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Preface

In recent years it has become increasingly clear that the dynamics of cities can be
best captured by looking at them as complex systems governed by many degrees
of freedom, interacting on different space and time scales in a non-linear fashion.
The evolution of cities is shaped by internal factors, e.g. decisions taken by insti-
tutions and individuals, external causes (international economic context) and by
social development. The underlying processes can be slow or fast, acting locally
or globally. At a different level, both European cities and megacities are magnets
for immigrants (e.g. countries, which have major economical and political prob-
lems), leading often to phenomena like marginalization or even ghettization and
segregation. They are also hotbeds of economic, political and cultural activity,
giving rise, among other things, to relocation and conversion of industries, re-
valuation of land, and development of new services. These phenomena as qualita-
tive changes, are opposed to purely quantitative growth processes. They are far
from being fully understood, nor they are captured in validated and complete ur-
ban models. For most of urban theory hitherto has been based on the assumption
of slowly varying spatial and social structures. Only recently, these assumptions
have been questioned, giving rise to models employing dissipative dynamics, sto-
chastic cellular automata and multi-agent models, fractal geometry, and evolution-
ary change models, and to further mathematically oriented approaches. They are
promising examples as to how the concepts and methods of mathematics, physics
and, more generally natural science can be employed in order to achieve a deeper
insight into some aspects of the complexity of urban processes.

One of the aims of the workshop The Dynamics of Complex Urban Systems: an
interdisciplinary Approach which took place in Ascona (Switzerland), at the
“Centro Monte Verita” from 4" to 6™ November 2004 was to present and discuss
some of these approaches developed by different communities, comparing them
and trying to get as much as possible a synthetic overview.

This developed from the convinction that significant progress in the under-
standing of urban and territorial dynamics can be best achieved through a fruitful
collaboration between natural science (physics, mathematics, computer science,
biology, ...) and regional science (architecture, geography, city plannings, eco-
nomics, sociology, ...) across traditional disciplines. Different models have to be
investigated, which are adapted to various scales and aspects of urban growth.
Theoretical but else experimental components are needed for reconstructing and
forecasting change processes in cities.

The workshop was structured in 6 sessions characterized by the following key
words:

* General dynamical models: urban growth, city evolution, pedestrian dynamics,
self-organization, fractal geometry models, urban cluster dynamics, space syn-
tax, continuum state cellular automata
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* Models from economics and models for megacities: sustainable urban devel-
opment, large-scale city formation, sociodynamics, econophysics, synergetics,
applied geography

* Models from information science and data management: data mining, soft-
computing methods, geo-referenced data, GIS, multi-agents models, artificial
worlds, classical cellular automata, data availability

» Related mathematical and physical theories and models: stochastic processes,
statistical mechanics, dynamical systems, diffusion, neural networks, power
laws, phase transitions

* Models calibration/validation and forecasts: calibration of models’ parameters,
comparison between empirical data and simulations, optimization, forecasts of
stochastic models for complex systems

» Dynamical models and case studies

The interconnections between the sessions turned out in the end to be very
strong, which is of course good. This is the reason why for the proceedings we de-
cided to present all contributions in alphabetic order, giving up in particular the
division in sections. The contribution by Michael Batty was chosen however to
open the book since it presents an extensive and deep chronological and concep-
tual overview of the developments of the urban land use-transportation models
which occurred in the last 50 years in the context of current development. The
contribution by Allen, Strathern and Baldwin presents new models of adaptative
organization, which allow a better understanding for integrated views linking
land-use changes to environmental and socio-economic and cultural factor. In
particular these models stress the importance of adaptable emergent networks. The
ontogeny of complex systems models is analyzed in the contribution by Claes
Andersson, which also discuss the role and applicability of such models. The
contribution by Bazzani, Capriati et al. investigates the citizen mobility in urban
space, presenting an agent-based model for asystemic mobility determined by the
“chronotopic areas”. The model is also illustrated by a discussion of simulations
on the campus of Milano Bicocca University. Ulrike Beuck, Kai Nagel et al. pre-
sent the computational techniques needed for a multi-agent traffic simulation of a
metropolitan region as Berlin. Simple behavioural mechanisms in spatial mi-
crosimulation models and their dynamic properties are explored by Mark Birkin,
establishing links between microsimulations (in the contest of a British city),
agent-based approaches and spatial interaction models. The difficult of the urban
system complexity and the related analysis and forecast discussed by Ivan Blecic,
Armando Cecchini et al., who in particular try to cope also with the free behav-
iour of actors. A view of cities as evolutionary systems in random media with
spatial emphasis on the intermittency phenomenon is presented in the contribution
by Leonid Bogachev. The configurational approach to urban phenomena and its
further developments are discussed by Valerio Cutini, whereas philosophical and
methodological issues involved in validation and calibration of cellular automata
based models of land use change are discussed in the contribution by Guy Enge-
len and Roger White, with illustrations from environmental studies in the Neth-
erlands. Fractal geometry (context, fractal models, morphology and an overview
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of results) for modeling of urban patterns is discussed by Pierre Frankhauser,
with a special attention towards problems of urban sprawl. Giinther Haag and
Jan Binder discuss problems of modelling of patterns of a system of different
sub-models (e.g. population, transport, production). The theory of the dynamical
STASA-model and its application with the SCATTER project for the region of
Stuttgart are particularly illustrated. Erez Hatna and Ithzak Benenson discuss the
problem of the appropriatness of modelling urban processes by Markov processes.
On the basis of laboratory experiments they argue for shared Markov processes for
representing human urban development behaviour and for a basis for decision-
making strategies. Three important aspects of self-organization in pedestrian and
vehicle traffic are discussed by Helbing, Johansson and Limmer. Jeffrey John-
son presents a general approach to multidimensional networks as models for com-
plex (urban) systems. The problem of investigating land use transformations, in
particular analysing the connections between political and socio-economical
changes are discussed by Silvana Lombardo and Massimiliano Petri on the ba-
sis of fields investigations in a territorial area of Albania. Juval Portugali pre-
sents a new structural-cognitive approach to urban simulation models, whereas
Denise Pumain presents a multi-level model for socio-spatial dynamics of Sys-
tems of cities and innovation processes. Large scale urban models and their possi-
ble renaissance are revisited by Giovanni Rabino, who stresses the necessity of
Joining the scientific and classical cultures in these studies. CityDev a multi-agent
simulation of economic spatial dynamics in a poli-nucleated area is discussed by
Ferdinando Semboloni, and illustrated by a case study in Firenze. The construc-
tion and application of continuum-valued cellular automata model for urban Sys-
tems joined with a fuzzy decision process is presented by Vancheri, Giordano et
al. In the contribution of Damian Zanette, Zipf’s law relating cities sizes distri-
bution is connected with the theory of multiplicative stochastic processes.

The volume ends with two poster session contributions by Tang Hui Yi and Lu
Ming discussing the problems of modelling urban precesses in China, in particular
in view of their spatial features.

At this point we would like to thank all the speakers for their willingness to
contribute to the great success of this conference by their lectures, the interesting
discussion during the whole week of the workshop, as well as for delivering the
promised manuscripts of their presentations.

We hope that by these proceedings the essential part of the contributions and a
little of the stimulating atmosphere of the workshop can be made available for a
wide audience.

The editors would like to express their gratitude to the organizers of the work-
shop professors Michael Batty, Volker Jentsch, Frank Schweitzer and Ferdinando
Semboloni for the very stimulating discussions and their help in various stages of
the preparation of the workshop and these Proceedings.

In particular the inspiring influence of the International Center of Complex
systems (IZKS), University of Bonn, is gratefully acknowledged.

Finally, we would like to thank the Swiss National Foundation, the Complex
Systems Network of Excellence (Exystence), the Universita della Svizzera Italiana
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(USI) and the Dipartimento dell’educazione, della cultura e dello sport (DECS)
and its Ufficio degli studi universitari for having supported financially the confer-
ence. Many thanks goes also to the staff of the Monte Verita Foundation in As-
cona, which with their competence and their kindness have rendered our stay in
this marvellous place a real pleasure.

Sergio Albeverio, Denise Andrey, Paolo Giordano and Alberto Vancheri
Spring 2007
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