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DISSIPATIVE STRUCTURES FOR UNDERSTANDING CITIES: 
RESOURCE FLOWS AND MOBILITY PATTERNS 

 

Human life is movement that is not by and for itself, but within a dynamic 
world, within movements of higher order; these higher-order movements 
constitute the life of human systems. Starting from this assertion, cities 
are assumed to be complex systems that behaves like ecosystems with 
self adaptive properties or even, according to the Ilya Prigogine’s theory, 
like dissipative structures. For this reason the base approach to urban and 
regional studies is shifted towards an eco-dynamic viewpoint that seeks to 
handle the increasing complexity of human settlements by investigating 
their dynamics and not merely observing their physical shapes. Its focus 
on both spatial and temporal patterns refers to a new paradigm for urban 
analysis.  An environmental accounting analysis and a new location based 
method for 
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Abstract 
 

 
monitoring urban mobility (processing cell phones location data), named 
Mobile Landscapes, have been applied in order to study locations and 
intensities of urban activities by assessing flows of energy and matter, 
goods and people, through urban regions. These methods, supported by a 
GIS technology, enable to understand the mutating complexity of the 
contemporary city and to reveal its complex dissipative behaviour or even 
its metabolism in the form of computed geographies. 
 
Keywords: ecosystems, dissipative structures, urban systems, 
environmental accounting, mobile landscapes 

 

 
 
THE ECOSYSTEM THEORY 
 
In this paper we assert that a city can be conceived as an ecosystem in which there 
is a continuous exchange between living organisms and the physical man-made 
environment. In cities, many interacting agents coexist and generate an apparent 
herd of disconnected signals, textures and settings. These engaging landscapes 
have changed the perception of cities. The stationary structure of buildings, streets, 
infrastructures and other settings is therefore just a stage for a multiplicity of 
activities, dynamic phenomena and coevolutionary processes. The city is no longer 
conceived as the lifeless inert structure that supports life as does the sum of 
buildings, technologies and distinct isolated elements; on the contrary, it is an 
evolutionary organism that constantly interacts with people, an organised system 
open to flows of energy and matter and even a dissipative structure.  An ecosystem 
as object or entity is commonly conceived as a community of organisms interacting 
with the physical environment; “[an ecosystem] is a unit of biological organization 
made up of all of the organisms in a given area interacting with the physical 
environment so that a flow of energy leads to characteristic trophic structure and 
material cycles within the system” (Odum E 1969).  Cities therefore belong to the 
category of ecosystems even with special features: 1) they are heterotrophic and 
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extremely energy intensive; 2) they require large inputs of energy and materials 
with a relative importance of external inputs to internal production; 3) they produce 
copious amounts of waste compared to most ecosystems and often lack effective 
assimilation mechanisms to handle these wastes; 4) urban ecosystem function is 
controlled not just by biophysical factors but also by social and political forces 
(although this type of control now affects most ecosystems to some extent, it 
affects cities in a profound manner); and 5) one keystone species – humans - 
exerts overwhelming control on ecosystem processes. (Grimm, Baker and Hope 
2002) 
 

In the field of systems ecology, organizational and developmental properties of 
ecosystems are taken as wholes and these structural and dynamical properties are 
studied in order to describe and explain the formation of macro-level patterns in 
systems composed of many interacting micro-level constituents or components 

 

An ecosystem approach is therefore required assuming that some of the properties 
and behaviours of a certain urban system will depend on interactions between its 
parts and between the system and its surrounding environment. A proper 
understanding of these properties and behaviours will require bringing these 
system environment relations explicitly within the field of investigation (De Laplante 
and Odenbaugh 2005). 
 

(Ulanowicz 1986; Jørgensen 2001; Jørgensen 2002; Jørgensen and Muller 2000; 
Jørgensen and Svirezhev 2004, Reynolds 2002). In application to urban 
environments, one might distinguish between ecology IN and ecology OF cities in 
the same vein (Grimm, Baker and Hope 2002). Ecology OF cities focuses on the 
aggregated parts sum and the processes of energy or matter relative to their 
surroundings; ecology IN cities focuses on ecological patterns and processes that 
take place in cities relating the micro to the macro dimension.  Whether we agree 
with this classification or not, these two braches of ecosystems science are useful to 
present our theoretical approach to urban studies. Here we adopt both the 
proposed conceptual frameworks using the ecology OF and IN cities approach. 
Specifically, first, exchanges of energy and matter of a city or urban region are 
studied in terms of resource flows and consumptions and, second, complex 
behaviours of urban macro systems are studied in terms of patterns of urban 
mobility. 
 

THE ECODYNAMIC VIEWPOINT 
 
A few concepts from evolutionary physics and chaos theory promote understanding 
of urban systems. The pattern generation of urban activities can be explained in 
terms of organization processes in complex self-adaptive systems and non-
equilibrium thermodynamics. Ilya Prigogine, awarded Nobel Prize in Chemistry in 
1977, says: “obviously in a town, in a living system, we have a different type of 
functional order.  To obtain a thermodynamic theory for this type of structure we 
have to show that non equilibrium may be a source of order. Irreversible processes 
may lead to a new type of dynamic states of matter which I have called dissipative 
structures. […] These structures manifest a coherent supermolecular character 
which leads to new quite spectacular manifestations” (Prigogine 1977). 
 
The observation of evolutionary and narrative elements is a starting point, as 
Prigogine underlines: “at all levels of nature we see the emergence of narrative 
elements. [...] At all levels we observe events associated with emergence of 
novelties, which we may associate with the creative power of nature. These 
narrative historical aspects are part of complexity” (Prigogine 1996). Reality is 
immersed in the flow of time. The existence of the arrow of time is demonstrated 
by the irreversibility of processes in nature. Time is of scientific importance; it 
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“appears with its full meaning associated with irreversibility, or even with history, 
and not merely as a geometrical parameter associated with motion” (Prigogine 
1977)  Time plays its unconditioned role, especially in determining the configuration 
of a system as the expression of its own organization, achieved by a sequence of 
irreversible processes of adaptation and selection. “Organization emerges on a 
macroscopic space-time scale that is many times bigger than microscopic 
interactions between the elements” (Nicolis 1989). The organization of a system 
emerges spontaneously as additional information that is not available by observing 
single parts. It is obvious that “the whole is greater than the sum of its parts” (Von 
Bertalanffy 1972). 
 
Conditions of non linearity may create order, bringing it out of the chaos of 
elementary processes and allowing new coherence to emerge beyond 
anotherbifurcation. An organization or system functioning is based on natural 
macroscopic under certain conditions, depend on fluctuations. If the evolutionary 
trend of a system is described by a diagram of bifurcations with many branches, 
the choice of a branch at a bifurcation point depends on small local fluctuations that 
constantly occur.  Amplification of fluctuations is therefore caused by non linearity 
and allows macroscopic and ordered structures to emerge and grow. Fluctuations 
with an external origin or internal origin, can generate new structures. The activity 
of the system is adaptive.  These processes of adaptation and selection belong to 
non equilibrium systems, the dissipative dynamics of which feed on information 
exchanges and energy flows. According to Prigogine, living dissipative structures 
actually behave like open systems in a steady state (dynamicity, diversity, life) that 
maintain themselves in life (at high levels of order and complexity) by self-
organizing due to material and energy fluxes received from outside and from 
systems with different conditions of temperature and energy. The arising of space 
configurations and time rhythms in dissipative structures is a phenomenon known 
as “order by fluctuations” (Prigogine and Stengers 1979).  “We can imagine 
dissipative structures as giant fluctuations maintained by flows of energy and 
matter” (Prigogine and Stengers 1979). These structures are the result of 
fluctuations maintained in a steady state; once established steady states can be 
maintained with respect to a huge class of perturbations.  In line with this analysis 
of the general behaviour of complex systems, we turn to human systems, the 
dynamics of which reveal self-adaptive properties. Induced perturbations, order by 
fluctuations and pattern formation can be observed at different levels in urban and 
social systems. “In a town, the natural cycles are almost completely replaced by 
artificial cycles. The results let us consider the concept of ecosystem in more 
abstract terms. The ecosystem may be a set of interactive conditions rather than a 
physical system” (Rossi 1991). People moving through buildings and 
infrastructures, flows of energy and matter and exchanges of information through 
communication technologies are the practical aspects of urban systems. A 
scientifically rigorous approach is required to handle these multiple factors of 
complexity in order to understand the behaviour of cities and their evolutionary 
trends with respect to their environmental context. “Knowledge of nature must 
come from a global, systemic view of events and from study of the network of 
information joining the various forms of matter, energy and life in time and space” 
(Tiezzi 2004). 
 
 
 
DISSIPATIVE STRUCTURES AND RESOURCE FLOWS 
 
Francis Evans (1956) gives this description of ecosystem: "In its fundamental 
aspects, an ecosystem involves the circulation, transformation, and accumulation  
of energy and matter through the medium of living things and their activities". 
Eugene Odum has further argued that an integral part of the ecosystem concept is 
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a model of an open, thermodynamic non equilibrium system, with the emphasis on 
the external environment (Odum E 1989, Odum H 2002). This assertion enhances 
the hypothesis that a city can be studied as an open system that exchanges energy 
and matter with the outside. Cities behave like dissipative structures with an 
evolutionary nature; this means that structures are sustained by fluxes of energy 
and matter that are constantly flowing to and from the outside; cities feed on 
different kinds of resources in the form of inputs that let them maintain a steady 
state. Essentially, the organization of a territorial system – an organism – strikingly 
depends on its power sources or, at least, its food costumes. 
 
Dynamics exist that allow a territorial system to survive just as an organism or 
other living system. Indeed, there exists a spontaneous tendency of living systems 
to selforganise due to multiple constant exchanges of energy and matter with the 
outside (Tiezzi 2003). According to Harold Morowitz, living systems are open 
systems and an energy flow keeps them in a steady state that is as far as possible 
from equilibrium state. The difference between an equilibrium state system and a 
steady state system is that the latter exchanges energy and matter with an 
external sink (Morowitz 1968; Morowitz 1993). 
 
The evolutionary physics by Ilya Prigogine, deals with living systems as well; in 
particular, the concept of dissipative structure is stated by Prigogine in order to 
describe their general behaviour. According to Prigogine, dissipative structures are 
thermodynamic systems open to both energy and matter; they self-organise 
towards high levels of complexity and organization (Prigogine and Stengers 1979). 
Therefore, dissipative structures contain the following features: 
 

• they are open living systems; 
• they try to avoid the condition of thermodynamic equilibrium, keeping 
themselves as far as possible from that state; 
• they self-organise due to material and energetic fluxes received from outside 
and from systems with different conditions of temperature and energy; 
• they maintain themselves in a steady state (dynamicity, diversity, life) at 
high levels of order and complexity; 
• they tend towards a state of minimum entropy; 
• they absorb negentropy from the external environment, structuring 
themselves and evolving on the basis of these interactions. 

 
In conclusion, the dissipative structure – a city – absorbs high quality fluxes of 
energy and matter from the outside; in terms of entropy, this means that it tends 
towards a negative variation of entropy (it absorbs negentropy). Different kinds of 
inputs have been stored by a city in order to become part of its structure; they 
have been metabolized. Resource flows generate order in the dissipative structure – 
a city – and sustain its ordered structure over time. An environmental accounting 
method based on the emergy analysis is here presented in order to study how flows 
of energy and matter supply urban systems. Emergy flows assessment 
The emergy methodology is an environmental accounting method that was 
developed by H. Odum of the University of Florida in the 1980’s (Odum H and 
Odum E 1981; Odum H 1996, Ulgiati, Odum H and Bastianoni 1994). When applied 
to a region, it quantifies all the natural resources that have been used to supply a 
certain territorial system, with its population, settings and processes 
(production/transformation). 
 
The final result of the emergy analysis is an assessment of all the natural resources 
that have been involved in any process with a territorial value; a comprehensive 
balance is then expected. This method compares different types of resources, either 
energy or matter, through a common unit, the solar emergy joule (sej). Emergy is 
conceived as the quantity of solar energy that has been used, whether directly or 
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indirectly, in order to obtain a final product or service (Odum H 1988). 
This methodology provides a comprehensive vision on urban and regional 
dynamics; it assesses different fluxes of both matter and energy in terms of sej and 
allows them to be compared to each other and aggregated into classes. The high 
value of this analysis is due to its ability to group different aspects of a territory and 
different sectors into a unique vision. 
 

 

The presented case study is an application of the emergy analysis to an appraisal of 
resource consumptions on the territory of the Province of Cagliari and its districts. 
Specifically, this work aims to quantify and find the location of the main fluxes, 
exchanges of energy and matter, that flow through and within the boundaries of 
the Province. 
 
The emergy accounting therefore provides information about the organization of 
the Province and its metabolism: some areas function as nodes, with the highest 
intensities of resource fluxes; other areas with low levels of resource consumptions 
function as reservoirs of natural resources, and supply the existence of highly 
structured nodes. Areas with high levels of complexity and organization, such as 
cities and industrial districts, which have a high population density and many 
transformation processes, are those where high values of emergy fluxes are 
located. 
 
The maps below (figure 1) show, at a glance, three distinct areas with different 
behaviour in terms of emergy fluxes intensities, from the lowest level (to the left), 
to the medium level (in the centre), to the highest level (to the right). 

 
 

 
 
 

Figure 1: The emergy geography in the Province of Cagliari: 
regions with low – medium – high intensity of emergy fluxes. 

 
 

Therefore, the intensities of resource fluxes have been assessed in order to 
generate or decode a proper geography. This information has been calculated and 
made visible. 

 

The highest consumptions are found in two districts: Cagliari, in which the city of 
Cagliari is located, and Alto Sulcis, with intensive industrial activities. Other 
peripheral districts on the contrary, look like reservoirs of natural resources with 
low exploitations: Basso Sulcis, Monte Linas and Sarrabus Gerrei. The whole 
territory is therefore structured on a non homogeneous configuration referring to its 
attitude in exploiting resources; its metabolism has a clear geography. 
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SELF-ORGANISED PATTERNS OF URBAN MOBILITY 
 

A joint research project, named Mobile Landscapes, was recently conducted at the 

 

In this section we report on a GIS-based approach for decoding the geography of 
urban mobility; in particular, a social positioning method is shown as an innovative 
tool for geographical and social sciences. Focusing on urban dynamics, evolutionary 
and stochastic patterns of human life can be decoded and constitute added value in 
research on human settlements. “Instead, the manifestation of the powers that 
configure the city has shifted from the outwardly visible to the invisible – that is, 
the city is not rendered through composition, gravity, form, or material, as much as 
it is through demographics and economic performance. […] no longer is the city 
visualized or composed as much as it is empirically computed” (Koolhaas, Boeri, 
Kwinter, Tazi and Obrist 2000).Recent experiences show that the patterns of urban 
dynamics can be decoded and their geographies revealed; their changeable 
evolutionary nature can be analysed as evidence of the complex dissipative 
behaviour of cities. Mobile geographies of urban activity are therefore useful for 
analysing urban dynamics through visualization in the form of maps and temporal 
sequences of maps. 
 
The Mobile Landscapes project 
 

MIT SENSEable City Laboratory in Cambridge, US, in collaboration with the 
Department of Chemical and Biosystems Sciences of the University of Siena, Italy, 
and in partnership with a European telecommunications company. The Mobile 
Landscapes project uses technology that determines the geographic locations of cell 
phones in order to analyse mobility patterns in towns. Location-based data from 
mobile devices was collected and processed in an anonymous and aggregate form 
and plotted on a sequence of maps. 

Some preliminary results from the case study in Milan are presented. The study 
area was an approximately 20x20 km square, including the city and some inner 
suburbs.  It was large enough to highlight interesting metropolitan dynamics 
without being overwhelmingly difficult to analyse. Traffic values are given for each 
base station and show the relative intensity of cell phone activity at a given position 
in space for one whole day. The results are like thermography maps, highlighting 
the intensity of urban activity and its evolution in space and time. Different time 
bands can be analysed from the 24 hours of the day to long periods like seasons 
and years.  Figure 2 shows a series over the study area between 8 am and 1 pm. It 
highlights commuting patterns: the relative intensity of calls is maximum in the 
suburbs early in the morning and progressively moves towards the city centre 
(mostly offices), peaking in the core central district at lunch time. 
 
This type of analysis could highlight how urban systems react and self-organise in 
response to local perturbations and external effects. Critical points in the use of the 
urban infrastructure can be highlighted as well as flows in and out of the city, 
patterns of daily commuting, weekday trends, weekend activities, holiday 
movements. Disasters, concerts, soccer matches, streets closed for road-work, the 
opening of a new building with a certain urban function, expansion of the wireless 
network, a new public transport line, and many other events, are examples of 
perturbations that make the system react and self-organise in a new pattern. 
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Figure 2: Mobile Landscapes Project: applied to 
Milan metropolitan area from 8am to 1pm 

 

CONCLUSIONS 

nature can be studied to understand how order comes out of chaos. In cities, order 
is achieved by fluctuations, as Prigogine underlines observing the arising of space 

(20x20 km square area). 

 

 
Cities are assumed to be like ecosystems in which there is a continuous exchange 
between living organisms and the physical man-made environment. According to 
the theory by Ilya Prigogine, cities behave like dissipative structures and their 
properties are shown in order to understand the complexity of dynamics OF and IN 
urban systems.  Referring to dynamics OF cities, flows of energy and matter that 
supply an urban system can be assessed and revealed. A city is maintained in a 
steady state, far from the thermodynamic equilibrium, by these flows; it self-
organise towards high levels of order and complexity. 
 
Referring to dynamics IN cities, patterns of urban activity and their evolutionary 

configurations and time rhythms in dissipative structures. 
 
Cities, like dissipative structures, are conceived as giant fluctuations maintained by 
flows of energy and matter. Two methods were therefore applied on urban regions 
in order to reveal urban complex self-adaptive behaviours.  An environmental 
accounting method based on the emergy analysis was applied on the area of the 
Province of Cagliari, Italy; flows of energy and matter were assessed and localised 
in order to reveal local geographies of human consumptions and investigate the 
functioning modes of the whole region or even its food costumes. The results show 
different areas with high, medium and low intensities of resource consumptions. 
The whole system behaves like an ecosystem structured on different functional 
areas with non homogeneous properties. 
 
A social positioning method based on the location of cell phones was then 
presented.  Patterns of urban mobility were revealed in the form of sequences of 
maps in order to finally highlight the intensity of urban activity and its evolution in 
space and time.  The organisation of the whole system is here investigated by 
processing aggregated and anonymous data from cell phone antennas. Once 
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visualised, the changeable configuration of urban mobility appears to be the result 
of fluctuations maintained in a steady state; once established steady states can be 
maintained with respect to a huge class of perturbations.  Both these methods seek 
to reveal computed geographies of urban activities in which invisible phenomenon 
are visualised in time and space. GIS technologies enable to associate quantities 
with locations and reveal complex processes occurring in cities. 
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