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ABSTRACT

The ecological gradient approach states that self-organized processes produce patterns of concentration profiles
that can be distinguished into structural and functional gradients. Throughout the undisturbed development of
such systems, certain attributes are regularly optimized. These ‘orientors’ can be used to characterize the state
of open systems. H. Bossel has introduced a set of ‘basic orientors’, which can be applied as indicators and
target functions of any self-organized system. In this paper we combine the gradient approach with the basic ori-
entor concept to test if the principles of self-organization can also be used to describe human entities. The case
studies utilized are representing several concentration profiles between urban and rural landscapes in Europe.
These spatial gradients, which have been arising from long-term development of cities and their hinterlands, are
assigned to the basic orientors’ existence, effectiveness, freedom of action, security, adaptability, and coexis-
tence. The results show that in all cases the demanded patterns can be found, thus there are functional parallels
between self-organizing processes in ecological and human systems. The basic orientor approach can be used to
explain these patterns, i.e. to clarify the utility of the outcome of self-organized processes in nature and society.
Keywords: self-organizing systems, basic orientors, ecological gradients, rural-urban gradient, urbanization.

1 INTRODUCTION
Whenever spatial differences in the concentrations of functional and structural variables appear, the
resulting patterns can be aggregated to gradients. As Miller and Kroll [1] have discussed in this
issue, such gradients are typical outcomes of self-organized processes. Therefore, gradients are suit-
able instruments to describe ecological structures, to understand ecological functions, and to analyze
environmental patterns. With this paper we want to test if such self-organized features and patterns
can also be found in human-environmental or social systems.

1.1 Self-organization in ecological and human-environmental systems

Ecosystems are open and complex systems that are driven by inputs of exergy, matter, and informa-
tion and outputs of degraded forms of energy [2]. Under this precondition of continuous exchange
with the environment, ecosystems are self-organizing systems that form ordered, dissipative struc-
tures [3-8]. Thereby, they move away from thermodynamic equilibrium, but increase the entropy
outside the system, following the second law of thermodynamics. According to orientor theory
[9, 10], the formation of ordered structures in line with the undisturbed self-organization process of
ecosystems follows the dynamics of so-called orientors, which describe the resulting direction of
ecosystem development [2]. They can be distinguished into thermodynamic orientors, information
theoretical orientors, structural and community orientors, and network theoretical orientors [1]. All
have in common the fact that the complexity and connectivity of ecosystems and their elements is
maximized along the pathway of orientor development. Although the mature ecosystems with
increased complexity and connectivity show many aspired characteristics such as high energetic
efficiency and structural heterogeneity, they exhibit a low adaptability and therefore have a high risk
to fail recovery after an external disturbance [11].
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Another consequence of dissipative self-organization is the formation of internal structural, func-
tional, and temporal gradients that indicate the system’s distance from thermodynamic equilibrium
[1, 2, 12]. These gradients build up potentials and evoke flows of energy, matter, and information
within the ecosystem; thus they are the driving forces of all ecological processes and can be used to
indicate a system’s self-organising capacity [12].

The concepts of self-organization and dissipative structures have not only been applied in eco-
logical research, but are also widely discussed in geography and social science, especially in relation
with cities and urbanization [8, 9, 13-17]. Also urban systems are complex, open systems that import
energy, matter, and information from their regional and global hinterlands and export degraded
energy in form of gaseous, liquid, and solid wastes. This exchange enables the urban system to
create complex, ordered structures and minimize the entropy level within the system [8, 18]. Conse-
quently, while the urban system itself is getting more and more complex, the hinterland has to cope
with increasing entropy levels.

As an emergent property of self-organizing systems, human systems are also assumed to follow
orientor dynamics [19, 20]. According to Bossel [9], basic orientors in social systems are values
and norms, objectives and goals that direct the behavior and the development of the system and
have emerged in response to general environmental properties and challenges. Bossel [9] lists six
basic orientors that, as he states, are common to all agents in self-organizing systems and repre-
sent the system agents’ fundamental interests, namely the orientors existence, effectiveness,
freedom of action, security, adaptability, and coexistence (see Table 1 for definitions). While these
system features must be seen as resulting properties of ecosystem evolution and self-organization
in the environmental cases (which do not follow any target), in human system teleological argu-
ments must not be avoided: humans define objectives and therefore they can consciously manage
their environment looking for optimized steady states, e.g. by fulfilling the demands of the basic
orientors.

1.2 Urbanization and self-organization

Cities differ from rural areas in terms of population density, involvement in agriculture, labor divi-
sion, and concentration of political power and administration, to name a few. However, there is no
universally valid definition of the distinction between rural and urban areas due to different classifi-
cations of both area types from one country to the other [21]. An analysis of long-term
developmental trends might therefore be helpful.

The history of urbanization is closely linked to the Neolithic revolution and begins in 4" mil-
lennium B.C. in Mesopotamia, representing an essential landmark in human evolution [22].
Mumford [23] names the improvement in food production that made it possible to support a bigger
population not involved in agriculture and the consequential surplus of manpower that could be
used for other forms of work and services as main preconditions for the emergence of cities. As
the earliest cities depended on the resource supply of their rural hinterlands, they evolved near to
fertile agricultural land and water sources and their growth was limited by the carrying capacity of
their direct hinterlands. Progress in transport that allowed for imports and exports over large dis-
tances is seen as one main driving factor of the second stage of accelerating urbanization that took
place in parallel to the industrial revolution in developed countries [21]. Food, water, and energy
supply, transportation and fortification were no limits for the growth of cities any longer [23].
Marti-Henneberg [24] presents empirical evidence that Europe’s population has undergone pro-
gressive concentration and has clumped more and more in densely populated areas from the end
of the 19™ century until today. Today, more than half of the global population is living in cities
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Table 1: Definitions of six basic orientors after Bossel [9].

Basic Definitions Exemplary respective ecosystem

orientors ([9], pp. 341-342) features

Existence “The system must be compatible with, Maintaining steady state dynamics
and able to exist in the normal and self-regulation via resilience
environmental state. The information, and adaptability; enhancing
energy, and material inputs necessary to resource availability.
sustain the system must be available.” (e.g. radiation, water, nutrients)

Effectiveness  “The system should on balance be Cycling processes, stepwise gradient
effective in its efforts to secure scarce degradation, storage processes, and
resources from, and to exert influence mutual adaptation.
on its environment.”

Freedom of “The system must have the ability to Functional redundancies and ontic

action cope in various ways with the challenges  openness (see [7]).
posed by environmental variety.”

Security “The system must be able to protect it- Ecosystem properties that allow in-
self from the detrimental effects of creasing resilience, buffer capacity,
environmental variability, i.e. variable, or adaptability
fluctuating, and unpredictable (storage compartments, tolerances
conditions outside of the normal of species).
environmental state.”

Adaptability ~ “The system should be able to learn, Following the orientor pathways in

Coexistence

adapt, and self-organize in order to
generate more appropriate responses to
challenges posed by environmental
change.”

“The system must be able to modify its
behaviour to account for behaviour
and interests of other systems in its
environment.”

spite of disturbances and being able
to optimize functional orientors at
the long-term.

Openness for change and reactions
resulting from high-scale processes
and structures (e.g. transfer
processes at the landscape scale).

[25], whereas the fastest population growth is observable in the megacities of developing countries
whose speed of population increase dwarfs the one that happened in European cities during the
industrial revolution [26, 27].

However, the fulfilment of the necessary preconditions for the formation of cities alone does not
explain their existence. Although the hypothesis exists that first cities “did not simply happen” but
were intentionally created by a powerful elite ([28], p. 528), the more prevalent thesis is the interpre-
tation of urbanization by using the theory of self-organization. Thereby, the self-organization of
cities is seen as being triggered by population pressure [14]. It contrasts the static theories of central
places being in an equilibrium state that were introduced by Lésch [29] and Christaller [30] by inter-
preting the landscape as a far-from equilibrium situation “in which the spatial hierarchical order
among the central places is obtained, maintained and then transformed, by means of an interplay
between interaction and fluctuations, on the one hand, and dissipation on the other” ([14], p. 360).
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In this paper, we aim at exploring if orientor theory can help explain the process of self-organizing
urbanization. If urban systems develop in a self-organized manner along the pathway of orientor
dynamics, this process should also evoke the formation of internal gradients that allow for a sponta-
neous flow of energy, matter, and information. The study of these gradients could help analyzing the
state of the system, which is in this case the rural-urban region. Thus, in this paper, we aim at
answering the following questions:

e Can basic orientors explain the existence of cities and the ongoing urbanization? Are orien-
tor interests better met in cities? If so, is the human system heading to a state of maximum
urbanization?

e According to the theory, human systems should build gradients as a consequence of
self-organization. Is it thus possible to transfer the gradient concept to human systems?

The paper is organized as follows: in the first part, a short description of data acquisition and gradi-
ent calculations is given. Subsequently, the results of the calculations and their relations to the orientor
theory are presented. In the last part, the results are discussed and some final conclusions are drawn.

2 MATERIAL AND METHODS

The first step of our analysis was the selection of suitable indicators for the representation of basic
orientors in relation to urbanization. The chosen variables represent major indicators of sociodemo-
graphic (population density, medium age, hospital beds, foreign persons, personal computer users,
internet users, literacy rate, life expectancy, human development index), economic (dwelling area,
unemployment rate, employees, GDP per person, income per person), and environmental (sealed
surface, urban fabric, food supply and demand) sustainability indicators that can also be linked to
orientor theory. To put them into relation with urbanization, we also chose the urbanization rate as
variable for analysis. The second step was the data collection for these indicators, which we conducted
at two spatial scales to provide a sufficient breadth of analysis. On the one hand, we collected data at
the local level of city districts and municipalities that served as the basis for the calculation of rural-
urban gradients. Rural-urban gradients were calculated by linking the statistical and spatial data to
shape files of the administrative units of the city regions in GIS ArcView 3.2 by ESRI. Subsequently,
a series of concentric rings with a diameter of 1 km each was created around the city centers and
medium indicator values for each ring distance were calculated. For a detailed description of gradient
calculations, see Kroll and Kabisch [31] and Kroll et al. [32]. As case study regions, six major Euro-
pean cities being situated in three different countries were chosen: Berlin, Munich, Leipzig, Hamburg,
Manchester, and Warsaw. These cities represent important European urban agglomerations, however
with different locations, different historical backgrounds, and different urban forms.

On the other hand, data on the national level were used for the analysis of the general relationship
between the urbanization rate and several social and economic indicators that represent the state of
the nation according to orientor development. A correlation analysis with data of approximately 200
nations was conducted to calculate Pearson’s correlation coefficients between the urbanization rate
and the chosen social and economic indicators. Table 2 summarizes all indicators, scales, and data
sources used for the analysis.

3 RESULTS
As mentioned above, basic orientors are seen as emergent properties of self-organizing systems.
Expressed in form of rural-urban gradients, they are expected to help explaining the existence of
cities. To test this hypothesis, we analyze the basic orientors introduced by Bossel [9] in relation to
urbanization one by one.
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The first is the existence orientor. It describes the fundamental system interest to sustain and
exist in compatibility with its environment [9]. In the case of urbanization, the existence orientor
helps explaining why first cities were built near fertile soils, adequate water sources, and transport
facilities and in favorable climatic conditions. These conditions guarantee the necessary inputs of
energy, matter, and information to the urban system and thereby enhance the system’s resilience as
well as the one of the system agents, namely the people living in the city. They are also necessary
to ensure the people’s ‘basic functions of existence’ that have been introduced as a concept of
social geography by Partzsch [38] and include the functions reproduction, habitation, working,
feeding and consuming, education, recreation, and transport. The existence of cities can be illus-
trated in the form of rural-urban gradients, as cities differ in two fundamental spatial characteristics
from their rural surroundings: population density and land use. An example of rural-urban gradi-
ents for both of these characteristics is given for the cities of Berlin, Leipzig, Warsaw, and
Manchester (Figs. 1 and 2).

Not surprisingly, both variables decrease with the distance from the city center. The population
density gradients (Fig. 1) have their maxima values at a small distance from the center in the case of
Berlin and Leipzig. This phenomenon can be observed in many monocentric cities due to the ‘com-
petition’ of residential areas with central business districts in inner city centers [31].

Bossel’s effectiveness orientor describes the necessity for the system to be effective, meaning to
minimize the use of scarce resources. Cities fulfil this requirement better than their rural counter-
parts due to concentrated flows of matter, energy, and information. Weisz and Steinberger [39]
argue that an efficient urban form can significantly lower material and energy consumption. They
found that urban areas are less resource intensive in terms of direct household energy consumption
compared to rural settlements. Also the energy consumption for traffic decreases with increasing
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Figure 1: Rural-urban gradients of population density for the cities of Berlin, Warsaw and Leipzig in
2005. Each gradient curve point represents the average value of population density in a
concentric ring with a 1 km diameter at the respective distance from the city centers. The
lower population densities in the city centers of Leipzig and Berlin can be explained with
the ‘competition” with other land use types, e.g. central business districts. See Table 2 for
data sources.
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Figure 2: Rural-urban gradients of the land cover class ‘urban fabric’ for the cities of Berlin, Leipzig
and Manchester in year 2000. See Table 2 for data sources.

population density [40] and the greenhouse gas emissions are lower in higher-density develop-
ment [18]. Energy consumption for the heating and cooling of buildings, which has a share of 48%
of the total global energy consumption [18], is directly correlated to the dwelling area per person
[41]. Thus, a lower dwelling area per person in urban centers compared to suburban and rural
hinterlands constitutes an important argument for urban resource efficiency. Figure 3 shows an
example of rural-urban gradients of dwelling area per person for the cities of Manchester and
Hamburg. It can be seen that the dwelling area increases with the distance from the city center.
Only the inner city center constitutes an exception to this general trend. A reason for that might be
small household sizes and the concentration of rather high-income households in the inner city
centers of both cities.

Also the land consumption per person increases with distance from the city center, which is illus-
trated in form of a rural-urban gradient of sealed surface per person for the city of Munich in Fig. 4.

Not only can the resource consumption as an indicator for the environmental effectiveness be
linked to urbanization, but also the economic effectiveness can be related to urbanization. We do this
at the national spatial scale by conducting a correlation analysis with data from 182 nations. As an
indicator for the economic effectiveness, we use the GDP per person. Obviously, the economic
effectiveness seems to rise with increasing urbanization, which can be seen from the result of the
correlation between the two variables urbanization rate in % and GDP per person in US$, which is
shown in Fig. 5. It reveals a logarithmic relationship between both variables with a Pearson’s cor-
relation coefficient r = 0.67 (p < 0.01) and r2 = 0.51. Although the variation of the urbanization rate
in nations with a low GDP is rather high, all nations with a high GDP per person also show an above-
average urbanization rate.

The third basic orientor is called freedom of action. It claims that the system “must have the abil-
ity to cope in various ways with the challenges posed by environmental variety” ([9], p. 341).
Therefore, the system’s agents strive for the maximization of their freedom of choice which is, obvi-
ously, higher in urban regions. Here, the diversity and variety of schools, doctors, hospitals, shops,
jobs, cultural events, and social contacts etc. is increased due to the higher demand and accessibility
compared to rural areas. That facilitates the adaption to different life stages and demands for the
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Figure 3: Rural-urban gradient of dwelling area per person for the cities of Manchester (2001) and
Hamburg (2005). See Table 2 for data sources.
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Figure 4: Rural-urban gradient of sealed surface per person for the city of Munich, year 2008. See
Table 2 for data sources.

urban population. Figures 6 and 7 show examples of hospital beds per person and foreigners in per-
centage of the total population in form of rural-urban gradients. Although both gradients show a
general decreasing trend from the center to the rural outskirts, the inner city center depicts an excep-
tion regarding the density of hospital beds per person. Again, we assume that the high competition
with other land uses in the inner city center hinders the construction of hospitals in there.

The freedom of action can also be represented by the availability of internet access, as the internet
offers a multitude of possibilities to communicate, consume, work, study, etc. Figure 8 shows a
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Figure 5: Scatter plot of urbanization rate and GDP per person for n = 182 nations. GDP per person
shows a high correlation with the urbanization rate (r = 0.67, p < 0.01) and a logarithmic
relationship between both with r2 = 0.51. See Table 2 for data sources.
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Figure 6: Rural-urban gradient of hospital beds per 1000 persons for the city of Munich, year 2008.
See Table 2 for data sources.

scatter plot that demonstrates the relation between urbanization rate and internet users in percentage
of the population. The relation can be described with a logarithmic regression curve with r2 = 0.44,
the Pearson’s correlation coefficient is r = 0.62 (p < 0.01). Obviously, it is much easier for the urban
population to get access to the internet than it is for the rural population.

The security orientor describes the necessity for the system “to be able to protect itself from the
detrimental effect of environmental variability” ([9], p. 341). For the human agents of the system,
this can mean security from enemies, illness, natural disasters, resource scarcity, economic impov-
erishment, or social isolation. In former times, one important argument for living in cities was the
security from enemies that was ensured by massive city walls or hilltop locations. Mumford [23]
states that physical security and social continuity were two big advantages of cities. Portugali [14]
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Figure 7: Rural-urban gradients of foreign persons in % of the total population for the city of Leipzig,
year 2005. See Table 2 for data sources.
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Figure 8: Scatter plot of urbanization rate and internet users in % of the total population for n = 193
nations. The percentage of internet users shows a high correlation with the urbanization
rate (r = 0.62, p < 0.01) and a logarithmic relationship between both with r2 = 0.44. See
Table 2 for data sources.

adds the internal stability of city systems that leads to reductions of socio-spatial environmental
crises. Today, especially the economic security is an important argument for living in cities. The
offer of jobs is usually higher and more diverse which is shown in an example for the city of Leipzig
(Fig. 9). However, the gradient of employees shows a second maximum in the suburban region,
where many new industrial and commercial areas settled recently [32]. This might be an indication
for decentralization tendencies of employment in the city of Leipzig.

The cities of Warsaw and Leipzig are examples for lower unemployment rates in the urban center
compared to rural surroundings (Fig. 10). However, some districts near the center of Leipzig with
mainly large housing estates from the socialist time are structurally rather weak and have high
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Figure 9: Rural-urban gradient of the number of employees for the city of Leipzig, year 2005.
See Table 2 for data sources.
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Figure 10: Rural-urban gradient of the unemployment rate for the cities of Warsaw and Leipzig,
year 2005. See Table 2 for data sources.

unemployment rates which is the reason for the nonlinear unemployment gradient curve shape of
Leipzig. At the scale of nations, the income per person is used here as an indicator for economic secu-
rity. It correlates with the urbanization rate in % with a Pearson’s correlation coefficient of r = 0.64
(p <0.01) and r2=0.49 (logarithmic regression) (Fig. 11). Also the social and health security seems to
be higher with an increasing urbanization rate, which is demonstrated by Fig. 12. The Figure shows the
correlation between urbanization rate, life expectancy, and the human development index, respectively.

The human development index contains three dimensions: health level, educational level, and
living standard.

The adaptability orientor stands for the system’s need to “learn, adapt, and self-organize in order
to generate more appropriate responses to challenges posed by environmental change” ([9], p. 342).
This request is better met in cities, as urban regions offer more possibilities for education, information
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Figure 11: Scatter plot of urbanization rate and income per person for n=202 nations. The income

per person shows a high correlation with the urbanization rate (r = 0.64, p < 0.01) and a
logarithmic relationship between both with r2 = 0.49. See Table 2 for data sources.
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Figure 12: Relationship between urbanization rate and life expectancy at birth (left) with n = 191
nations, r = 0.64 (p < 0.01) and r2 = 0.47 and between urbanization rate and the human
development index (right) with n = 176 nations, r2 = 0.54. See Table 2 for data sources.

gathering, and adapting to different life stages. Also, the urban population in Europe is usually
younger than the rural one, which can be linked to a higher innovation potential. Newman et al. [18]
believe that cities are sources of great leadership and innovation and therefore have more capacities
to start important initiatives when dealing with global change in comparison to whole nations. Our
gradient example for the representation of the adaptability orientor shows the medium age of the city
regions of Manchester and Berlin (Fig. 13). The medium age in both cities is lower than in the rural
surroundings which assumedly can be linked to a higher flexibility and innovation potential there.
Also, at the national level, a high correlation can be found between urbanization rate and the educa-
tional level of the population, which increases the capacity for adaptation after an external disturbance
of the system. We use the indicators, literacy rate and personal computer users, for the representation
of the educational level. Both are highly correlated to the urbanization rate (Fig. 14).
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Figure 13: Rural-urban gradient of medium age for the cities of Manchester (2001) and Berlin (2005).
See Table 2 for data sources.
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Figure 14: Relationship between urbanization rate and personal computer users (left) with n = 170
nations, r = 0.56 and r2 = 0.43 and between urbanization rate and the literacy rate (right)
with n = 106 nations, r = 0.51, r2 = 0.27. See Table 2 for data sources.

The last basic orientor is the coexistence orientor that guarantees the system’s behavior in accord-
ance to the interests of other systems in its environment [9]. If interpreted for an urban system, this
orientor could describe the aspiration of a beneficial and peaceful coexistence and task sharing with
rural regions and other urban regions in the time of globalization. Rural areas have different func-
tions than urban areas and need to offer an adequate supply of resources, food, energy, and water to
satisfy the respective urban demand. Urban regions offer money, services, administration, and gov-
ernance to the rural areas in return. Today, this traditional task sharing often seems to be imbalanced.
Gutman [42] argues that not the migration of people, but the migration of wealth from rural to urban
regions during the last 200 years was the most dramatic rural-to-urban change resulting in a large
gap of rural and urban living standards. Therefore, he asks for a new rural-urban compact that
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involves payment for rural ecosystem services, and not just payment for rural products that are worth
less and less on the global markets.

Our example of a rural-urban gradient for the coexistence orientor shows the supply and demand
of food in the urban region of Leipzig [32]. It demonstrates the expected fact that the food demand
is highest in the urban center, whereas the food supply increases with distance from the center.
Although it is clear that food trading plays an important role in the region, the rural hinterland of
Leipzig could easily supply enough food to satisfy the demand of the urban population in terms of
the food’s caloric value (Fig. 15).

4 DISCUSSION

Our findings demonstrate that various gradients exist within the rural-urban system. Due to exergy
inputs, structural, temporal, and functional rural-urban gradients are built. These gradients pro-
voke disequilibria and potentials for flows, such as commuters, imports, exports, or tourists. The
gradients also reveal that some of the basic orientors that represent the system agents’ fundamen-
tal interests in self-organizing systems [9] are better met in urban regions. Thus, the basic orientors
can help explaining the existence of cities. However, although all basic orientors have to be con-
sidered, the preferences of the system agents change in time and space. In former times, the
security orientor was one of the main arguments to build and live in cities which offered effective
fortification and security against enemies. Today, this purpose of cities has lost its relevance and
the trade-off between freedom and security plays an important role in public discussions. The
shift in the weighting of basic orientors, but also major processes such as the globalization and
digitization has impacts on temporal changes of rural-urban gradients. Against the background of
the rise of new information technologies and a shift of social and economic activities into the
virtual world of the internet, Lapple [43] discusses the decreasing importance of the bodily pres-
ence and an easing of traditional locational ties that until now hold large urban agglomerations
together. In this vein, it is not unlikely that an enhanced use of the internet increases tendencies of
decentralization and thus has the potential to change the appearance of the described rural-urban
gradients.
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Figure 15: Rural-urban gradients of the demand and supply of food in GJ/ha for the city region of
Leipzig, year 2007, after Kroll et al. [32].
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Self-organized system behavior according to basic orientors and the consequential tendency of the
human population to concentrate in urban agglomerations suggest that the final result of this devel-
opment will be a world in which the whole global population is living in urban areas. However,
reality proves that urbanization is not a continuous process but rather develops in a cyclical manner
that includes phases of urbanization, suburbanization, deurbanization, and reurbanization [44]. In
past and present times, there have always been a considerable number of cities that have been shrink-
ing; parallel to others which have been growing. There are many causes of destruction or shrinkage
of cities, as for example wars, natural disasters, water scarcity, epidemics, economic transforma-
tions, or political transformations [45]. In all cases, the affected city was not able to cope with or
recover from the external disturbance that impacted on the urban system. Holling [46] described this
breakdown following a major external disturbance, which he called creative destruction, as one
phase of an adaptive cycle of ecosystems. As causes for the reduced adaptability and a consequential
breakdown, he names the high connectivity and mutual dependency of the system. Tainter [47] has
adopted this concept to the evolution of human societies. He explains the increasing complexity of
human societies with the competitive advantage and problem-solving capacity of complexity. How-
ever, the increase of the complexity of a system requires continuous energy input into the system
along a flattening benefit-cost curve. At the point when the return of continued investments in com-
plexity is declining, the society becomes vulnerable to destruction [47].

Although we found a correlation between the urbanization rate and economic and social indica-
tors representing orientor development, this relation might not be true for specific urban regions.
Especially megacities in developing countries are often facing increasing poverty, conflicts, socio-
spatial and political-institutional fragmentation and are more vulnerable to environmental and
anthropogenic disturbances than smaller urban areas [27]. In most cases, the rapid population devel-
opment of such megacities is decoupled from their economic development, happens without a
parallel increase of agricultural production and is not accompanied by adequate investments into
infrastructure, education, and public health care [26]. According to the theories of Holling and
Tainter, the fast increasing complexity of megacities in developing countries that is not accompanied
by an enhanced exergy input will eventually lead to collapse. Also the rural-urban gradients would
look much different for such huge cities in developing countries in comparison to smaller European
cities. This is due to a frequently observable development of polycentric urban conglomerates along
communication axes that blurs the borders between urban and rural areas [26].

Thus, ongoing urbanization is not necessarily a ‘good thing’, especially when it comes along with
uncontrolled urban sprawl and insufficient investments into the maintenance of the urban system.

On the other hand, not only city regions in the developed world, but also megacities in developing
countries are considered as having potential innovative milieux due to the available human resources
and globally linked actors [27]. All cities have the potential to enhance sustainability by efficient
resource use and therefore provide the great opportunity to reduce carbon dioxide emissions due to
their high-density development and potential for public transport [18]. Thus, it can be said that cities
“present both the problems and solutions to sustainability challenges of an increasingly urbanised
world” ([48], p. 756).

5 CONCLUSIONS
In this study we have tried to link several theoretical concepts and apply them to the ‘real-world
problem’ of urbanization. The basic orientors are comprehended as emergent properties of open
systems. They are the outcomes of self-organized processes and in the context of ecosystem theories
they can be used to describe the functionality and resilience of environmental systems. In this article
we have applied the orientor approach to socioeconomic systems. It could be found that the approach
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provides a suitable methodology to describe the sustainability of rural-urban systems and to reflect
the utility of emergent properties for the existence of the investigated entities.

Using gradients as indicators for the resulting (self-organized) spatial patterns it could be shown
that long-term development of human landscapes also leads to regular parameter distributions which
can be understood as optimized states of orientor dynamics. As such the gradient patterns contribute
to human well-being in an optimized manner as long as their internal and external connectivity does
not succeed regional threshold values.

From a methodological viewpoint the investigation has furthermore shown that the gradient
approach is a suitable instrument to depict and understand the structural differences between agglom-
erations and their environment. Taking into account thermodynamic arguments, the mapped gradients
also provide enormous potentials for flows: water, energy, materials, food, labour force, and many
other items consequently are transferred into the urban systems, whereas money, information, waste,
and several cultural issues are the main products that are transferred into the hinterland. In parallel
to ecosystems, these flows provide the basic conditions for the existence of the created rural-urban
structures. Consequently, the dynamics of the rural-urban concentration profiles can also be used as
information sources for the sustainability of the overall system: how much exergy is used to keep the
urban agglomeration vital? And how much entropy is produced in the cities to be exported into their
environments? Both variables are related to the complexity, to the related connectivity and to the
linked costs and demands for maintenance of the whole system.

In general, it is possible to show higher performances of variables that represent Bossel’s basic
orientors (e.g. indicators for resource efficiency, economic performance, and social infrastructure) in
European urban regions in comparison to their rural counterparts. Also at the global level, using data
at the national scale, the urbanization rate is positively correlated to many social and economic indi-
cators that can be linked to the basic orientors. But urbanization is not a linear process, as human
systems show a varying adaptability and resilience and have to cope with external disturbances that
can lead to destruction. And if we look at some mega cities, the mentioned optimal complexity may
have passed the threshold values in some cases, thus the whole system becomes inefficient and
brittle. Furthermore, it has to be kept in mind that the gradients which provide the mentioned exer-
getic flows demonstrate extreme dependencies of the cities from the conditions in their hinterlands.

Returning to the initial questions asked in the introduction, the following assumptions can be
stated:

e The basic orientors can be utilized to explain the existence of cities and ongoing urbanization.
Several orientor interests are better met in cities, if the relations with the rural surroundings are
balanced. As long as this balance can be fulfilled, urbanization may keep on increasing, better not
striving for a maximization but an optimization under the prevailing conditions.

e The presented results demonstrate that orientor approaches are not only restricted to ecologi-
cal systems and that self-organization processes can also be found and investigated in human
systems. Therefore, there is still a positive potential of concept application and case comparison,
if respectively aggregated indicator sets are developed which demonstrate the sustainability of
urban or urban-rural systems as a set of basic orientors.

o Also the gradient principle can be applied to human systems without any problems. Any struc-
ture which has been created depicts a structural or functional gradient. Further methodological
development should connect the prevailing gradients with the interrelated flows and resistances.
But concerning this task, several indirect and de-localized effects have to be taken into account,
i.e. because today the flows are extremely influenced by globalized trade relations. Thus, the old
regional interactions have been substituted by relationships on broad spatial scales.
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e Human systems can be investigated and understood as self-organized systems. They fulfil all
criteria and conditions of self-organization (see Table 2 in Muller and Kroll [1]) from a physical
viewpoint. Restrictions concerning the ‘self’ — the concentration on internal regulations as devel-
opmental drivers of human systems — may be discussed on the base of theological attitudes, but
these arguments are not considered here.

Therefore, the combination of gradients and basic orientors can be used to describe the existence
and development of cities. Bossel’s orientors may be even more suitable instruments to support sus-
tainable development in socioeconomic entities than in (non-teleological) ecological systems
because humans should be much better able to adapt to potential deficits and follow orientor optimi-
zations in a conscious, regulated, and target-related, rational manner.
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