advisability and efficiency of this kind of policy are confirmed by the for-
mation of another system, viz. that of output in high-tech industries and gross prof-
itability of enterprises. A stable limit cycle indicates that the two variables are
dependent on time in a similar way (Fig. 4). Thus, profitability of enterprises is
covariant with output in high-tech industries. The covariance is usually accompa-
nied by acceleration in the accumulation of the resources and in the rate of eco-
nomic growth.

A surprising observation can be made on the basis of Fig. 5. It allows the con-
clusion that industrial output in high-tech sectors and commercial companies with
the participation of foreign capital shows a different dependence on time. An ex-
planation may be the modernisation of traditional industries, in which foreign capi-
tal is engaged less frequently, and the activity of domestic capital in high-tech
industries. Both directions of progress should be supported by economic policy.

Co-occurrent with variations in the total number of business entities are a num-
ber of economic phenomena, among them the above-mentioned investment out-
lays. However, no such co-occurrence is observed if, instead of the total number of
entities, we take their yearly increases and compare them with the profitability of
enterprises. Fluctuations in the yearly increases are wide, and those in the profit-
ability slight. This discrepancy between the variables as functions of time produces
an unstable limit cycle (Fig. 6).

Equally unstable is the system involving investment outlays in industry and
industrial output (Fig. 7). The different type of dependence of the two variables on
time is caused by investments preceding production effects and by outlays frozen
in long-term investments. The city’s economic policy could improve this relation
in part by harmonising city investments with those made by enterprises and the
regional government. The other side would also have to harmonise its actions.

Further instability is observed in the system involving industrial output and sul-
phur dioxide emission by enterprises especially burdensome to the environment
(Fig. 8). This result might have been expected. Industrial output grows while sul-
phur dioxide emission decreases, albeit unsystematically. Relations among the sys-
tem elements are still in the process of changing. The fundamental transformation
has not occurred yet, and a further improvement in the relations can be expected. It
is hard to anticipate, though, in what time interval and under what conditions the
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trajectory is going to approach a stable limit cycle. One hypothesis can describe
a situation where, following a substantial reduction in the emission owing to clean
technologies and a decreasing role of industry as a result of structural changes in
the economy, both variables will tend to an equilibrium.

The system of wages and flats completed per 1,000 marriages contracted is
a stable one (Fig. 9). The assumption that the number of flats completed changes in
a way similar to the wage level would not be valid, though, because the purchase or
building of a flat usually requires other sources of income. It can be assumed,
however, that those other sources (savings, loan) are positively correlated with
earnings. As a result, we obtain a picture of statistical covariance.

A similar dependence on time is displayed by the variables of the system of
wages and population migrations (net migration) (Fig. 10). With its mean wages
higher than the regional and national averages (although the advantage is not what
might be expected), Poznañ is an attractive migration centre. Wages, naturally, are
not the only factor of the city’s attractiveness. Their co-occurrence with migration
movements suggests that wages may be correlated positively with the other fac-
tors. Administrative instruments apart, the city authorities have limited possibili-
ties of regulating migration movements. The decisive influence is the city’s many-
sided attractiveness (economic, social, and environmental). The authorities can
control migration movements by modifying these factors.

What is characteristic is the low covariance of residential construction and mi-
gration movements (Fig. 11). In explaining the weakness of this relation, one might
put forward the supposition that residential construction is not geared to the hous-
ing needs of migrants. Rather, it aims to improve the housing conditions of the
wealthier strata of city residents. Some of the growing (very slowly) housing re-
sources are rented to business people and young married couples finishing their
studies in Poznañ with prospects of increasing their incomes. One might wonder
how long the immigration to Poznañ, limited among other things by the housing
deficit, can persist at such a low level without decreasing the city’s demographic
and economic potential excessively. A temporary stagnation or drop in the number
of the population can be used to level out the disparities in the city’s development
(weak infrastructure, the shortage of flats). But the prolongation of this situation
can turn out to be disadvantageous for the city in the long run.

Figure 12 shows lack of covariance between wages and the number of cars per
1,000 of the population. The difference follows from the fact that cars are often
bought from incomes other than wages. There is a characteristic difference in the
relation between wages and residential construction on the one hand, and wages
and car purchases on the other. Wages and residential construction make up a stable
system; wages and car purchases form an unstable one. The difference probably
stems from the fact that, in the case of residential construction, sources of income
other than wages were more closely correlated with the wages. Cars, in turn, are
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quite often bought with the financial help of parents, or abroad as bargains (dam-
aged or old cars). These factors are only weakly correlated with wages.

Systems theory states that systems are stable if there is compensating feedback,
both negative and positive, among their elements. In the systems examined here,
such feedback occurs between the number of business entities and investment out-
lays, high-tech industrial output and profitability of enterprises, wages and resi-
dential construction, and wages and population migrations.

Systems are unstable if there is cumulative feedback among their elements. In
our study, it can be observed primarily in the system involving industrial output
and sulphur dioxide emission by especially burdensome enterprises. The increas-
ing output and falling emission make the system deviate from equilibrium more
and more. Another system that deviates from equilibrium is that of flats completed
per 1,000 marriages contracted and population migrations, which reveals a crisis in
residential construction and limited accessibility of flats to individuals and families
with average wages. A similar tendency is demonstrated by the system of wages
and cars per 1,000 inhabitants, which can be accounted for by the occurrence of
sources of income other than wages for which cars are bought.

In some systems, the dependence of elements on time can change in a longer
period, thus changing from unstable into stable or the other way round. In the case
of the system of yearly increases in the number of business entities and profitabil-
ity of enterprises, which is unstable right now, this can happen as a result of the
process of learning by investors and entrepreneurs to make more and more judi-
cious decisions improving the profitability of their ventures. In the case of the
system of industrial investment and industrial output, the stabilising factor, apart
from a judicious choice of the field of investment, might be the shortening of in-
vestment cycles and achievement of earlier production effects.

Summing up, the analysis of the stability of Poznañ’s economic systems, with
their number restricted by insufficiency of statistical data, allows the following
recommendations for the city’s economic policy to be formulated: (1) Attempts are
necessary to attract bigger investments introducing new technologies and products.
The investments made by small and medium-sized businesses, to whom Poznañ
owes a gentle passage through the first stage of transformation, are introducing
slow structural changes and elements of qualitative development. The acceleration
of growth requires deeper structural changes. (2) It is necessary to harmonise urban
investments with those made by enterprises, communes gravitating towards Poznañ,
and the government. The harmonisation should be reciprocated by these partners.
(3) Commercial companies with the participation of foreign capital should be re-
quired to contribute more modern technologies and products in their investment.
(4) Research should be carried out to determine if the low level of immigration to
Poznañ limited, among other things, by the small volume of residential construc-
tion, and the decreasing population are not a threat to the city’s demographic and



economic potential in the long run. If demographic forecasts should speak of a further
stagnation or decline in the population, it will be necessary to find a new model of
the city’s qualitative development and its changing economic structure. (5) The
presence of instability means that the transformation processes are still at work,
and that the city needs an active policy to direct the processes towards its goals.
Instability, in turn, requires studies to check if stability does not result in lower
dynamics and efficiency of development.

5. Conclusions

1. The methodological apparatus of self-organisation theory allows evolution to
be traced simultaneously in time and space. This makes it suitable for the study
of urban and regional systems in whose evolution such simultaneity occurs.

2. In spite of its high degree of complexity, this methodology can be applied in
empirical studies. It is flexible and does not require the adoption of simplifying
assumptions, e.g., one about the homogeneity of space. The methods of self-
-organisation theory can be superimposed on highly diversified socio-economic
and spatial conditions.

3. The theory of spatial self-organisation has enriched the methodologies of urban
and regional economics as well as economic geography with new models of the
nonlinear dynamics of systems.

4. The models help to determine mechanisms of the transition of urban and re-
gional systems from stage to stage. This makes them an efficient tool for the
study of the restructuring and transformation of systems.

5. In the countries undergoing transformation, a crucial question is whether urban
and regional systems have an ability which allows them to regain stability and a
new equilibrium after the period of shock treatment. Empirical research into the
economy of the city of Poznañ has shown that, despite the inertia of ownership
and organisational structures, such an ability may appear.

6. It might be useful to extend self-organisation theory to cover such fields as popu-
lation migration, capital flows, relocation of enterprises, and anticipation of fur-
ther transformations of urban and regional systems.
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Fig. 3. Simulation of the trajectory of the system of increase (in %) in the number
of economic entities (x) and increase in Poznañ’s share (in %) in national total
investment outlays (y). The trajectory obtained from the solution of a system of

differential equations. The years 1992-2020 – simulation period

Fig. 4. Simulation of the trajectory of the system of output of high-tech industry
as % of total indutrial output (x) and gross profitability of enterprises in Poznañ

in % (y). The trajectory obtained from the solution of a system of differential equations.
The years 1992-2020 – simulation period
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Fig. 5. Simulation of the trajectory of the system of output of high-tech industry
as % of total indutrial output (x) and commercial companies with the participation
of foreign capital in Poznañ per 1,000 economic entities (y). The trajectory obtained

from the solution of a system of differential equations. The years 1992-2020 –
simulation period

Fig. 6. Simulation of the trajectory of the system of increase in the number of
economic entities in Poznañ in % (x) and gross profitability of the city’s enterprises
in % (y). The trajectory obtained from the solution of a system of differential equations.

The years 1992-2020 – simulation period



26

Fig. 7. Simulation of the trajectory of the system of investment outlays in industry,
Poznañ’s share (in %) in the national total industry, Poznañ’s share (in %) in the
national total (x) and industrial output in Poznañ (y). The trajectory obtained from
the solution of a system of differential equations. The years 1992-2020 – simulation

period

Fig. 8. Simulation of the trajectory of the system of indutrial output (x) and sulphur
dioxide concentration in the air in Poznañ (y). The trajectory obtained from the

solution of a system of differential equations. The years 1992-2020 – simulation period
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Fig. 9. Simulation of the trajectory of the system of mean gross monthly wages in
the business sector (x) and flats completed per 1,000 marriages contracted

in Poznañ (y). The trajectory obtained from the solution of a system of differential
equations. The years 1992-2020 – simulation period

Fig. 10. Simulation of the trajectory of the system of mean gross monthly wages in
the business sector (x) and migrations of Poznañ’s population (y). The trajectory

obtained from the solution of a system of differential equations. The years 1992-2020 –
simulation period








