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Preamble

Foras longasIcan remember, I have been interested in understanding the nature of urban spaces that
have a convivial ‘alive’ quality to them. Ones that are vibrant, that are diverse, and that embody what
Christopher Alexander calls ‘a Quality Without a Name'. Years ago, while working on my Master's Thesis in
Architecture, I began to try to understand the nature of how such places came to be. Inspired by readings

in Quantum Physics, I began to believe that the nature of reality was based not upon the atomistic
perspective that had fuelled the Newtonian worldview, but instead upon a process-driven ontology where
the fundamental building blocks of reality - and of life - had to do with interactions rather than objects. I
wanted to better understand how this perspective might inform thinking on architecture and urbanism
conceived around process rather than form. That said, it was not until I came upon Complex Adaptive
Systems (CAS) perspectives that I realized CAS could provide the necessary conceptual tools to gain this
understanding: tools framing what a process-driven perspective might entail. CAS research looked at what
appeared to be stable forms, but described these forms as emergent assemblages of disparate, intertwining
processes. If I could understand the fundamental nature of such processes - the kinds of factors enabling or
hindering them, perhaps I could better understand how such processes might steer the built environment.

Shortly after finishing my Master’s degree I came upon Steven Johnson's book, 'Emergence’. In it, he
observes how streets in medieval cities came to be specialized to deliver a particular product: gold or
fabrics, hats or shoes, for example. He argues that this clustering of similar products emerges as a result

of complex interactions on the ground. Over time, these interactions sedimentize, or as John Urry would
describe, become ‘moored’ (2003) such that a particular street, block, or district focuses upon a specific
kind of urban offering, product, or event. Johnson points to how this kind of emergence occurs in many
circumstances, from ant colonies to cities, but until recently we have not known how to unpack the
dynamics whereby such organization occurs. However, in recent years a growing body of research - through
the emerging field of Complex Adaptive Systems theory - has begun to unpack such systems.

My initial enthusiasm for pursuing research in CAS was borne out of the hope that CAS perspectives might
provide an alternative way to envision the creation of functional urban orders that arise through emergent,
evolutionary processes, rather than top-down master plans. Coming from practice, I had seen top-down
planning often fail to adequately navigate uncertainties. All too often, planning schemes either became
out-of-date before the ink upon them had dried or (if executed as conceived), failed to materialize on the
ground the urban qualities depicted on paper. This background in practice made me wish to understand
CAS dynamics as they unfold within the specificity of urban form.

I began this investigation into an alternative means of form-making more than a decade ago, initially
through design competitions that served as early testing grounds for conceptualizing designs that
conceived of form not as a static ‘product’, but instead as a means to enable a process. These explorations
occurred prior to any knowledge of the broader spectrum of research into CAS and urban processes. Since
then, L have gained a deep appreciation of how CAS can be used to understand different forms of complex
unfolding - be they economic, social, communicative, etc. That said, the Ph.D. remains attuned to the
specifics of urban design practice and is therefore premised upon the notion that the specifics of material
urban form can be considered as a necessary component of an urban complex entity: one that provides the
physical scaffold with which to support and balance a broad range of forces - economic, social, and political
- within its midst. So, the question becomes, what kinds of urban morphological conditions can we, as
practitioners, design that would have the capacity to evolve - to ‘discover’ viable configurations to support
CAS processes - but this through emergent rather than command and control mechanisms. The following
manuscript aims to work towards a deeper understanding of how this might occur.
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Summary

This thesis looks at how cities operate as Complex Adaptive Systems (CAS). It focuses on how

certain characteristics of urban form can support an urban environment's capacity to self-organize,
enabling emergent features to appear that, while unplanned, remain highly functional. The research
is predicated on the notion that CAS processes operate across diverse domains: that they are
‘generalized’ or ‘'universal'. The goal of the dissertation is then to determine how such generalized
principles might ‘play out' within the urban fabric. The main thrust of the work is to unpack how
elements of the urban fabric might be considered as elements of a complex system and then identify
how one might design these elements in a more deliberate manner, such that they hold a greater
embedded capacity to respond to changing urban forces. The research is further predicated on the
notion that, while such responses are both imbricated with, and stewarded by human actors, the
specificities of the material characteristics themselves matter. Some forms of material environments
hold greater intrinsic physical capacities (or affordances) to enact the kinds of dynamic processes
observed in complex systems than others (and can, therefore, be designed with these affordances in
mind). The primary research question is thus:

What physical and morphological conditions need to be in place within an urban environment in order
for Complex Adaptive Systems dynamics arise - such that the physical components (or ‘building blocks')
of the urban environment have an enhanced capacity to discover functional configurations in space
and time as a response to unfolding contextual conditions?

To answer this question, the dissertation unfolds in a series of parts. It begins by attempting to distill
the fundamental dynamics of a Complex Adaptive System. It does so by means of an extensive
literature review that examines a variety of highly cited 'defining principles' or 'key attributes'

of CAS. These are cross-referenced so as to extract common features and distilled down into six
major principles that are considered as the generalized features of any complex system, regardless

of domain. In addition, this section considers previous urban research that engages complexity
principles in order to better position the distinctive perspective of this thesis. This rests primarily on
the dissertation's focus on complex urban processes that occur by means of materially enabled in situ
processes. Such processes have, itis argued, remained largely under-theorized. The opening section
presents introductory examples of what might be meant by a ‘'materially enabling' environment.

The core section of the research then undertakes a more detailed unpacking of how complex processes
can be understood as having a morphological dimension. This section begins by discussing, in broad
terms, the potential ‘phase space' of a physical environment and how this can be expanded or limited
according to a variety of factors. Drawing insights from related inquiries in the field of Evolutionary
Economic Geography, the research argues that, while emergent capacity is often explored in social,
economic, or political terms, it is under-theorized in terms of the concrete physical sub-strata that

can alsoact to ‘carry' or ‘'moor' CAS dynamics. This theme is advanced in the next article, where a
general framework for speaking about CAS within urban environments is introduced. This framework
borrows from the terms for ‘imageability’ that were popularized by Kevin Lynch: paths, edges, districts,
landmarks, and nodes. These terms are typically associated with physical or 'object-like features' of
the urban environment - that is to say, theirimage. The terminology is then co-opted such that it
makes reference not simply to physical attributes, but rather to the complex processes these attributes
enable. To advance this argument, the article contrasts the static and ‘imageable’ qualities of New
Urbanism projects with the ‘unfolding' and dynamic qualities of complex systems - critiquing NU
proponents as failing to appreciate the underlying forces that generate the environments they wish to

Summary



18

emulate. Following this, the efficacy of the re-purposed ‘Lynchian' framework is tested using the case

study of Istanbul's Grand Bazaar. Here, specific elements of the Bazaar's urban fabric are positioned as
holding material agency that enables particular emergent spatial phenomena to manifest. In addition,

comparisons are drawn between physical dynamics unfolding within the Bazaar's morphological
setting (leading to emergent merchant districts) and parallel dynamics explored within Evolutionary
Economic Geography).

The last section of the research extends this research to consider digitally augmented urban elements
that hold an enhanced ability to receive and convey information. A series of speculative thought-
experiments highlight how augmented urban entities could employ CAS dynamics to ‘solve for'
different kinds of urban optimization scenarios, leading these material entities to self-organize

(with their users) and discover fit regimes. The final paper flips the perspective, considering how, not
only material agency, but also human agency is being augmented by new information processing
technologies (smartphones), and how this can lead to new dances of agency that in turn generate
novel emergent outcomes.

The dissertation is based on a compilation of articles that have, for the most part, been published in
academicjournals and all the research has been presented at peer-reviewed academic conferences.
Anintroduction, conclusion, and explanatory transitions between sections are provided in order to
clarify the narrative thread between the sections and the articles. Finally, a brief ‘coda’ on the spatial
dynamics afforded by Turkish Tea Gardens is offered.

Complex Adaptive Systems & Urban Morphogenesis
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Samenvatting

In dit proefschrift kijken we hoe steden functioneren als complexe adaptieve systemen (CAS). Het
proefschrift richt zich op de vraag hoe bepaalde stedelijke vormkenmerken het zelforganiserend
vermogen van een stedelijke omgeving kunnen ondersteunen en hoe ze kunnen bijdragen aan het
ontstaan van nieuwe mogelijkheden die weliswaar niet gepland zijn, maar wel zeer functioneel.
Het onderzoek berust op de idee dat CAS-processen in diverse domeinen voorkomen: dat ze
‘gegeneraliseerd’ of ‘universeel’ zijn. Het doel van het proefschrift is om te kijken hoe dergelijke
gegeneraliseerde principes kunnen uitpakken binnen de structuur van de stad. Het belangrijkste
streven van het werk is om bloot te leggen hoe elementen van de stadsstructuur kunnen worden
beschouwd als elementen van een complex systeem en om vervolgens aan te duiden hoe je deze
elementen op een doelbewustere manier zou kunnen ontwerpen, zodat ze een grotere intrinsieke
capaciteit hebben om te reageren op veranderende krachten in de stad. Het onderzoek is verder
gebaseerd op de idee dat, hoewel het de mensen zelf zijn die reageren, de specifieke materiéle
kenmerken ook van belang zijn. Sommige vormen van materiéle omgevingen dragen grotere
intrinsieke fysieke capaciteiten (of affordances) in zich dan andere om het soort dynamische
processen uit te voeren dat in complexe systemen wordt waargenomen, en kunnen daarom met het
oog op deze affordances worden ontworpen. De primaire onderzoeksvraag is dus:

Welke fysieke en morfologische omstandigheden moeten er in een stedelijke omgeving heersen om de
dynamiek van complexe adaptieve systemen te laten ontstaan, zodanig dat de fysieke componenten (of
‘bouwstenen’) van de stedelijke omgeving een grotere capaciteit hebben om functionele configuraties
in ruimte en tijd bloot te leggen als reactie op zich ontwikkelende contextuele omstandigheden?

Het antwoord op deze vraag ontvouwt zich in het proefschrift in diverse stadia. Om te beginnen
proberen we de fundamentele dynamiek van een complex adaptief systeem te destilleren. Dit
gebeurt aan de hand van een uitgebreid literatuuronderzoek waarin een breed scala aan veel
geciteerde 'definiérende principes’ of ‘sleutelattributen’ van CAS wordt onderzocht. Hieruit worden
gemeenschappelijke kenmerken geéxtraheerd en gedestilleerd in zes belangrijke principes die
worden beschouwd als gegeneraliseerde kenmerken van een willekeurig complex systeem, ongeacht
het domein. Daarnaast wordt in deze sectie ingegaan op eerder stedenbouwkundig onderzoek naar
complexiteitsprincipes, zodat we het onderscheidend perspectief van deze dissertatie beter kunnen
positioneren. Dit berust vooral op de focus van het proefschrift op complexe stedelijke processen
die optreden door middel van materieel gefaciliteerde in-situ processen. Dergelijke processen
hebben tot nu toe relatief weinig theoretische aandacht gekregen. In de openingssectie presenteren
we inleidende voorbeelden van wat zou kunnen worden bedoeld met een ‘'materieel faciliterende’
(materially enabling) omgeving.

In de kernsectie van het onderzoek wordt vervolgens uitvoeriger ontrafeld hoe complexe processen
kunnen worden opgevat als processen met een morfologische dimensie. In dit hoofdstuk wordt eerst
in grote lijnen ingegaan op de potentiéle ‘faseruimte’ van een fysieke omgeving en hoe deze kan
worden uitgebreid of beperkt aan de hand van verschillende factoren. Met behulp van gerelateerde
inzichten uit de evolutionaire economische geografie beredeneren we dat nieuwe capaciteiten wel
vaak worden onderzocht op hun sociale, economische, of politieke aspecten, maar minder voor wat
betreft de concrete fysieke substrata die ook CAS-dynamiek kunnen ‘dragen’ of ‘vastleggen’. Dit thema
wordt verder uitgediept in het volgende artikel, waarin een algemeen kader wordt geintroduceerd

voor het bespreken van CAS binnen stedelijke milieus. Dit kader maakt gebruik van de termen voor
‘verbeeldbaarheid’ (imageability) die populair zijn gemaakt door Kevin Lynch: paden, randen, wijken,
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landmarks en knooppunten. Deze termen worden doorgaans in verband gebracht met fysieke of
‘objectachtige’ kenmerken van de stedelijke omgeving, dat wil zeggen met hun beeld. De terminologie
wordt op zodanige wijze overgenomen dat de termen niet alleen verwijzen naar de fysieke kenmerken,
maar ook naar de complexe processen die door deze kenmerken worden gefaciliteerd. Om dit
argument uit te werken stellen we in het artikel de statische en ‘verbeeldbare’ kwaliteiten van New
Urbanism-projecten tegenover de ‘zich ontwikkelende’ (unfolding) en dynamische kwaliteiten van
complexe systemen. Hierbij is de kritiek op voorstanders van New Urbanism dat ze de onderliggende
krachten die de omgevingen genereren die ze willen nabootsen, niet voldoende op waarde schatten.
Vervolgens wordt de effectiviteit van dit aangepaste ‘Lynchiaanse’ kader getest aan de hand van

de casus van de Grote Bazaar van Istanboel. Van specifieke elementen van de stadsstructuur van

de Bazaar wordt gesteld dat ze beschikken over een materiéle werking die het mogelijk maakt dat
bepaalde nieuwe ruimtelijke verschijnselen zich manifesteren. Daarnaast worden vergelijkingen
gemaakt tussen de fysieke dynamiek die zich ontwikkelt binnen de morfologische context van de
Bazaar (en die leidt tot opkomende handelswijken) en parallelle dynamiek die wordt onderzocht
binnen de evolutionaire economische geografie.

In de laatste sectie van het onderzoek breiden we dit onderzoek uit naar digitaal verrijkte (augmented)

stedelijke elementen die een groter vermogen hebben om informatie te ontvangen en over te brengen.

Een reeks speculatieve gedachte-experimenten laat zien hoe verrijkte stedelijke entiteiten de CAS-
dynamiek zouden kunnen gebruiken om verschillende soorten stedelijke optimalisatiescenario's af
te leiden, waardoor deze materiéle entiteiten zichzelf (samen met hun gebruikers) zouden kunnen
organiseren en geschikte structuren zouden kunnen ontdekken. In het afsluitende artikel wordt het
perspectief omgedraaid en wordt bekeken hoe niet alleen materiéle, maar ook menselijke werking
(agency) wordt verrijkt met nieuwe informatietechnologieén (smartphones), en hoe dit kan leiden tot
een nieuw spel met agency waar weer nieuwe resultaten uit kunnen ontstaan.

Het proefschrift is gebaseerd op een compilatie van artikelen die voor het grootste deel

zijn gepubliceerd in wetenschappelijke tijdschriften. Al het onderzoek is gepresenteerd op
wetenschappelijke conferenties met peer review. Tussen de secties worden inleiding, conclusie
en verklarende overgangen gepresenteerd om de narratieve lijn tussen de secties en de artikelen
te verduidelijken. Ten slotte wordt er een kort ‘coda’ over de ruimtelijke dynamiek van de Turkse
theetuinen gepresenteerd.
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parT1 Introduction

The introduction begins by establishing the research context that the thesis relates to. Having set

the context, I situate the work within other research, identifying the specific area that I am looking to
contribute to. I'then outline my key research question and the research tasks required to answer this
question. I follow with the methodological steps required to address each research task, discussing
how the various chapters of the dissertation each contribute to developing the argument of the overall
thesis. I then go on to discuss the research limits. I conclude the introduction with a number of notes
on the manuscript organization, providing an overview of the structure of the dissertation (Literature
and Precedents, Hypothesis, Case Studies, Future Directions, and Conclusion), as well as some final
notes on reading the manuscript.
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Research Qutline

Complex Adaptive Systems theory is a field of study developed in the natural sciences, where it refers
to a very specific range of systems. These systems involve a large number of agents that together
generate unpredictable, organized global behaviours predicated upon agent interactions (Holland,
1995; Kauffman, 1996). CAS, therefore, involve 'bottom-up’ rather than ‘top-down’ dynamics, and
the study of CAS involves understanding how local interactions are nonetheless able to generate global
order. The principles of CAS theory, (introduced in depth within Chapter Two of the dissertation and
re-introduced in many of the subsequent chapters) are briefly outlined here with a few introductory
comments to establish a preliminary background for the topic.

CAS is an outgrowth of earlier work in Cybernetics (Ashby, 1947) and Systems Theory (von Bertalanffy,
1968). This foundational work concerned itself with investigating systems themselves - rather than
the objects within systems - as a fundamental field of inquiry. The goal of this work was to understand
objects not as entities in and of themselves, but instead as component parts of larger systems that
the objects contributed to, and stabilized. However, this research remained largely predicated upon
perceiving systems as ‘closed”: that is, as having a singular optimum, with the goal of a system being
to move towards an ‘equilibrium’ state. Complexity Sciences, by contrast, turns to the analysis of non-
linear systems - ones in which multiple equilibria exist and where the manifestation of a particular
system state is the result of historical unfolding (Manson, 2001). Formulating and disseminating the
burgeoning sciences of complexity was spearheaded in the 1980s at the Santa Fe Institute, whose
mission was to develop a general theory of complex systems and self-organizing processes applicable
to both the natural and social sciences (Heylighen, 1999b; Martin and Sunley, 2007b). From these
beginnings, CAS research found traction in a wide array of disciplines and in research conducted
around the world.

The core of our general fascination with Complex Adaptive Systems is reflected in the kinds of
examples that tend to be employed when describing such systems: the uncanny ability of ants to self-
organize, for termites to collectively build complex mounds, or for heated water molecules to churn

in regulated patterns (Benard rolls). In each case, it is the unexpectedness of order appearing in the
absence of top-down control that elicits our surprise and interest.

The study of Complex Adaptive Systems (CAS) theory is now firmly entrenched as a key area of
research implicated within a wide array of disciplines, with urbanism being no exception (Sengupta
etal, 2016). There are a growing number of urban theories that incorporate CAS perspectives
within their conceptual frameworks, including work in computational modelling (Batty, 2008),
communicative planning (Healey, 2007), and the broader relational and assemblage approaches to
geography (Anderson and Mcfarlane, 2011; Hillier, 2008; Inness and Booher, 1999). The interest
in the contingent dynamics of complex systems corresponds with a growing sense of dis-ease

with the notion of predictable futures and increased skepticism towards traditional "plan-making’
(Graham and Healey, 1999).
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CAS studies are applicable to the urban domain for a variety of reasons. First, CAS demonstrate an
‘alive’ quality: a feature that is potentially important in the creation of convivial urban spaces. Second,
CAS are able to learn’ over time: meaning that more robust configurations of the urban fabric may
potentially be discovered if urban environments enabled CAS dynamics to unfold. Third, CAS are
robust in the face of external shocks - hence urban environments informed by CAS dynamics are likely
to be more resilient and resistant to large-scale failure (which too often plague large-scale master-
planned schemes). Finally, a CAS perspective places an emphasis on relations rather than objects - in
keeping with an increasingly relational turn in contemporary geography - a subject that I return toin
Chapter Three (see also Anderson & Mcfarlane, 2011; Graham & Healey, 1999).

That said, CAS theory’s appropriation within planning and urbanism (and within the humanities

in general) has displayed a tendency to abandon the specificities of the source domain in favour

of a much more general, metaphoric appropriation (Chettiparamb, 2006). This is not to say that
such usage has not proven useful - the richness of CAS derived metaphors allows us to consider

new perspectives, and opens new conversations in a host of fields, including that of urbanism and
planning (Thrift, 1999). Many insights have been gained by adopting a non-linear, process driven
ontology wherein both time and history matters. But while there have been gains there are also losses.
Too often ‘Complexity’ has made its way into the urban lexicon as a popular buzz word that refers to
anything and everything that we have difficulty understanding (Thrift, 1999). In much of the design
and planning literature, there is little disambiguation made between notions of what is ‘complicated’
versus what is ‘complex’, (Cilliers, 1998). The resulting overuse of complexity terminology has,
therefore, at times rendered it meaningless.

Concurrently, while there have been moves towards embracing an increasingly process-driven
‘relational’ ontology in geography and planning, this has tended to be limited to more theoretically
driven discourses regarding the political, economic and cultural drivers that inform ‘spatiality’ rather
than the physical characteristics of space itself (Malpas, 2012). This points to a general disconnect
within planning scholarship that has shifted away from “plan-making’ (the substance of design) to
‘the making of plans’ (the processes that inform plan-decision making (see Milroy, 2010)). With this
lack of interest in the ‘stuff of space,” there is little in the way of clear methodologies for formulating
a physical design perspective that does not involve some sort of projection of future physical states.
This absence is discussed in Chapter Three, which notes that ‘the planning community has neglected
its scholarly interest in developing new insights into the nature of spatial relationships, and in

the articulation of space in relational and non-Euclidean ways' (Davoudi and Pendlebury, 2010,

page 638).

Accordingly, despite a growing body of urban discourse engaging complexity (including
computational, communicative, and assemblage approaches), these approaches engage more so with
the subject of planning (planning practices, actors, power-structures, dialogues, stories, etc.), than
with the object of planning (buildings, plots, streets, and squares). Chapters Two and Four observe
that, despite CAS being a major topic of research within urbanism and planning, there is a dearth of
literature regarding how CAS dynamics might be operationalized in physical conditions: instances
where CAS processes are performed through the medium of urban form in situ - not in virtual forms
situated within the confines of computer models, nor in communicative forms involving planning
dialogue.

L argue that, while many have extolled the benefits of adopting a CAS perspective to urban design
problems, (see for example authors in Portugali, Meyer, Stolk, & Tan, 2012) little explicit attention has
been directed towards understanding the role that formal morphological traits may play in enabling
emergent unfolding to occur over the course of time. Further, the tendency to abandon examining the
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specific dynamics of CAS - sidestepping efforts to understand how order is achieved in such systems,
and instead loosely labelling all complicated systems as ‘complex’ - can easily lead to examining each
and every system as being ‘complicated’ without actually gaining anything from the specificity of how
CAS operate. Angelique Chettiparamb, in her paper ‘Metaphors in Complexity and Planning’, reacts to
this rather loose appropriation of CAS, stating that:

..the re-conceptualization must be taken further to achieve three objectives: to explore the connotative
meanings associated with complexity theory as revealed in different source domains from which the
theory originates [...] to undertake a fuller and more detailed exploration of the abstracted features

so as to yield the relational structure within the abstraction in finer detail; and to undertake empirical
work to detail out how the imported structural mapping plays out in the new target domain, thereby
yielding new insights relevant to this domain, while changing and contextualizing the received
concepts. (Chettiparamb, 2006, page 82)

To Chettiparamb's point, work at the Santa Fe Institute, while open to cross-disciplinary fertilization,
is predicated on the notion that CAS principles - whether applied in biology, neurology, economics,
or cities - can be framed through a generalized meta-framework where insights from one area are
operationalized when working within another. The Santa Fe Institute aims to outline general CAS
principles seen not as metaphors that enrich another subject, but as directly applicable operational
principles (Gell-Mann, 1994). It is this view of cities themselves as emergent, evolutionary systems
that I wish to examine more closely.

Chettiparamb observes that research tying urban theory with CAS tends to follow two major
approaches: quantitative work focusing upon modelling in computational environments (like that of
Mike Batty and other computational geographers) or qualitative work that engages CAS as more of

a metaphoric lens to highlight various urban processes (like that of David Byrne or John Urry). While
both these approaches are fruitful, I wish to consider her call for a 'more detailed exploration of the
abstracted features’, and the need 'to detail out how the imported structural mapping plays out in the
new target domain, thereby yielding new insights’ (Chettiparamb, 2006, page 82).

To this end [ take as guides, firstly, the work of Evolutionary Economic Geographers (EEG), who apply
CAS principles to the study of urban clusters, and secondly the work of Urban Morphologists who
closely examine the material properties of cities. Finally, I look to understand the dynamics of complex
systems based upon readings from a number of sources, too numerous to mention here (though
outlined in Chapter Two). Amongst these sources, I would be remiss not to highlight the clear writings
of the following individuals: Manuel DelLanda, who is able to navigate seamlessly between the hard
sciences and the humanities; John Holland and Stuart Kaufmann (each of the Santa Fe Institute)

who are able to explain complex processes in simple terms; and finally Francis Heylighen (Vrije
Universiteit, Brussels), whose hundreds of publications on complexity provide a detailed synthesis

of the mechanisms behind emergent phenomena and CAS dynamics. Each of these authors outline
the fundamental principles of Complex Systems in an intuitive and concise manner, and it is largely
through reading their works that I have developed an understanding of CAS principles. In what follows,
[ briefly discuss how each of these areas of research contribute to my central argument.
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Evolutionary Economic Geography

Work in EEG, including that advanced by Ron Boschma and Koen Frenken (2005), as well as Ron
Martin and Peter Sunley (2007b), aims to understand how the emergence of economic clusters can

be seen as an outcome of Complex Adaptive Processes. Further, EEG follows the Santa Fe approach

of using CAS principles in ways that are analogic as opposed to metaphoric. Accordingly, Evolutionary
Economic Geographers frame their analysis of the behaviour of firms based on the premise that all CAS
display general properties. They then attempt to graft the qualities derived from CAS systems onto the
behaviours of firms, to thereby unpack the processes that lead to the emergence of economic clusters
in the absence of top-down control. Here, firms are conceptualized as agents in a complex system that
interact with one another and together manifest emergent properties.

This research adopts the perspective of General Darwinism, which argues that any system - biological
or otherwise - involving mutation, selection, and retention of qualities will eventually evolve towards
a more productive or ‘fit’ regime. Complex Systems Theory extends the framework offered by General
Darwinian approaches to speak of multi-agent systems: ones wherein many agents work together

to chart an overall evolutionary trajectory. These involve complex webs of interaction and non-linear
feedback, leading to emergent phenomena. Emergence - the appearance of a global, unexpected
broader pattern - while initially predicated upon bottom-up interactions, subsequently creates
conditions of downward causation, whereby the agents within the system come to be constrained by
the emergent entity.

The work of EEG is of particular interest because it pays attention to CAS dynamics that resultin
concrete formal consequences (in this case, clusters or ‘agglomerations’ of firms). Here, CAS dynamics
are 'played out’ on the ground, giving rise to new physical urban features, which in turn stabilize

and reinforce their presence via feedback mechanisms. Two aspects of this perspective pertain

to the research presented here: EEG engages CAS processes that unfold in physical space - rather

than engaging CAS processes that concern physical space - and EEG assumes that behaviors of
agglomerating firms are examples of CAS (rather than exhibiting metaphoric aspects of CAS).

Urban Evolutionary Morphology

The Ph.D. examines the relationship between CAS theory and urban morphological traits. By traits,

I mean to say the physical components of urban design - streets, building plots, landmarks, street
facades, etc, - that together form the material features of the urban environment (see Karl Kropf,
2011). Urban morphologists attempt to understand different inherent characteristics of urban form
and unpack what kinds of forms give rise to positive urbanity. This thesis explores the hypothesis
that certain kinds of urban morphological traits either inhibit or enhance the processes of complex
adaptation as it occurs ‘on the ground'.

Kevin Lynch provides fodder for morphologists by compartmentalizing the urban experience into
‘imageable’ aspects of form - edges, landmarks, paths, districts, and nodes. His work is discussed
at length in Chapter Six, where L argue that Lynch's work has been co-opted by the New Urbanism
movement as a means to catalogue 'good’ urban fabric (Ford, 1999; Hamer, 2000). But if New
Urbanists aim to emulate the visual characteristics of ‘good’ urban fabric, we might also ask what
makes fabric ‘good’ from a complexity perspective.

Here, I consider what makes certain fabric ‘good’ insofar as it enables certain kinds of processes - ones
that support complex adaptation - to occur over the course of time. The work thereby builds upon
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investigations of urban morphologists that aim to understand how the physical building blocks of
urban space may or may not be conducive to promoting incremental urban change over time (see for
example, Haken & Portugali, 2003; Hakim, 2007; Kropf, 2001; Marshall, 2008; Porta, et. al 2011).
That said, while many morphologists consider the kinds of urban forms amenable to incremental
evolution, few frame this understanding by explicitly engaging a CAS perspective (though there are
some exceptions: see for example Hakim (2014)). The dissertation thus aims to contribute to urban
morphological research by engaging principles of Complexity Theory in a more explicit manner:
clarifying the mechanisms required for evolutionary change to occur.

Complexity Adaptive Systems Theory

Finally, the research aims to analyse urban fabric using a lens informed by CAS theory. To do so, a
significant aspect of the dissertation involves outlining the principles of CAS theory in ways that make
itapplicable to urban processes. The thesis is that cities are not like complex systems, but rather

that they are complex systems. I am indebted to research in complexity theory - particularly the work
emanating from the Santa Fe Institute - that frames CAS as a meta-framework, the general principles
of which can operate in many distinct areas.

Figure 1.1 illustrates how the Ph.D. work is situated in terms of the broader literature, with Complexity

theory being a key influence, but the work of EEG and Urban Morphologists - who engage CAS theory -
forming the research context.

Evolutionary

Economic
Geography
Complexity
Theory
Evolutionary
Urban
Morphology

FIGURE 1.1 Positioning the Research

While this dissertation engages each of the three research areas above, it draws strategically from
each, focusing upon:

Adopting strategies developed within Evolutionary Economic Geography - which engages CAS as a

non-metaphoric meta-framework - but enriching EEG with a more explicit material perspective (such
that a discourse that already considers how the emergence of physical clusters is enabled by social,
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economic, political perspectives is enriched by a theorization of the material conditions that might
engender emergent outcomes).

Considering evolutionary urban morphology through an explicit CAS 'lens’ to read the efficacy of
different kinds of formal characteristics. Here, the relevance of morphological characteristics is framed
around how well these traits enable CAS dynamics to unfold.

Engaging CAS in a non-metaphorical way - as a meta-framework that can be applied in numerous
target domains in accordance with fundamental principles.

Until recently, the 'work’ of urban design - from a practitioner standpoint - has been predicated upon
the completion of master planning schemes: an approach that typically set goals and then attempts
toimpose a linear trajectory to achieve these goals. Here, ‘city planners and the plans they produced
assumed that cities were in equilibrium and the focus was almost entirely on implementing some form
of blueprint depicting a desired end state' (Batty & Marshall 2009, p.563, see Chapter Three). This
approach to planning relied upon the predictive power of architects, transport engineers, and urban
designers —those ultimately tasked with depicting the right kind of 'end state’ for the cities we live

in. Unfortunately, the predictive power of these actors was often lacking. This should not be seen as

a critique of the rigour of the processes that were followed. Instead, the difficulty lies in the fact that
cities are, as Horst Rittel would describe, ‘wicked’ problems - inherently complex, novel, un-testable,
and unpredictable, (1973).

While there are certainly some instances of master-planned schemes that have proven successful,
there have been more than enough that have proven disastrous. In particular, many of the mass
housing schemes built in Europe and in ‘regenerated’ North American neighborhoods have proven

to be uninhabitable. Apart from housing, many urban renewal schemes (involving new public plazas,
or new 'signature’ projects such as convention centers, sports facilities, or new market districts),
often fail to produce the kinds of urban spin-off benefits they are intended to generate. Huge, publicly
funded investments have, too often, failed to generate the benefits they were intended to create.

There have been a variety of responses to this lack of master-planning success. In some contexts,
planners have moved away from a faith in the ‘expert’ vision, to instead call upon the public as a way to
gain insight into actual rather than perceived needs. This has led to movements such as strategic and
participatory planning (which draw insights from CAS theory). These approaches, while calling upon

a greater number of voices and perspectives into the visioning conversation, nonetheless still assume
the predictive power of these individuals as being accurate. Again, if we see urban problems as being
‘wicked', such predictive power is suspect.

In the North American context where I work, formalist New Urbanist (NU) strategies (discussed in
Chapter Six), offer another alternative to modernist techniques. This approach, which has garneered a
huge following in North America both in practice and in academia, relies upon a proscribed, normative
idea of urban 'goodness’ based upon successful urban precedents. Rather than trying to predict what
will work, the emphasis is on replicating what has worked in the past. While the physical settings
created differ from those of modernist schemes, the method to achieve these settings nonetheless
echoes previous modernist planning ideologies: basing itself upon a normative approach to decision-
making which implies a singular and static version of truth. Far from invoking process, New Urbanists
aim to create a static 'picture’ of conviviality. This picture assumes a predeterminted and static
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notion of what is ‘good’, without acknowledging the complexities and uncertainties of each particular
urban environment.

Ultimately, the Ph.D .is concerned with how designers might generate ‘good’ urban form: the question
is, what do we mean by good? I take the position that a significant aspect of ‘goodness’ relates to

the urban fabric's capacity to easily evolve over time in response to shifting and uncertain forces

(be they political, social, economic, etc.). This matters, because cities no longer have the time to
evolve naturally over time. Those charged with ‘'making plans’ have to make decisions, and too often
they have both too little information to steer their decision-making, and too many factors of urban
complexity to process.Iam not alone in trying to address these concerns using a CAS framework.

As T will outline in Part Two, computational modelers attempt to model complex factors by running
multiple simulations; communicative and strategic planners try to gain greater insight into complex
factors by running multiple consultation processes; and assemblage thinkers try to place the
complexities of the city into a theoretical framework (though the ways in which this framework would
assist in making decisions that would affect the urban remains unclear).

Notwithstanding this variety of approaches to engaging CAS and urbanism, while each of the
discources above relate to the urban, none directly engage the urban. Is it possible that the urban
fabric may, itself, possess (or be endowed with) the agency required to process urban complexity?
Recent academic research in New Materialism (see, for example, Whatmore, 2006; Bennett, 2004;
Delanda, 2004; Barad, 2003), places a renewed interest in the role that matter plays in activating
situations. While the specifics of this particular discourse lies somewhat outside of the central
scope of this dissertation, it nonetheless serves to highlight the concerns that I have with the typical
approaches to urbanism that employ CAS: that is, the lack of engagement with material conditions
in favor of other social, economic, political, or abstract considerations. With the retreat from drawing
normative master-plans, also came a retreat from thinking deeply about the role the physical
components of these plans might have in generating their own complex dynamics, or, as will be
discussed in the thesis, responding to the complex dynamics that they are situated within.

What does it mean for form to respond? Here is where the questions of the thesis begin to become
more focused: what are the ways in which physical elements, normally perceived as being static can, in
some way, engage with and become an active part of the complexity of the city?

In answering this question, a complexity perspective to design would need to eschew notions of a
singular equilibrium, recognizing instead that complex processes can unfold in multiple trajectories,
with many possible end states, all of which are viable in different ways. In this conception, "history
matters’ (or in more technical terms, is ‘path dependent’), in that both planned and random
fluctuations can result in entirely divergent (but equally viable) unfolding trajectories (Delanda,
2000; O'Sullivan, 2004). A CAS ontology would thus concern itself not only with activating
something in space and time, but in activating the possibility for many potential existences - creating
circumstances whereby the pluripotential (de Roo and Rauws, 2012) of a region can be navigated in
multiple, responsive ways.

A central thesis of this work is that the urban fabric can, in fact, be seen as a kind of phase space
(Jones, 2009), that can be activated more or less effectively according to the morphological traits
present therein. Activation involves increasing the number of ‘degrees of freedom’ that each urban
artefact can manifest. This notion of degrees of freedom is not new - Delanda also speaks in these
terms - but this work aims to clarify what this might mean in concrete rather than metaphoric terms:
such that the material properties of physical urban fabric are directly implicated in the processes of
CAS unfolding.
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I wish, therefore, to consider what material factors would enable shifts in functional configurations:
how a neighbourhood might shift from being predominantly office units to housing units; or a

street might shift from car use to pedestrian use; or a bus route might shift from navigating along
one trajectory to navigate along another. In each case, this shift would emerge from bottom-up CAS
processes, without a predetermined outcome anticipated. At the same time I am interested in how
we might design, from the outset, environments that are ‘primed’ or ‘staged’ so as to enable them to
‘search’ through various kinds of urban system states over the course of time and eventually, through
feedback mechanisms, ‘settle down' into a ‘fit’ functional state.

Here, as suggested by de Roo & Rauws, ‘it is a matter of stimulating the diversity of development that
link in with the current potential of the area. Embracing diversity, and therefore increasing flexibility
and the possibilities for responding to uncertainties, [that] could create more opportunities for future
innovations.' (de Roo and Rauws, 2012, page 220). This perspective also involves accepting that the
unfolding of any particular trajectory or development in space and time is but one of many potential
(or'virtual’ as Deleuze would frame it), trajectories which - due to small shifts in initial conditions

- might alternately unfold in completely different manners. Embracing this ontology requires a
fundamental shift in typical practitioner thinking, such that design ‘problems’ are no longer seen as
issues to be ‘solved’, but rather situations to be performed or enacted in ways that permit unexpected
yet ‘fit’ solutions to emerge.

That said, there are many different kinds of productive or "fit’ urban conditions - each of which are
culturally, politically, economically, and socially defined - and such conditions are often predicated
upon human actors. Nonetheless, the material ‘stuff’ of urban fabric is not without a kind of enabling
agency. Certain kinds of urban morphological settings can be more responsive to being altered by
human agents in the face of broader forces. Here, we can speak of Gibson's theory of affordances,
wherein certain artefacts afford broader ranges of action than others (Gibson, 1986).

This research, at the broadest level, therefore concerns itself with understanding the kinds of physical
and material urban environments that have an enriched capacity to evolve. Here, when we think of
capacity we include the ‘phase space’ of potential - a notion drawn from physics that is explored in
depth in Chapter Five, Considering how Morphological Traits of Urban Fabric Create Affordances for
Complex Adaptation and Emergence. Chapter five considers the notion of phase space (following
Jones (2009)) which is more explicitly tied, in Chapter Eight, to Gibson's notion affordance (1986).
Together, the concpets of Affordances and Phase Space help us frame how one might embed multiple
performative capacities within a singular urban object, such that it can more flexibly respond to
unfolding conditions in an adaptive manner.

The Ph.D. argues that urban fabric, by being embedded with multiple affordances, can have an
enhanced capacity to respond to changing urban forces. Accordingly, situated morphological features
can, in a sense ‘learn” how to operate in a more effective manner by having their affordances ‘tested’,
enacted, or ‘broughtinto being’ as a response to shifting urban forces. The incremental evolution of
these individual components eventually leads to emergent and ‘fit" urban configurations.
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An example of a ‘it urban condition emerging as the result of an enabling material context can be
found in the oft-cited case of pathways in a park. These pathways can be pre-planned (and they may
or may not function well), or they can gradually emerge by means of many park-goers walking and
leaving tracks in the grass — such that the areas with the greatest preponderance of foot-traffic become
inscribed on the ground as functional pathways (which can thereafter be ‘stabilized’ through paving).
Here the malleable affordance of the ground itself is a pre-condition for a ‘fit’ path emerging over the
course of time through the actions of many actors.

That said, a given urban 'state’ might be deemed ‘fit’ in accordance with many differing parameters,
the metrics of which would be highly context dependent, and appropriate for each transformation.
Thus, a functional shift from office to housing might be evaluated based upon lower vacancy rates

or higher property values, a shift in road use might be accompanied by higher business traffic but
more congestion, a shift in bus routing might result in higher average ridership and lower average
travel times. The notion of “fitness’ is thus closely associated with the ability to steer the system with
meaningful feedback (a concept explored in cybernetic studies) as well as information (the 'difference
that makes a difference’ according to Bateson (2002). Both of these notions are unpacked in greater
depth in subsequent chapters.

Discovering a ‘fit’ state is a highly contingent process, with numerous possible outcomes, depending
upon which parameters are activated. The research therefore neither presumes to predict the
specificities of what ultimately evolves (an applied/predictive question that modelers of urban CAS
often engage), nor offers any value judgements regarding what should ultimately unfold (a normative
question that communicative planners often engage). Instead, it looks specifically at the necessary
morphological prerequisites that can enable unfolding (an empirical question engaging explanatory
variables).

The key Research Question is thus,

What physical and morphological conditions need to be in place within an urban environment in order
for CAS dynamics to have an opportunity to arise - such that the physical components (or ‘building
blocks’) of the urban environment have the capacity to discover functional configurations in space and
time as a response to unfolding contextual conditions?

Answering this question hinges upon aligning key processes that occur within the source domain

- Complex Adaptive Systems - to corresponding processes occurring in the target domain -

Urban Environments. That said, if this reading is to be meaningful and robust, it requires a deep
understanding and critical appropriation of CAS perspectives - an appropriation rigorously linked to
actual CAS dynamics.

Accordingly, in what follows, I undertake the following Research Tasks:

undertake a detailed examination of the key dynamics associated with complex adaptive systems that
allow these to hold emergent, self-organizing and evolutionary capacity (regardless of the system under
study);

identify the corresponding physical characteristics that need to be present within the urban
morphological setting in order to instigate the unfolding of similar dynamics;

formulate and corroborate a clear analogical appropriation of CAS theory that illuminates the basic
requisite requirements for physical urban environments to function as Complex Adaptive Systems.
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Finally, while understanding CAS is important, creating a vocabulary for this understanding that
can be employed by the non-expert is key to making this understanding useful to a broader public
of designers and planners. In order to bridge the theory of CAS phenomena with the methods and
aspirations of urban designers, CAS needs to be conceptualized in a manner that makes it both
accessible and functional. This results in the final research tasks:

develop a conceptual framework that makes the principles of urban CAS dynamics more
understandable, intuitive, and operational for urban designers and planners;

demonstrate how this formulation might be employed to steer design processes, whereby designers
create ‘potentialities’ rather than designs, and steer or instigate - rather than control - dynamic urban
processes.

Norbert Weiner was the first to use the term ‘cybernetics’ to refer to a new way of thinking about
systems that are able to reach goals through adjusting trajectories in accordance with feedback
(Wiener, 1948). The term cybernetics translates literally as ‘steersman’, coming from the Greek
‘kubernan’ meaning ‘to steer’. The steersman or ‘oarsman’ keeps his eye on the target and, through
simple modifications to the oar's position, is able to reach his goal despite encountering complex
forces of wind, currents, etc. While the oarsman can see his target, he does not know when he
embarks on his journey the precise way he will need to maneuver the oarin order to reach it. Instead,
he responds to the task at hand in real time and in accordance with feedback. Early cyberneticians
believed that a broad range of seemingly divergent systems followed similar cybernetic principles, and
undertook to undestand these principles.

In a similar vein, it is perhaps useful here to see this research unfolding not by means of a clearly
charted path, but rather, like the topicitself, as a complex adaptive system. To put another way, it
may be preferable to speak of a research ‘journey’ rather than a research ‘'methodology’ (McGowan
etal.,, 2014). Particularly when operating within complex domains, a clear methodological path may,
while appearing rigorous, prove to be an artifice. A recent study asked researchers working on complex
problems to describe their research trajectories. It yielded the following observation: ...research
journeys were [...] largely emergent or inadvertent; researchers adjusted their work according to the
evolving question or emergent realities of the projects on which they worked.” The authors continue,
‘we must be more aware of the need for a [research] journey when approaching complex systems’,
while maintaining ‘an awareness of the researcher’s relative position in the field, as an individual who
does not uniquely observe but also interacts with and must react to the circumstances in which they
find themselves’ (McGowan et al., 2014).

Similarly, I have initiated a range of research tasks and, according to feedback, I have adjusted my
trajectory - reinforcing avenues that emerged as productive and abandoning tasks that yielded dead
ends. Work developing Net-Logo models did not make its way into the dissertation and represents
one such abandoned trajectory; work with students on speculative proposals was a late addition

to the research (and may be said to have been a random exploration), yet this bore fruit. That said,
throughout the years, [ have maintained a clear target in mind that has steered my thinking: that

is, to unravel how morphological traits of urban fabric might steer complex adaptation in urban
environments. Like the oarsman in cybernetic thinking, I have kept my eye fixed on this target, while
remaining responsive to various insights and inspirations along the way.
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Accordingly, the methods employed to develop this research vary from task to task and paper to paper.
In some instances, [ examine case studies, compare literature, conduct site interviews, and examine
historical documents. In others, I extrapolate principles from the work of others - particularly those
working within the field of Evolutionary Economic Geography. Other work yet involves research by
design, with this being undertaken through speculative competition entries and exploratory student
research. Throughout, I employ a pragmatic approach that involves a combination of quantitative

and qualitative methods. In each case, urban form is examined through the lens of complexity theory,
attempting to derive how the built fabric may hold the capacity to evolve and exhibit emergent traits.

The unifying methodological thread has been to treat CAS dynamics as being applicable in multiple
domains, position urbanism as one such domain, and then adopt inductive methods to illuminate
how urban processes operate as CAS. A large part of the research task has, therefore, involved
understanding the essential dynamics of CAS. This required examining definitions, principles, and a
plethora of approaches drawn from a broad spectrum of literature dealing with complexity. That said,
CAS s a still a young field, lacking clear boundaries, definitions, methods, and accepted terminology.
Chapter Two of the Ph.D. attempts to synthesize the various key principles and approaches that inform
complexity studies. It does so by casting a wide net, capturing sources from different discourses, with
references from one discourse gradually leading a trail to another. With no accepted ‘standard’ model
in place for framing CAS dynamics, I instead glean principles from research that is highly cited, and
then proceed to identify the characteristics that help position how CAS dynamics are framed in order
to better inform and understanding of urban cases.

[then elect to use case studies and illustrative examples as my primary means of grounding the
research. The decision to use case studies and illustrative examples, rather than an experimental
method, is due to the unwieldy scope of the urban case. There is no method that allows one to "test
out’ urban morphological evolution and emergence within a scale and time-frame suited to Ph.D.
research. Many researchers have addressed this constraint by employing computational models which
‘simulate’ urban unfolding. Early in my research, I made the decision not to pursue this method. This
decision was based on a number of factors: an awareness of the conceptual limitation of models;

the breadth of research already being pursued in this manner; and the fact that this research (largely
undertaken within computational geography) was not transitioning easily into design practice. One of
my key aims was to engage in research that would ultimately inform design practice and, therefore, I
wanted to be able to point to specific morphological design principles that could intuitively be grasped
by designers with reference to specific projects. This necessitated the need to move away from
experimental methods that rely heavily upon code and abstract simulations: these remaining opaque
to the majority of design practitioners.

Accordingly, the research is advanced primarily through the examination of different kinds of case
studies. These fall under three categories. The first group of studies includes work conceived or built
by others, in which the work’s authors (or critical reviewers of the work) claim a theoretical link to
complexity discourses. This is specifically the case with regards to the landscape urbanism projects
that are highlighted early in the dissertation. In choosing the specific landscape projects to examine,
I chose work that is both widely published and projects that, if built, I had personally visited. The
second group of cases are those that remain in the form of speculative projects. These are chosen
from work that I have had direct personal involvement in (built projects, competition work, or work
undertaken by students enrolled in courses I teach). These examples, while mostly unbuilt, offer
‘thought experiments’ regarding the efficacy of employing CAS thinking in design. Each project sets
out to specifically examine how CAS dynamics might inform new kinds of design strategies that could,
in theory, steer complex processes leading to emergent urban form. Each aims to curate specificin
situ urban conditions in ways that would allow these to better ‘channel’ the forces that steer complex
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adaptation. They thereby employ research by design as a method and, as a body of work, begin to point
to some common design approaches.

A third group of studies involves built work that, while not claiming an explicit link to complexity,
appear to exemplify the properties of self-organizing and emergent conditions that I wish to foster.
These include examples such as the canal houses in Amsterdam and the Grand Bazaar in Istanbul. The
decision to focus specifically on the Grand Bazaar as the central case study was made for pragmatic
purposes. The case stood out as an environment that appeared to rely upon a multitude of parallel
agents acting independently whose actions, nonetheless, yielded an urban environment that exhibits
emergent global properties. The behavior of the merchants operating within their respective spaces
also appeared to echo CAS principles already being highlighted by Evolutionary Economic Geographers
which I could, therefore, draw upon. Furthermore, engaging this site provided access to resources
that allowed for more in-depth research to occur with relative ease. This included the availability of
maps of the area which clearly document shifting emergent retail clusters, the ease of obtaining site
interviews during the slow season when shop-keepers were personally available to be interviewed

(and culturally open to discussing their practices during long conversations over tea), as well as the
wealth of historical documentation on the Bazaar which provided a context through which I was able
to understand traditional site practices.

Apart from these illustrative cases, I also chose to highlight New Urbanism methods - not so much

as acase butas a counterpoint. This decision was made, in part, due to the impact that the New
Urbanism is currently having in North America where I live and work. If this dissertation aims to
consider how we might better structure urban fabric in order to channel emergent processes (and
thereby yield ‘fit" urban form), then New Urbanism is about proscribing “fit" urban forms in an attempt
to stimulate better urban processes. Clearly, New Urbanists are interested in the power of urban
morphology, but they see this power as pertaining to what the form looks like, whereas this research
aims to understand what form does.

The various sections of the dissertation thus engage a multifaceted (complex!) approach to research

thatincorporates inductive logic, comparative analysis, and case study research to pull from different
threads of inquiry so as to achieve my target goal, to: develop an understanding of key morphological

features of urban environments that enable CAS unfolding.

In order to achieve this, I ultimately pursue the following methodological steps:

Identify key overarching CAS properties

Situate the research within existing key literature

Consider relevant urban precedents

Generate a hypothesis for viewing morphological traits as enabling CAS dynamics

Develop a conceptual framework for relating urban traits to CAS dynamics (based on hypothesis)
Test/Corroborate the hypothesis through case study work informed by existing research
Speculate on future research directions given emerging technologies

The following section of the Introduction discusses in greater detail how each chapter of the
dissertation contributes to the methodological steps discussed above:

First: identify key overarching CAS properties: The nature of CAS dynamics is discussed in each of
the chapters, butis most thoroughly reviewed in Chapter Two, ‘Research In Urbanism And Planning
drawing from Complex Adaptive Systems Theory: Divergent definitions, concepts, methodologies, and
trends’. This Chapter begins with an overview of CAS properties, and how these properties have been
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incorporated into urban planning and design. It provides a comprehensive literature review of the state
of the field. The article begins by looking at the various definitions of Complex Adaptive Systems that
have been highly cited over the course of the last five decades. It then traces the crossovers between
these definitions in order to formulate a working synthesis definition of CAS. This definition highlights
six ‘traits’ of CAS that appear to be ubiquitous, in that CAS are:

Adaptive, evolutionary, and rule-based;

Comprised of a diversity of agents;

Described by scale free/nested mathematical hierarchies;
Characterized by self-organizing and fit emergent features;
Organized through flows and interactions;

Subject to non-linear, far from equilibrium and historical processes.

Using these headings, I position various key concepts and thinkers within these six traits [Figure 1.2].
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Having categorized the characteristics of CAS in this way, they can then be grouped into three
overarching classes: mechanisms that enable selection processes, properties of the selection
outcomes, and forces mediating the selection context [Figure 1.3]. These classes of CAS dynamics
are used to outline the general meta-principles of Complex Systems. The various features or CAS
processes that are identified and discussed are derived from a careful reading of the associated
scientific research, including both secondary sources and various works of the primary authors cited.

Second: situate the research within existing key literature. There is a wealth of urban research that
engages complexity, but each treats it differently - tending to be centred upon only a certain number
of the relevant traits. This then affects how CAS is defined, which authors are cited, and which
properties are deemed useful to consider from an urban perspective. I partition the existing research
into CAS dynamics into an array of key research ‘streams’ each of which draws from CAS theory in
different ways, with different emphasis and often different sources. I discuss eleven different streams
of urban research that each draw selectively from different aspects of CAS theory [Figure 1.4]. These
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cover a spectrum of research that includes computational geography, parametric urbanism, relational
geography, assemblage geography, urban morphology and evolutionary economic geography (see for
example Batty, 2007; Healey, 2007; Portugali, Meyer, Stolk, & Tan, 2012; Urry, 2003)
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Third: learn from relevant urban precedents: Having discussed the various ways in which different
streams of urban research draw from CAS principles, I note that few of these streams focus upon the
material features of the built environment: that is to say, how complex urban dynamics unfold in situ.
While there is some urban work occurring that is highly relevant from this perspective, itis seldom
situated as part of the dominant planning literature. Chapters Three and Four therefore highlight two
existing urban intervention strategies, Landscape Urbanism (Chapter Three) and Tactical Urbanism
(Chapter Four), that are analysed with reference to how each embody certain CAS dynamics.

Chapter Three, ‘Situating Complexity in Contemporary Landscape Practice’, argues that the Landscape
Urbanism movement (LU) integrates the vocabulary and concepts of CAS within its design rhetoric.

LU theorists speak of creating ‘open scaffolds’ that generate ‘possibilities’ and invite appropriations
(Corner, 1999b; Waldheim, 2006). L argue that such approaches resonate closely with CAS theory, and
that insights from these projects can meaningfully point to how CAS processes might be manifested
on the ground. I then compare the key attributes of CAS (as derived in Chapter Two), with key LU
Strategies to show the similarities in conceptual approach [see Table 1.1]).

CAS Characteristics Landscape Urbanism Strategies Traditional Planning

Adaptive and evolutionary Create catalyzing environments that Master plans, fixed outcomes, static.
adapt to unknown futures

Described by scale free/nested mathe- Develop overlapping, interacting, organi- : Single compositional plane of elements

matical hierarchies zational hierarchies

Organized through flows and interac- Leverage infrastructure and flows Built physical ‘objects’ organize and

tions. generate relationships

Subject to non-linear and historical Allow for non-linear, open-ended, and Optimized for planned/known outcome

processes contingent transformations over time

Characterized by self-organizing & emer- . Foster process-driven, emergent out- Characterized by fixed/static patterns

gent behaviours comes

Comprised of a diversity of agents Activate bottom-up tactics and strategies : Implemented through top down control.
to generate use

TABLE 1.1 Landscape Urbanism strategies compared to CAS and traditional planning practices

Despite these clear resonances, the examples of LU practice is still in early stages, with its conceptual
ambitions not fully realized in practice. A survey of various LU projects points to the gap between key
LU project’s claimed objectives and how these are actualized to a greater or lesser degree. [ argue that
further work is needed for the reality of the projects to more closely align with the rhetoric employed.

Accordingly, I'look to a second precedent - that of Tactical Urbanism (TU) - as anotherinstance

of urban intervention that might inform CAS. TU employs provisional testing, feedback, and the
exploration of urban phase space in an incremental, fluid manner. Chapter Four, ‘Tactical Urbanism
as a means of testing relational processes in space: A Complex Systems Perspective’ (Planning
Theory, 2017), argues that tactical urban approaches - ones that leverage the power of incremental
exploration, as well as evolutionary adaptation - provide an important precedent for how complex
urban processes might unfold on the ground. Further, the article presents a speculative design
competition entry (which I helped develop), that specifically engages CAS and evolutionary processes
through tactical means. While Tactical Urbanism is not generally theorized through a CAS lens, by
means of this example [ demonstrate that it nonetheless exemplifies processes central to CAS -
incremental testing, feedback and evolution [see Figure 1.5]. I argue that, deployed intentionally, TU
strategies point to a new way of engaging with contingency in planning, offering a kind of, ‘engine of
complexity’ (Marshall 2012, p.191)
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While both LU and TU provide precedents regarding how various urban approaches do in fact employ
aspects of complexity ‘on the ground’, [ note that these approaches are only weakly theorized through
the lens of Complexity Theory.

Fourth: via inductive logic, generate a hypothesis for viewing morphological traits as enabling CAS
dynamics: Following from the consideration of TU and LU approaches as material precedents for
leveraging CAS processes, I then use inductive methods to consider what sorts of qualities the
physical environment needs to embody in order for complex dynamics to be supported. Chapter Five
‘Considering how morphological traits of urban fabric create affordances for Complex Adaptation and
Emergence’, (Progress and Human Geography 2016) defines with greater specificity how one might
identify and quantify the kinds of morphological characteristics of space that are germane to CAS
processes.

The chapter provides a broad overview of why the qualities and traits of morphological space might
matter insofar as CAS dynamics are concerned. It makes the case that while EEG considers many
political, social, and economic aspects of why certain kinds of firms tend to cluster - leading to
‘emergent’ districts - there is little theorizing on the role that morphological qualities of space play
in steering these dynamics. It argues that this is a missing dimension in EEG's analysis of CAS - one
pertaining to physical traits - and begins to conceptualize what kinds of traits matter.

Part IV of this chapter, under the heading ‘Urban Features that support the support the exploration of
spatial trajectories’, suggests the kinds of traits required for physical setting to perform in a manner
analogous to Complex Systems. It carefully examines the following specific aspects of the urban
environment, to show how these relate to requisite dynamics within Complex Systems:

Spatial cells as agents;

Minimum functional size, parallel iterations, multiple functional states;
Signals, stigmergy and information,;

Aggregations and emergence.

Again, this examination draws explicitly from the procedural formality of CAS as understood in the
sciences. Here, the correct unit of analysis within urban systems is deemed to be the most ubiquitous
‘chunk’ of urban fabric (what I refer to as the ‘urban cell’), which is then analysed to determine the
number of ‘states’ it can easily manifest as. The article suggests that instead of aiming to design
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‘optimized’ urban entities, there may be benefits in designing environments such that the urban fabric
might easily be appropriated in multiple ways — manifesting in different 'states’.

These differing states are conceptualized with reference to Gibson's (1986) theory of ‘affordances’.
The notion of affordance suggests that an artefact can be designed in a manner that invites it to be
appropriated in multiple ways. This then implies a specific way of engaging urban design where,
instead of seeking single, optimum solutions, design would involve creating material conditions that
have the capacity to respond to unknowable site forces - urban affordances instead of urban designs
that can unfold in multiple potential trajectories, or positions in phase space.

[ carefully examine this concept of 'Phase Space’, which follows from work advanced by Martin Jones
(2009). Jones argues that different kinds of contexts can either expand or limit the capacities of phase
space. This perspective resonates strongly with Gibson's ‘space of affordance’, where material objects
caninasense 'enable’ different kinds of appropriations. I take further cues from DelLanda (2005),
who observes that different entities have different kinds of capacities (which remain virtual until they
are activated), but nonetheless remain part of an entity even if never manifested. Dittmer (2014),
following DelLanda, speaks about the particular significance of material capacities and how these
might help structure "possibility spaces’. As material entities enter into specific kinds of relationships
with other entities (as assemblages) their particular capacities are (contingently) actualized. This
section explicitly codifies what we mean by 'increasing the phase space of possibilities’, where the total
number of cells and the total number of states, begin to map out the potential degrees of freedom or
the ‘phase space’ of the system (Frenken et al., 1999).

Next, I consider how searching this space of possibilities for optimum configurations is more optimally
achieved in systems that employ a large number of agents and the presence of information signals
that help steer system trajectories. I discuss the importance of parallel search, and also the critical
need for stigmergic signals (information tags made tangible within the shared environment of
agents), to steer the system (Heylighen, 2011b). Over time, feedback from multiple search in tandem
with stigmergic signals begins to limit the degrees of freedom within any given context - such that
emergent patterns manifest and are ‘enslaved’ (see also Haken & Portugali, 2003).

The chapter also touches upon issues surrounding agency. Clearly, typical urban artefacts are
incapable of directly 'sensing’ the environmental signals necessary to steer evolution and are equally
incapable of autonomously changing their state. I thus discuss the imbricated role of human agents,
who form part of the system, but whose actions are also constrained and directed by the material
properties of the physical environment. Here, I argue that material agency is ‘entangled’ and
‘imbricated’ with human agency (Pickering, 1993; Schatzki, 2005).

Fifth: develop a conceptual Framework for relating Urban morphological traits to CAS dynamics: The
central hypothesis of Chapter Five is that the physical traits of form are not neutral, but instead have
specific performative capacities that enable complex processes to unfold. Chapter Six, ‘From Form to
Process: Re-conceptualizing Lynch in Light of Complexity Theory’ (Urban Design International, 2017),
takes the theoretical principles outlined in Chapter Five, and tries to make these more tangible. To
this end, Chapter Six introduces a practical framework for discussing how CAS processes might be
categorized and identified, providing tools for analysing and conceptualizing urban formal dynamics.
Thus, while Chapter Five outlines key dynamics, Chapter Six makes these dynamics more clearly
analogous and intuitive with regards to urban design.

To achieve this end, the widely accepted urban categories defined by Kevin Lynch - Edges, Paths,
Districts, Landmarks, and Nodes - while normally used to think about urban objects, are here
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appropriated to discuss various critical CAS processes. This co-opting of Lynch is purely pragmatic.
Re-purposing an existing framework avoids the confusion created by an over-proliferation of ‘'models’
that constantly introduce new terms or categories into the design and planning discourse. Lynch'’s
framework is already familiar and intuitive to all and can, therefore, serve as a useful bridge for
engaging concepts that are entirely unfamiliar [Figure 1.6]. The use of Lynch’s terms is intended to
make the engagement with complexity more accessible to practitioners - something that has been
made difficult by the sense that CAS perspectives reside within the specialized confines of computer
modellers* or urban geographers.”

CONCEPTUAL
BRIDGE

(Kevin Lynch’s
Classification System)

FIGURE 1.6 Translating CAS for Practitioners

Sixth: test /corroborate conceptual framework: The efficacy of the Lynchian framework is put to the
test as an analytical tool in Chapter Seven. Simultaneously, the framework’s usefulness is corroborated
with reference to theorizing developed within the field of Evolutionary Economic Geography. Chapter
Seven, 'The Grand Bazaar in Istanbul: The Emergent Unfolding of a Complex Adaptive System’
(International Journal of Islamic Architecture, 2015), provides a test case for the efficacy of the
conceptual framework. The article examines the Grand Bazaar, hypothesizing that the emergence of
specific trade areas within that district can be viewed as an example of CAS dynamics at play in the
urban realm.

In order to situate this analysis, I turn to Evolutionary Economic Geography (EEG). EEG researchers,
like many other geographers, attempt to draw insights by looking to Complexity Theory. However,
unlike most geographers, their work is heavily informed by what occurs in real time in on the ground
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This assertion is based upon experience in practice, but a quick corroboration is found by looking at two key Urban Design journals -
the Journal of Urban Design and Urban Design International. Mike Batty's seminal work on computational modelling is not included
in either of these publications, and the work is barely cited., A search for the key phrase ‘computational geography’ yields only three

articles in both ] of UD and UDI; similarly, the phrase ‘computational modelling’ yields only six results in ] of UD and a slightly better
eightin UDL

The highly conceptual and theoretical nature of complexity research in Urban Geography renders this discourse largely inaccessible
to the vast majority of urban design practitioners. By contrast, it is partially due to New Urbanism’ ‘accessible’ nature that it has
been so widely embraced by the same audience.
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specific cases. Having introduced the work of EEG in Chapter Five, it is now re-introduced and
employed as a reference/corroboration tool in Chapter Seven.

EEG scholars endeavour to examine the fundamental nature of CAS dynamics, where they appropriate
an understanding of fundamental CAS dynamics from that source domain to help understand the
dynamics of emergent economic clusters (their target domain). This line of analogic thinking uses
CAS principles to unpack the bottom-up mechanisms that facilitate the agglomeration and clustering
of similar kinds of firms into particular regions (Silicon Valley, for example). Their research also

draws heavily from General Darwinism - considering this framework to be useful in understanding a
broad range of evolutionary and emergent dynamics - which go far beyond those found in biological
domains (Beinhocker, 2011; Hodgson and Knudsen, 2006).

EEG draws analogies by considering the notion of ‘the firm’ as analogous with ‘the agent’ in CAS. Here,
flows between firms - manifested as flows of personnel or goods - behave as mechanisms that support
information transfer. EEG goes on to demonstrate how combinations of different kinds of knowledge
transfers (local buzz and global pipelines), need to be in place in order for the successful emergence

of productive business clusters to occur (Bathelt et al., 2004a). In this way, EEG works to ‘decode’ CAS
phenomena and make them tangible and specific when speaking about emergent economic activities
- employing a rigorous analogic appropriation of CAS dynamics to understand the corresponding
cultural and economic dynamics that facilitate instances of economic clustering.

The analysis of the Grand Bazaar attempts to expand upon EEG research by incorporating a more
explicit material dimension to the kinds of processes that EEG examines. That is to say, while EEG
attunes to the economic, cultural, and political processes that steer the evolution of economic
activities unfolding within space, the physical structure of space itself typically remains outside of
the scope of their discussion. Here, the role urban form might play as an enabler - or alternatively as
an inhibitor - of CAS dynamics remains unexplored within this literature. Chapter Seven, therefore,
examines how ‘material artefacts’ that make up the urban fabric, might ‘restrict, constrain, contain
and connect the mobility of relational things’ (Jones, 2009: 496) By doing so, it responds in part to
comments by EEG theorists Martin and Sunley, who note that:

The role that spatiality plays in underpinning complex adaptive behaviour is poorly understood. While
many of the leading accounts of complexity and complexity economics discuss system movements in
‘state-spaces’ and their adaptive walks on ‘fitness landscapes’, they say little about geographic space
and its relation to the adaptive behaviour of individuals and businesses. (Martin and Sunley, 2007:
584-5)

Notwithstanding this limitation, EEG research does demonstrate how one can consider the dynamic
functional unfolding of an urban environment in a manner that is analogous to that which occurs
ina complex system. It thus offers an important departure point for my investigation - a kind of
‘barometer’ (or benchmark) with which to compare and corroborate my thesis. Here, I follow up upon
the comparisons made in Chapter Six, where I attempt to formulate such questions as: what does an
‘agent’ mean in an urban environment; what form does ‘energy’ take in such contexts;> what do we
mean by 'information’ and how is information, stored, relayed, and acted upon within the context of
an urban setting?

The term ‘energy’ is used here to describe whatever relevant parameter controls the number of potential system states. This corre-
sponds with the 'x" axis on a bifurcation diagram (see also Reed & Harvey, 1992 for more on the role of energy input in CAS).
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B
C
D
E
Cells:
Paths
Hubs
(Landmaks and
Nodes)
Edges [1]
Districts

To answer these questions, the article analyses the bazaar's material characteristics by employing

the Lynchian framework to consider various physical traits of the urban environment including: scale
(urban grain); information (urban edge); flows (urban paths); and the presence of global and local
hubs (landmarks and nodes). It then considers how these urban components, acting in tandem,
enable complex processes to be manifested such that emergent retail clusters (districts) appear in the
absence of top-down control. The paper argues that:

The presence of multiple, fine grained shops (urban cells) establishes the requisite variety for

transformation and exploration;

The redundancy of street networks (paths) supports highly flexible channelling of flows;

The presence of particular urban junctures (hubs) - both local nodes and global landmarks- facilitates
information transfer, the maintenance of stable routines, and the testing of novel synergies;

The clarity, visibility, and redundancy of street transactions (urban edges), supports information

transfer; and

Taken together, the dynamicinterplay of these urban components allows for the emergence of
functional, emergent districts of distinct market goods.

MODIFIED LYNCHIAN URBAN FRAMEWORK
Physical Features Functional Role in CAS Ecosystem Examples

Typical Grain of Urban Fabric
(shops/homes/etc.).

Parallel agents working to maximize
resource use.

Species (birds, insects, fish).

Street Networks

Network links facilitating flows of re-
sources, information and energy entering
the system and connecting agents across
space.

Channels of energy sources flowing
through an environment (streams, sun-
paths, soil nutrients, foraging trails).

Gathering places (public plazas, church-
es, schools, squares, etc.).

Juntions within networks where resource
flows converge and concentrate. Occurs
at both global and local scales. Sites of
least energetci resistance.

Congregation sites where flows converge
(nests, ant hills, dens, etc.). Areas with
high densities of resources - food/fuel
source sites (ponds, nutrient pools, fruit-
ing plants, etc.). Basins of attraction.

Urban surfaces, public/private inter-
faces (streetfront displays, hard or soft
surfaces).

Tags signifying agent competencies,
steering resources towards agents that
can best process them. Broadcasts
successful and unsuccessful agent
strategies.

Signals broadcasting information to other
species (pheremone trails, bird calls,
plumage displays, etc.).

Complimentary use zones or clustered
use areas (antique districts, gallery
precincts, etc.).

Aggregations of co-evolved agents that
efficiently circulate resources

Patches of species inhabiting a parciular
niche (schools of fish, flocks of birds).

TABLE 1.2 Adopting a Lynchian tool-kit for analysing CAS processes.

Note [1]: Lynch originally used the term ‘edge’ to refer to district boundaries, rather than building surfaces
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Seventh: speculate on future implications given emerging technologies: Chapters Eight and Nine of
the dissertation begins to speculate about future research directions, showing how a CAS informed
ontology for thinking about urbanism can be employed in a variety of novel ways. Here, I focus upon
urban processes that are steered or enhanced by means of virtual interfaces: apps or sensors that
support the spread of meaningful signals within the urban evolutionary context.

Chapter Eight, ‘Conceptualizing urban infrastructures as 'smart’, decomposable, and information-
processing agents’, discusses how urban artefacts can be designed as computational devices that
have the capacity to ‘evolve’ in real time, in situ, in response to information feedback that they receive
from the physical environment they are situated within. This research was developed in tandem with
students who attended a Graduate Seminar course on Complexity (which I have taught for three years
in the College of Design at Iowa State University). A series of student projects illustrate how urban
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artefacts can be re-conceptualized as evolving agents through embracing a CAS perspective to urban
phenomena.

This research involves: identifying the nature of urban agents involved; the nature of flows or
information signalling; the parameter (or energy) that ‘drives’ the solution state; how the ‘space

of possibilities’ is gradually constrained in accordance with feedback; and how a particular state
ultimately emerges. In each case, the design of the physical environment is mediated through digital
tools that help carry 'signals’ orinformation about how the urban situation might evolve. Thisis an
extension of the notion of stigmergy introduced earlier in the dissertation (see also Heylighen, 2015),
where I note that CAS require ways in which agents can transfer information to one another to help
constrain and direct evolutionary behaviour, and that this information can be stored in a common
medium shared by all agents.

The article argues that the student’s speculative projects demonstrate how the dynamics that
normally are associated with computer simulations using agent based or cellular automata rules,
caninstead be transposed into physical settings. Here, material artefacts are conceptualized as
distributed ‘information processors’, that process inputs coming from their environment, and respond
by shifting their augmented performative capacities so as to yield emergent, global urban outcomes.
The principles of these dynamics echo those discussed in the Grand Bazaar, but here the dynamics

are enriched or 'augmented’ by means of ‘'smart’ capacities that increase the fluidity and fidelity of
information transfer between both the system agents and the environment they reside within.

Chapter Nine, ‘Sensing the City: Legibility in the context of mediated spatial terrains’ (Space and
Culture, accepted subject to minor revisions) discusses future research directions where dynamics
occurring in virtual space might mediate the way urban experiences unfold in physical space. Here, I
reflect upon how the growing ubiquity of mobile phones and apps, and their capacity to support and
spread information about the urban environment through the signals they help propagate, allowing
for new kinds of planning and interventions strategies. Given that information is key to enabling
Complex Systems to evolve, the ubiquity of information transfer made possible via web interfaces
can be employed to help steer physical systems. Thus, while the built environment can at times store
and transfer information (through ‘signals’ like storefront windows that reveal product lines), digital
interfaces can amplify and propagate these signals with greater ease, allowing strong patterns to
emerge.

This article once again reflects upon Lynch, by considering how traditional forms of urban ‘legibility’
are being challenged by virtual signals that create new kinds of virtual markers - even if these are not
tangible through the traditional senses. Signals can come to be amplified in ways that create new
kinds of order by means of bottom-up user-specified criteria for navigating the ‘space of possibility’ of
the city.

This Ph.D. primarily investigates how particular morphological traits of urban form may be analysed
through a CAS lens, and to consider how these forms might enable, or ‘create affordances’ for CAS
dynamics to unfold. At the same time, the research develops a set of analytical tools that can be used
to 'unpack’ various urban morphological conditions through the lens of CAS.

Complex Adaptive Systems & Urban Morphogenesis



45

Whether or not this lens provides an accurate insight into the actual dynamics in play remains
somewhat speculative. I have set up a form of analysis, and then I have endeavoured to find "proof’ (in
various case studies) of the dynamics I believe to be in play. This search is therefore not neutral, and
there remains the possibility thatI am reading into situations the dynamics that I wish to find. In order
to mitigate this risk as much as possible, I have attempted to corroborate the findings by showing how
the features that are highlighted within this investigation echo those that EEG researchers trace and
would also seem to closely parallel the kinds of dynamics we see in complex systems. Further, in the
‘Future Directions’ portion of the work, I demonstrate how the reading of emergent urban phenomena
as a kind of information processing system can be used as a problem-solving mechanism with which
to re-frame a host of urban issues.

Afurther limitation pertains to what kinds of ‘results’ we see from self-organizing systems. I have

not endeavoured to critique the values associated with outcomes of this approach in addressing
urban situations. While a bottom-up emergent perspective may provide a new way of engaging urban
problems, this is not to say that this will always be the best way, nor that the emergent solutions would
necessarily be better than those derived by other means. Indeed, one might argue that emergent
systems may result in an exacerbation of parochial behaviours - where ‘niches of interest - develop
that stifle exchange and civility. While [ believe that providing a CAS perspective to problem-solving
can be a useful alternative to other methods, I do not make claims that this is the only method nor, in
all situations, the preferred method. However, I do state that the outcomes of CAS processes would
seem to hold promise by offering certain features that could be deemed beneficial - resiliency in the
face of perturbation being a key example.

Given the breadth of Urban Design as a research domain, the research is necessarily limited by the
fact that it is impossible within the scope of a Ph.D. to create, from scratch, a physical test case of a
complex adaptive emergent urban environment in a real-world setting. Complex systems, by their very
nature, take time to evolve, and both the scale and the time frame involved in urban unfolding goes
well beyond the framework that Ph.D. research might hope to engage. In the absence of a true control
sample, the factors being considered are necessarily muddied.

In response to these limitations, I have employed three tactics: The first is to examine Case Studies
that I believe exemplify the kinds of morphological unfolding that I wish to engage. These examples,
including that of Tactical Urbanism and Landscape Urbanist strategies, are used to demonstrate
that non-deterministic planning strategies are possible. I then unpack how these examples can be
theorized from a CAS perspective. Secondly, I look at real world examples of urban environments
that have emerged over time, most specifically the Grand Bazaar in Istanbul, and evaluate whether
or not the CAS analytical framework that I develop can be used to analyse such urban cases that have
exhibited self-organizing and emergent phenomena. Finally, I provide a series of speculative design
propositions - both those that I have generated in competition entries and others that have been
conceived by my graduate students. These provide further cases of how a CAS perspective might
meaningfully be employed in the design of built environments. By using these three tactics in tandem
I'seek to build an argument that taking a CAS perspective to analyse the material condition of the
urban environment is possible, and that the framework that I provide to enable this approach is both
useful and productive.

Primarily my aim is to provide a new lens that permits new issues to come to the surface when
examining or conceptualizing an urban situation. This lens can be added to other frameworks
of analysis that remain productive. Moving forward, I hope to have some of the more promising
speculative designs tested on the ground.
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The Dissertation is divided into five major sections, (including this introduction), and one Coda. Each
section opens with a brief introduction.

Part One: Introduction

Chapter One, the Introduction, establishes the research context, defines the key research questions,
and outlines the main research tasks. It then provides an overview of how the dissertation is
structured, and how each component of the research contributes to addressing the key research tasks.

PartTwo: Context - Overview of CAS principles and Urban Precedents
These three articles form part of the background research, in which I undertake a literature review and
also look to precedents of urban design and planning that can be considered as examples of CAS.

Chapter Two in this section, Research in Urbanism and Planning drawing from Complex Adaptive
Systems theory: Divergent definitions, concepts, methodologies, and trends, is the literature review that
outlines the history of CAS theory, key contributions and various streams of urban thinking that draw
from CAS.

Chapters Three and Four, Situating Complexity in Contemporary Landscape Practice, and Tactical
Urbanism as a means of testing relational processes in space: A Complex Systems Perspective,

outline different approaches to engaging CAS within the urban fabric. These chapters argue that two
approaches to urban design - tactical interventions and landscape urbanism, do in fact work in ways
that resonate with CAS, but that they do so in ways that are weakly theorized with regards to CAS.

Part Three: Hypothesis - The Urban Environment as Phase Space

This section presents the broad hypothesis that forms the core of the argument: that the characteristics
of urban form are important in terms of how complex forces come to be anchored and situated in place:
and that without the existence of particular kinds of urban form, certain productive urban processes
may fail to become ‘'moored’ even if other social, economic, and political factors are in place.

Chapter Five in this section, Considering how morphological traits of urban fabric create affordances
for Complex Adaptation and Emergence, discusses how physical characteristics of the urban setting
can have the capacity to either enhance or diminish its 'adaptive capacity’. Here I lean strongly on
Martin Jones' (Jones, 2009) conceptualization of ‘Phase Space’, as the 'space of possibilities’ wherein
something can occur - and how this space can be expanded (or not). I attempt to outline a more
explicitly physical component to this phase space, which Jones discusses in other terms (social,
economic, etc.). The chapter draws strongly from concepts developed within Evolutionary Economic
Geography but, again, adds a more explicit spatial dimension or materiality to the discussion. I argue
that the relevance of urban form has been under-theorized within the larger geographic discourse, and
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further argue that morphological processes can be discussed in a way that makes them analogous to
CAS processes.

Chapter Six of this section, From Form to Process: Re-conceptualizing Lynch in Light of Complexity
Theory, operationalizes this perspective, by providing a more explicit and concrete framework with
which to discuss the varying processes that occurin complex systems, and how these might be framed
in terms of morphology.

Chapter Seven of this section, The Grand Bazaar in Istanbul: The Emergent Unfolding of a Complex
Adaptive System, is effectively a ‘case study’ that tests some the principles of Chapter Five, using the
analytical methodology outlined in Chapter Six. It considers how the Grand Bazaar in Istanbul might
be ‘read’ as an example of a complex adaptive system — where clusters of use emerge over the course
of time in response to bottom-up emergent processes. Using the framework provided in Chapter Six,
it outlines how physical characteristics of the Bazaar contribute to its capacity to exhibit emergent
qualities. The article is based upon site analysis and interviews at the Bazaar, but also leans heavily
upon concepts developed in EEG to frame the analysis of the dynamics at play from a CAS perspective
(while expanding upon these with a more explicit material component).

Part Four: ‘Augmented Morphology’ - how information technologies allow us to re-read the city

The two articles in this section together discuss how the key features of materialized CAS processes
might be further operationalized in a world where the physical ‘stuff’ of the urban fabric is augmented
through digital capacities. Information is a core part of what makes a complex system unfold, and new
informational capacities may take us beyond the standard morphological conditions that we are able
to ‘read’, to enable augmented ‘readings’ that allow for new kinds of urban unfolding. This section,
while speculative, is predicated upon the same principles outlined earlier- albeit with this augmented
capacity for information transfer.

Chapter Eight of this section, Conceptualizing urban infrastructures as ‘smart’, decomposable, and
information-processing agents, considers how the co-mingling of digital interfaces (apps and sensors)
within 'smart’ artefacts can augment evolutionary morphological processes.

Chapter Nine, Sensing the City: Legibility in the context of mediated spatial terrains, considers how
the smartphone now acts as a sensory mediator of the urban environment, enabling new forms of
information and evolutionary processes to unfold through a co-mingling of virtual and physical spaces.

Part Five: Conclusion

Chapter Ten of this section provides the Conclusion of the Ph.D. with closing remarks and a research
summary. The section includes commentary on the relevance of the research outcomes as well as
directions for future work.
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Part Six: Coda

The Coda, while pertaining to the core research of this dissertation, does so in a rather lateral and
diffuse manner. The decision to include this article reflects my sense of its importance as part of my
general research interests undertaken over the past number of years. The reader interested in engaging
only with the central argument of the dissertation is, of course, encouraged to read the chapter, but its
omission does not negatively bear upon the integrity of the overall thesis.

Chapter Eleven, The Turkish Tea Garden: Exploring A Third Space with Cultural Resonances, provides
an analysis of an urban node in Turkish public space. It discusses the importance of a particular,
physically situated and specific urban 'hub’ where complex forces can intermingle.

Atotal of eight articles form the core body of this work. Each article forms a distinct component of
research in and of itself, but together the manuscripts comprise a series of steps of the discussion that
thicken into the overall subject of the Ph.D.

In reading the articles the reader is asked to bear in mind that there are certain redundancies between
them, particularly when it comes to describing Complex Adaptive Systems. The articles have been
submitted to different journals, the writing styles of which vary from the more technical to the more
philosophical. Despite this stylistic variation, the submissions nonetheless thread together to form

a cohesive whole. All were submitted as ‘stand-alone’ manuscripts, and therefore there is some
repetition in content as one moves through the articles as compiled here. The journals where the
articles appear often do not specialize in CAS perspectives, so in many cases the articles begin with a
general overview of CAS, creating a good deal of overlap when the articles are read as a sequence.

Furthermore, this dissertation was prepared as a 'Ph.D. by publication'. As such, the links between
publications were permitted to be somewhat 'looser' than in a typical thesis. The guidelines for a Ph.D.
by publication provide more latitude for incorporating articles that are somewhat peripheral to the
main discussion (while remaining, nonetheless, tied to the overall theme). Accordingly, Part Four of
the dissertation, as well as the final Coda, are not as central to the discussion as Parts Two and Three.

Despite this, the articles do build upon one another in a sequence that moves from a broad overview
(providing a literature review), to identifying case-study precedents for the research (the two articles
that look at urban design strategies - tactical approaches and Landscape Urban approaches), to

the specific - identifying the importance of urban morphological traits and then specifying the
characteristics of these traits using a classification system that is already available and intuitive for
design practitioners.

In order to orient the reader to the links between articles, each of the major parts of the manuscript
begins with an introduction to the articles. These bridges are intended to provide a road-map to the
logic of the PhD, but are not written as scholarly articles themselves. Accordingly, the reader should
bearin mind that citations supporting the argument are not included in these introductory remarks,
but are instead found in the chapter articles themselves.
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rarT2  Context: Overview of CAS Principles
and Urban Precedents

Introduction to Part 2

The three articles that follow set the context for this research. In them, I suggest that our way of
thinking about CAS processes unfolding on the ground is currently under-theorized. I then go on to
show examples of urban projects that nonetheless can be seen as informing a physically situated
approach to CAS dynamics.

The first article serves to provide an overall literature review for the Ph.D. and is significant for two
reasons. First, it provides a compilation of over-arching CAS principles that are relevant to the field
as a whole. Second, it positions the specific morphological nature of this research within the broader
scope of CAS research occurring within urbanism and planning. The next two articles provide some
precedents for thinking about unfolding urban morphology. They also attune more closely to how the
research within the dissertation is distinct from other urban studies informed by CAS.

Currently, there are no consistent ‘general’ principles of CAS that guide research. Accordingly, there
is a high degree of confusion surrounding the nature of CAS research - is it primarily about power-
laws, or bottom-up agents, or rules, or historic path dependence? This ambiguity results in various
research streams involving CAS unfolding independently from one another, with little awareness of
both overlaps, and conceptual differences. Accordingly, when groups of researchers come together
to discuss ideas, they often find that while the source material (CAS) is the same, the way this source
material has been developed and conceptualized is completely at odds.

That said, researchers across disciplines have generated lists of CAS principles, with many conceptual
overlaps between lists. The first paper in this section examines these lists in an attempt to distill the
most significant (and generally agreed upon) characteristics of complex systems. In choosing which
lists to rely upon, I select only from those sources that have been highly cited. Of the eleven sources
used, each has (at time of printing), been cited at least of 357 times (Gell-Mann, 1994) and uptoa
maximum of 4979 times (Holland, 1995). Distilling the cross-overs between these eleven sources
provides a kind of conceptual road-map or ‘cartography’ of the field of CAS, with the hope that this can
enrich cross-disciplinary dialogue. The distilled characteristics suggest CAS to be:

— Adaptive and evolutionary

— Described by scale free/nested mathematical hierarchies
— Organized through flows and interactions.

— Subject to non-linear and historical processes

— Characterized by self-organizing & emergent behaviours
— Comprised of a diversity of agents

The second part of this article then examines how urban research specifically locates itself within this
cartography - highlighting the regions which are currently being deeply explored (such as the notion of
organized flows) and noting regions where less research is underway. Here, I call attention to the work
of what I call ‘Incremental Urbanists’: those interested in how urban morphological characteristics

can be designed such that they are pre-disposed to changing over time in response to feedback. I posit
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that, while this urban discourse is being somewhat examined, it still occupies a region that remains
largely under-theorized.

While this chapter has not yet been published, the contents inform the overall structure of a website
thatis currently under construction. The website goes into further depth regarding each of the CAS
definitions (with associated topics of inquiry) as well as the various research streams and how they
draw from the six CAS attributes. A series of diagrams in this chapter (Figure 2.4; a - h) are screenshots
from the website which, in the web version, are interactive. The interested reader is encouraged

to visit the site (although it is currently operating under a temporary domain name and won't be
completed until sometime in 2019 - see: cas.seanwittmeyer.com)

The second and third articles in this section take as their departure point the notion that there is a

lack of situated and physical work drawing the world of CAS into the urbanism discourse. From the
various research streams discussed, few locate their inquiry within the physicality of the urban and
how physical qualities of urban space, in and of themselves, might leverage complex processes. This is
discussed in greater depth in the third article of this section, but the takeaway from the review is that,
while a number of urban research streams engage CAS, few explicitly examine how one might translate
CAS dynamics into the urban design realm.

Accordingly, the second article highlights work underway within the domain of Landscape Urbanism
(LU). LU theory does, in fact, share a clear ontological perspective with CAS - one that privileges
processes, not objects, and embraces both uncertainty and the setting into motion of potentiality.

In addition, LU projects are interested in how physical form might be curated such that itis "pre-
disposed’ to change over time. Furthermore, unlike the majority of the CAS/urbanism research, LU
practitioners share the interest I have with the conditions whereby urban morphological unfolding
occurs 'on the ground". As such, the work forms a relevant precedent which informs the Ph.D. research.

In order to bridge between the first and the second article, the key defining principles of CAS outlined
in the first article are reintroduced in the second. These are shown to hold close parallels with
principles highlighted from within the Landscape Urbanism theoretical discourse. Taking as reference
a survey of seminal Landscape Urbanism texts, I highlight the stated principles of the discourse that
most closely echo the CAS principles derived in the previous article. This yields the following list of
parallels that highlight the resonances between CAS and LU principles:

Adaptive and evolutionary | Create catalyzing environments that adapt to unknown futures;
Described by scale-free/nested mathematical hierarchies | Develop overlapping, interacting,
organizational hierarchies;

Organized through flows and interactions | Leverage infrastructure and flows;

Subject to non-linear and historical processes | Allow for non-linear, open-ended, and contingent
transformations over time;

Characterized by self-organizing & emergent behaviours | Foster process-driven, emergent outcomes;
Comprised of a diversity of agents | Activate bottom-up tactics and strategies to generate use.

Using these parallels as an analytical framework, I then consider a series of hallmark LU projects
through the lens of CAS. In selecting which projects to compare, I limit my choices to those that are
highly referenced, and further limit these to ones I have personally visited (in the case of built works).

The analysis of the projects suggests that, while LU theory echoes a CAS ontological stance within

its theoretical underpinnings and shares key terminology with CAS when describing the work,
the seminal projects are, in practice, limited in how they put into play the principles we would
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expect to see in a fully self-organizing physical environment. The adoption of CAS principles is

often largely metaphoricin nature, based upon a 'loose’ appropriation of terms rather than a more
rigorous understanding of CAS dynamics. As such, the discourse could benefit from a more detailed
understanding of how complex systems operate, in order to better graft this understanding into urban
design situations.

That said, LU provides a highly relevant precedent for considering CAS processes that unfold on

the ground in urban environments. The practitioners are clearly interested in creating physical
environments that are ‘primed’ so as to be amenable to future change in response to unfolding
conditions. LU accepts the relevance of taking an emergent approach to design and the kinds of
methods that LU adopt ‘on the ground’ serve toillustrate how designers might begin to create physical
environments that are primed to respond, over time, to evolutionary forces

The third article in this section turns to Tactical Urbanism (TU) as another example that can inform
how CAS processes might be engaged within the urban context. While TU does not explicitly identify
with CAS in any way (with some exceptions), it nonetheless provides a useful real-world example

of how urban form can evolve incrementally on the ground as a response to site forces that are only
loosely understood at the outset. The article begins by, once again, highlighting the difference between
an ‘on the ground’ approach to CAS unfolding, as compared to much of the current urban discourses
engaging CAS. I discuss three key discourses (again, drawing from the various research streams
identified in the first article) that relate the urban to CAS - computational geography, communicative
planning, and assemblage theory. I argue that each, while clearly considering the urban condition,
relate more to discourses regarding the urban, rather than the physical substance and activation of the
urban. The article moves on to examine an illustrative example, in this case a speculative competition
entry that I helped design. This project was conceived using the lens of CAS to inform the design
decision-making processes. The article discusses how elements of the project are conceived so as to
behave in manners that follow the dynamics of complex adaptive systems.

The three articles provide a backdrop to the core of the thesis which follows. Together, they:

Delineate what is being discussed when referring to a ‘complex adaptive system’;

Identify the scope of the existing urban discourse surrounding CAS;

Highlight the area within this urban discourse that the Ph.D. wishes to engage more deeply
(morphological unfolding);

Offer examples of precedents (both real and illustrative) that draw forth insights regarding how such
morphological unfolding might manifest.

Context: Overview of CAS Principles and Urban Precedents
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Research in Urbanism and Planning
drawing from Complex Adaptive
Systems theory: Divergent definitions,
concepts, methodologies, and trends.

Abstract

Concepts derived from Complex Adaptive Systems (CAS) theory are exerting a growing influence on
discussions surrounding urban geography and spatial planning (Boschma and Martin, 2010; Doak and
Karadimitriou, 2007; Innes and Booher, 1999). However, 'CAS theory’ while an overarching category,
encompasses a wide breadth of concepts - quickly fragmenting into a plethora of ideas, each of which
has its own relevant research agendas and methodologies. This paper aims to disambiguate these
approaches and their relationships with CAS. To do so, the paper offers an overview of how various
aspects of CAS have been appropriated within geography in general, and urban/spatial planning in
particular. The paper begins with an overview of CAS principles and key concepts. It then defines key
CAS features based upon a literature review of CAS definitions. Based on these features, the paper
demonstrates how themes within spatial planning often centre around a particular set of CAS features
while omitting others.

Key Words

The contents of this chapter are being developed into an interactive website, the draft of which can be
found at: http://cas.seanwittmeyer.com/ (temporary domain name).

When urban thinkers interested in CAS gather to discuss how complexity informs their research,

they often find they are engaged in highly divergent areas of inquiry. These may pull conceptual
threads from sources as diverse as biology, physics, mathematics, or philosophy, with concepts
ranging from ideas concerning emergence, bottom-up versus top-down decision-making, network
dynamics, relational flows, power-law distributions, and more. Though those applying CAS principles
to urban topics do not necessarily limit themselves to considering only one aspect of CAS in their
research, there does appear to be a tendency to centre upon particular traits and - depending upon
this departure point - foreground certain issues while marginalizing others. Though common CAS
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terminology across discourses might imply similar research agendas, the importance granted each
term - and the concepts for which they stand - can vary significantly. This paper seeks to disambiguate
approaches towards CAS thinking, providing an overview of how CAS traits have been appropriated
within the spatial disciplines in disparate ways.

Part One introduces CAS, outlining its history and relevance for urban research while providing

an overview of key principles and concepts. Part Two surveys various CAS definitions, proposing a
synthesis of these that captures recurring CAS traits, and outlining how these traits form thematic
clusters that situate modes of inquiry. Part Three considers how different streams of urban research
engage these clusters themes, further mapping these relationships. I conclude with reflections on
observations drawn from this cartography, discussing implications for further research.

Complex Adaptive Systems theory provides a means to understand, conceptualize, and analyse how
bottom-up relationships can generate meaningful overarching structures. It provides tools with

which to understand patterns that are generated by processes, where control of these processes is
distributed amongst many actors or agents. It embraces an ontology predicated upon contingent

and indeterminate processes and relationships, shifting our basic concepts of reality away from the
concrete, object-oriented, and causal chains of thinking that, until recently, have dominated scientific
discourse (Capra, 1997).

CAS are composed of interacting parts that adapt and change according to information and feedback
mechanisms. These systems consist of an array of independent agents (nodes) interacting via
connections (links) that allow them to process resources (in forms like that of energy, matter, or
information), flowing amongst them (Holland, 1995, page 23). Interactions between agents act as
signals that help generate emergent structures: ones that cannot be predicted a priori.

The study of CAS has emerged as a growing area of inquiry, spearheaded in part by research at the
Santa Fe Institute (Holland, 1995; Kauffman, 1996, Waldrop, 1992). This work has spurred growing
cross-disciplinary dialogue, as those from other disciplines harness CAS principles to address an array
of systems - be they economic, political, or cultural. Urbanism is no exception, with CAS principles now
informing spatial studies within a variety of discourses (see for example Batty, 2007; Healey, 2007;
Portugali, Meyer, Stolk, & Tan, 2012; Urry, 2003). However, a long history of urban engagement with
complexity pre-dates CAS as understood today. Jane Jacobs was amongst the first to identify cities as
complex systems (1961). In her observations of urban settings, she adopts Warren Weaver's 1958
description of ‘organized complexity’ noting that cities, while complex, are neither ‘accidental nor
irrational’. That said, Jacob's conceptualization of complexity was primarily based upon research in the
nascent fields of cybernetics and general systems theory.

Cybernetics” studied systems governed primarily by negative feedback, where systems ‘correct’
themselves in response to fluctuations so as to maintain an optimum operating regime. Cybernetics
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Aterm coined by Norbert Wiener in 1948. Significant cybernetic researchers include Warren Weaver, Gregory Bateson, Gordon Pask,
and Ross Ashby
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concerned itself with how such systems self-regulate, with its insights therefore relevant for any
system seeking to optimize performance in the absence of an external regulator (Francois, 1999;
Wiener, 1948). Urban environments are one such system, comprised of parts together forming an
environment that subsequently - in a recursive loop - regulates and alters the parts within. As such, a
natural offshoot of cybernetic thought was conceptualizing ways in which healthy urban environments
might be stabilized through cybernetic mechanisms (McLoughlin & Webster, 1970).

Systems theory, in turn, advanced the understanding of how interactions, as opposed to parts,

might govern system dynamics. Here, the focus was primarily upon closed systems that might, in
principle, be optimized. Ludwig von Bertalanffy recognized that systems science required a deeper
understanding of systems that were also open to energetic exchanges between the system and its
surrounding environment (von bertalanffy, 1968). In such cases system dynamics are primarily
internal and bounded, but are nonetheless dissipative - capable of exchanging inputs, energy,
matter, and information with their surroundings. Bertalanffy's interest in open systems was, however,
primarily concerned with how they could maintain homeostasis despite this openness (Keller, 2008).

General systems theory aimed to determine if overarching meta-system principles might be derived,
regardless of the specific system at play, or the nature of the parts. Urban Planners, influenced by this
research began to take a ‘systems view' of urban dynamics, whereby they analysed flows and stocks to
determine optima or 'equilibrium’ conditions (Forrester, 1969). Hence, by the early 1970s, a steady
stream of research considered cities as complex entities (see McLoughlin and Webster, 1970).

Early references to complex city dynamics drew primarily from these general systems and cybernetic
approaches. While there are clear relationships between these earlier antecedents and CAS, CAS differs
in significant ways. Cybernetics, while concerned with interactions, focuses upon systems subject

to negative feedback: ones self-regulating to maintain regimes of stable equilibrium (dampening
disruptions or ‘perturbations’). Systems theory focuses primarily upon closed systems where the role
of external energy inputs is not strongly theorized, and internal relationships (the nature of which are
assumed to be static) can be modelled (Manson, 2001).

CAS, by contrast, are open, non-linear, dissipative systems, with multiple, shifting equilibrium

and the ability to generate new order. Here, system inputs like heat, energy, food, etc., can traverse
dissipative boundaries and 'drive’ the system towards order: seemingly in violation of the second law
of thermodynamics (Heylighen, 1999; Prigogine, Stengers, 1984). As the intensity of such inputs
increases, critical values are reached whereupon the system can move into different, but equally
viable, potential states.

The ‘choice’ of these states is extremely sensitive, with small changes in initial conditions potentially
leading to large shifts in the system’s ultimate global behaviour. Further, as the amplitude of the
relevant control parameter increases, the number of system states multiplies - eventually arriving at a
‘chaotic’ regime wherein all potential states are accessible. The total range of potential system states
is equated with its ‘degrees of freedom’ or ‘phase space’ (Protevi, 2006).

Bifurcation diagrams and Reimann manifolds are used to help map the breadth and topology of this
phase space (Casti, 1979), while also illustrating how systems can move between multiple potential
states and shift suddenly at critical points. These threshold moments, dubbed ‘catastrophes’ by

René Thom, "bifurcations’ by Mitchell Feigenbaum, and popularized as 'tipping points’ by Malcolm
Gladwell, coincide with moments when a system has the capacity to move into alternative regimes of
newly available trajectories (such as in Benard experiments when water molecules form ‘roll” patterns
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at critical temperatures that can either flow left to right or right to left), or when system components
suddenly acquire new features (such as when water molecules turns to ice at a critical temperature).

In these last two examples, we note that the ‘system’ is made up of discrete elements - water
molecules - that nonetheless behave as a group. CAS systems are always comprised of such parallel
agents. To study their behaviours, we can conceptualize these as simple entities that come with
‘pre-set’ rules of behaviour, the activation of which is predicated upon interactions with surrounding
agents. Investigations into such ‘automata’, informed the research of early computer scientists,
including Von Neumann, Wolfram, Conway, and Epstein & Axtell. Simulations using Cellular
Automata (CA) or Agent Based Model (ABM) sought to discover if stable patterns of global agent
behaviours might emerge through interactions carried out over multiple iterations at the local level.
These experiments successfully demonstrated how order does emerge through simple agent rules.

CAS are thus described as 'bottom-up’, since higher levels of global order arise based upon simple
interactions at the lower local level. Once these novel global features have manifested they stabilize,
spurring a recursive loop that alters the environment within which the agents operate, and constrains
subsequent system evolution. Maturana and Varela’s notion of autopoiesis (see Luisi, 2003) as

well as Haken's (1993) concept of enslavement, outline these dynamics, whereby order emerges
stochastically but then stabilizes and self-maintains. Here, cybernetic thinking continues to leave its
mark on CAS, as feedback is critical in preserving emergent properties.

While demonstrating emergent dynamics, CA/ABM are somewhat limited in that rules are generally
static and established in advance. A richer exploration of agents in CAS examines the ways in which
bottom-up agents might independently evolve ‘rules’ in response to feedback. Here, agents test
various rules/schemas over the course of multiple iterations, assess their success through feedback,
and retain useful patterns that increase fitness. These agents, each independently exploring suitable
schema, actions, or rules, can be viewed as adopting general Darwinian processes to carry out ‘search’
algorithms (Holland, 2012). In order for this search to proceed in a viable manner, agents need to
possess what Ross Ashby dubs ‘requisite variety’: enough heterogeneity to test multiple protocols and
thereby increase the likelihood that fit rules or schemata will be discovered (Gell-Mann, 1994).

Discovering rules (or strategies) that increase global system fitness can be hastened by means

of information (Shannon & Weaver, 1964). This can be framed as 'the difference that makes a
difference’ by creating distinctions between multiple potential system states (see Bateson, 2002,
with reference to Shannon’s information theory). In some CAS, agents themselves supply this
information by generating signals or markers (stigmergy) that steer other agents’ behaviours
(Grassé, 1959; Theraulaz and Bonabeau, 1999). These signals direct agents towards regimes that
are more operational: corresponding with ‘peaks’ within a fitness landscape (Kauffman and Johnsen,
1991; Pigliucci, 2008; Solé et al., 1999). Here, 'fitness’ might range from finding a niche within
an ecosystem, to gravitating towards behavioural regimes that minimize frictions in a fluid (such
as occurs in the Benard rolls referenced earlier). Scientists have found that information is able to
propagate most effectively in systems poised at certain states (described as ‘the edge of chaos’)
wherein small system perturbations (disruptions) can trigger either small or large-scale cascading
effects that propagate throughout the system (Kauffman, 1993; Langton, 1990; Strogatz, 2004).
CAS have a tendency to move towards these states of ‘self-organized criticality’ where information
transferring capacities reach their maximum (Bak, 1988; Solé et al., 1999).

Further efficiencies are achieved when agents aggregate and partition into nested hierarchies

(Holland, 1995; Simon, 1962). The appearance of such hierarchies generally follows power-law
distributions (noted by Zipf and Pareto), with those specific to urban phenomena having been studied
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extensively by Bettencourt and West (2010). These topological regularities of CAS are intriguing, but
their significance is not limited to their beauty as patterns per se but rather to how these patterns serve
to channel information flows through optimizing distribution systems (though the fractals described
by Mandelbrot are visually striking).”

CAS areintriguing to urban planners and spatial practitioners for numerous reasons. First, they
demonstrate an ‘alive’ quality - being open to energy, learning and adaptation, and giving rise to novel
entities. This is relevant to those interested in creating convivial urban settings. Second, CAS ‘learn’
over time, meaning that more 'fit’ urban forms could evolve by channelling CAS dynamics. Third, CAS
respond adaptably to external ‘shocks’ or system perturbations. This suggests a capacity for urban
environments to be resilient in the face of change. Fourth, CAS are steered by bottom-up agents,
suggesting alternatives to the failures of top-down master planning. Finally, CAS speak about relations
rather than objects: a perspective strongly resonating with contemporary geography's interest in
relational dynamics (Urry, 2003).

While various researchers have sought to define ‘principle’ components of Complex Adaptive Systems,
these principles vary with no ‘authoritative’ definition in place. Surveying CAS, Philosopher Paul Cilliers
remarks, ‘the concept remains elusive at both the qualitative and quantitative levels’ (1998, page 2).
Francis Heylighen echoes this sentiment, stating:

Qualitative descriptions can be short and vague, such as ‘complexity is situated in between order and
disorder’. More commonly, authors trying to characterize complex systems just provide extensive lists or
tables of properties that complex systems have and that distinguish them from simple systems. These
include items such as: many components or agents, local interactions, non-linear dynamics, emergent
properties, self-organization, multiple feedback loops, multiple levels, adapting to its environment, etc.
The problem here of course is that the different lists partly overlap, partly differ, and that there is no
agreement on what should be included. (2007, page 4)

These disagreements result in considerable ambiguities in how concepts are discussed. Different
discourses engaging CAS often employ descriptors that, while intending to describe the same
features, are generally not agreed upon. Hence, terms including ‘manifold’, ‘phase space’, ‘space of
possibility’, and ‘the virtual’ all essentially refer to the same thing. Crucially, even principle terms
such as emergence and self-organization remain subject to debate.® The word ‘complexity’ itself is
often conflated with the word ‘complicated’.” Meanwhile, some researchers qualify CAS according
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The topological study of fractals, such as those found in growth patterns in plants can be seen as enabling nutrients to flow along
minimal pathways while covering a maximum area.

For an overview of types of emergence see Bonabeau (1995); for a critique of the conceptual novelty of emergence see Epstein
(1999); for considering Emergence within Philosophy of Science see Bedau and Humphreys (2008); For definitions of self-organi-
zation see Gershenson and Heylighen, (2003)

Complicated systems are not Complex if they are quantifiably reducible (Reitsma, 2002).
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to governing mechanisms, distinguishing between algorithmic, deterministic, and aggregate
complexity (Manson and Sullivan, 2006). Others use terminology in metaphoric ways - where any
choice becomes a ‘bifurcation’ point, regardless of whether or not this is a threshold associated with
a relevant control parameter. The ever-increasing array of terms and concepts makes it increasingly
difficult to gain insights across discourses.

The phrase ‘Complex Adaptive System’ itself has an ambiguous history. Sociologist Walter Buckley
(1967), informed by systems and cybernetic approaches, introduced the phrase to discuss aspects of
the personality. However, the use of the term 'adaptive’ is deceptive, as it was not intended to describe
the nature of the system itself, but rather act as a qualifier on its human element - a cognitive subject
possessing ‘adaptive capacity’. By contrast, as early as 1962 Herbert Simon described systems one
would now call CAS, but while he speaks both of ‘complex systems’ and their ‘adaptiveness’ he does
not employ the phrase nor offer a definition of what such systems would entail (Simon, 1962).

CAS as understood today can be traced back to the mid 1980s at the newly formed Santa Fe Institute.
In the summer of 1986, the institute announced a workshop on ‘Complex Adaptive Systems’
described as, ‘systems comprising large numbers of coupled elements the properties of which are
modifiable as a result of environmental interactions’ (Cowan and Feldman, 1986). Both Holland and
Gell-Mann adopt this usage by the mid 1980s, but no mention of its meaning seems to be circulated
until the early 1990s - at which point various definitions of CAS appear outlining its ‘principles’,
‘attributes’ or 'defining features’.

Of the definitions circulated since that time, I have chosen eleven highly cited references to compare,
including definitions offered by Anderson, (2008); Arthur et al., (1997); Cilliers, (1998); Dopfer et al.,
(2004); Gell-Mann, (1994); Heylighen, (1999); Holland, (1995); Levin, (1998); Martin and Sunley,
(2007); Mitleton-Kelly, (2003); and Taylor, (2002). While specific terminology amongst these differ
(and there is a lack of consistency regarding which CAS aspects are highlighted), there nonetheless
remains a great deal of overlap between the respective traits when considered as a group (Figure 2.1).
The general defining traits surmised from this literature review suggest CAS to be:

adaptive, evolutionary, and rule-based;

comprised of a variety of agents;

described by scale free/nested mathematical hierarchies;
characterized by self-organizing and emergent global properties;
organized by flows and interactions; and

subject to non-linear and historical processes.
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I have identified that the various defining traits can be assigned into three distinct cluster areas
(Figure 2.2).

= L =
\\\\“\\“\\\l|I|l|anHlIII/////k/ CO EVOLVING 3\‘ “\\\\\\u||||umu,,,,/
\
\\\\\\ /,//// W l,
& FORCES "%, & ‘MECHANISMS “, 2
N 7, N 7
& MEDIATING %, = & ENABLING 7
\\\\\ gy, \\\\\\\\mllulum////,, % $ //
~ NN o
§ 8

iy,
o i,
= iy,

o,
ORGANIZED SUBJECTTO ADAPTIVE + L !
THROUGH NON-LINEAR EVOLUTIONARY/ co:"\f:;?:_:?YOF
FLOWS AND HISTORICAL RULE OF AGENTS
=~ INTERACTIONS PROCESSES = BASED =
2/’/ W ’/’//umunm\m\“‘ af \\\S 2’// i /I////lmnllmy\\\\\\\\\\\\\\\ /’///m,mw\\n‘\‘\“ ol Q\s
Z S Z S
SELECTION & % SELECTION &
/,/// CONTEXT \\\ “\\\\\\lllllllu,,,” //,/ PROCESSES \\\\
// W \\ W ‘\“\\uumnmm,,,/ // /// /// \\\
\\\\\\\(/Am.mm,”// A W \\\\ ", //// 7 \m\\\ummm»\}\,/w
o KT \\‘ %, ",
" EMERGENT \\\ SCALE-FREE //,/ EMERGENT
STABILIZED S AND /’//// SETS OF RULES/
Z PROTOCOLS
NESTED Z OF BEHAVIOR
HIERARCHIES & Z
///"//lmnnu||\\m\\“\“\\\\\ E A
GLOBAL PROPERTIES
z OF
E SELECTION OUTCOMES
= Qe \n\\mrmmm,, = s
2 SELF- §
2,( S ORGANIZING % § g
g s ﬁumlws&o\HHHHHHHH\‘\
UL T ///I/\/H 1 I\Eé +FITEMERGENT é\ il ‘\\‘\Q LT T
2, CHARACTERISTICSS S
2, &
O

S

“,
///// Iy i TR \\\\\\\
’/Ilnn'l”'l"ﬁ'u\\\\\‘

FIGURE 2.2 Three Distinct Cluster areas (mechanism, forces, properties)

1 Mechanisms enabling selection processes (including)
— adaptive and evolutionary/rule based

— comprised of a variety of agents (= Emergence of fit agent behaviours/rules or schema)

2 Forces mediating selection context (including)

— organized through flows/interactions
— subject to non-linear/historic processes

3 Properties of selection outcomes (including)

— scale free/nested hierarchies

— self-organizing and emergent global properties
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2.3

The first cluster focuses upon the processes whereby agents adjust and respond to their environment,
including the mechanisms that enable selection and evolutionary processes to occur. Here, the trial
and error nature of CAS, with its capacity to find 'fit’ operational strategies centres the research.
Those interested in this aspect of CAS draw from biology, (Darwinian processes and fitness), and
computational theory (simple rules yielding rich global dynamics). We can also speak here about

the "'emergence’ of individual actor protocols, schema or rules - even though these are not global
properties characterizing the system as a whole (discussed below).

The second cluster focuses on the role of the context wherein evolutionary processes occur. This
pertains to the nature of forces mediating the selection context wherein adaptation occurs. For CAS to
evolve and discover fit configurations, this context needs to incorporate some form of energy, driving
different potential trajectories (Morowitz & Smith, 2006). The way in which these flows are channelled
is subject to historical circumstances, contingency, degrees of freedom, and phase space.

The third cluster focuses upon the emergent manifestations or results of CAS processes. While
‘Emergence’ refers to the unexpected manifestation of unique phenomena occurring in the absence
of top-down control, it can refer both to the novel global phenomena themselves (ant trails, Benard
rolls or traffic jams); or to the mathematical regularities associated with these phenomena (power
law distributions).? In each case, interest is not so much on considering the specific evolutionary
processes leading to such regularities, but rather on identifying the kinds of phenomena exhibiting
such properties.

When researchers appropriate CAS ideas and terminology, they naturally tend to draw from those
concepts that resonate with their pre-established research biases. Depending on these, different
concepts, mechanisms, and authors are highlighted. Figure 2.3 illustrates how CAS has been
appropriated within urban research, outlining key streams, pertinent researchers, as well as
complementary sources that co-influence the various perspectives. Selecting which research to
include does notinvolve a clear, replicable methodology. In some cases, I include authors who are
highly cited in their field, but draw from CAS only peripherally (Healey for example). Others boast fewer
citations but are unique in having explicitly clarified the overlaps between their area of inquiry and CAS
(Prominski, for example). Further, while all areas hold connections to CAS, some are not yet explicitly
articulated. Thus, strong conceptual overlaps exist between Tactical Urbanism (learning by doing/
adaptation); Resilient Urbanism (ability to absorb system perturbations); and Urban Informalities
(bottom-up and evolutionary) to CAS. These links, while implicit, remain largely under-theorized. At
the same time, not all urban theory pertaining to CAS can be neatly arranged within the categories
offered - while I have aimed to include as many clear topics as possible, some engagements defy easy
classification even though they remain relevant (see, for example, Comunian, 2010).
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CAS does not distinguish between emergence manifesting as patterns formed by agents - such as ant trails - versus patterns formed
by the environmental context within which the agent is situated (such as termite mounds, a ‘stigmergic’ medium (Grassé, 1959)).
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FIGURE 2.3 Streams of Urban Thinking as related to CAS principles:
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Finally, no map is ever precise. Conceptual overlaps persist between concepts, authors, and categories.
Iwill be the first to acknowledge that the act of mapping boundaries in a field concerned with relations
may be regarded as highly suspect. I hope to convey that the boundaries I trace are best viewed as
‘open and dissipative’. I make no claims that this rough cartography is so much definitive, as that it
provides an intuitive grasp of how one might begin to navigate amongst different perspectives, guided
by various landmarks even if the overall territory remains somewhat vague.

With this proviso in place, we can begin to observe how specific streams of urban inquiry draw from
CAS in distinct ways. Each (with different ends in mind), highlights different components, focuses

on distinct dynamics, and engages specific terminology to speak of parallel concepts. A series of
comparative diagrams,® shown in [Figure 2.4], are derived from Figure 2.3 and illustrate these
differences. By analyzing how the distribution of the linesin Figure 2.3 (and in some cases the
density of lines) flow from the CAS concepts into the various discourse boxes, we begin to structure

an understanding of how CAS concepts are highlighted differentially within each urban research
stream. Again, this is not to suggest that where certain concepts are highlighted others are completely
overlooked; instead, what is offered here is a way to see how the various attributes of CAS are granted
focus differentially according to the area of inquiry.

Table 2.1 (at the end of this section), provides an overall summary of each branch of research’s
relation to CAS. Areas that remain peripheral are assigned to 'the margins’ (though some engagement
may occur). Areas forming the major thrust of the research are highlighted, and areas that are
somewhat theorized but not central to the discourse are noted. These distinctions are intended to
points to areas of overlap, as well as note clear disjunctures. While an in-depth review of each stream
lies outside the scope of this paper (and can be pursued by reading the referenced sources), the
comparative table helps highlight how significant differences exist in the ways each urban discourse
positions itself in relation to CAS.

In what follows, I briefly discuss a selection of these urban discourses as they pertain to the three
clusters areas.

3.1 Mechanisms Enabling Selection Processes

Urban Computational Modellers, as a group, are highly engaged in this particular cluster. They develop
Cellular Automata or Agent Based Models (Batty, 2007a; O'Sullivan and Torrens, 2001; Wolfram,
1984) placing an emphasis on the ‘rule-based’ nature of CAS. CA/ABM researchers attempt to infer
the rules at play within a particular realm, calibrating these such that model behaviours reflect real-
world phenomena. Emphasis is placed upon how simple agent-based rules yield emergent outcomes,
and how rules might be varied to make these outcomes more desirable.

Evolutionary Economic Geographers (EEG) consider how firms - conceptualized as agents in economic
systems, ‘learn” and ‘evolve’ by processing resources and information such that geographic clusters
emerge. Here, the firm is the basic unit of analysis, and General Darwinian processes are invoked to
describe how firms adapt to shifting economic contexts. EEG unpacks CAS dynamics unfolding ‘on the
ground’ observing how behavioural ‘rules’ of firms compete for fitness (Boschma and Martin, 2010).
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The diagrams shown are screenshots from the author's website dealing with Complex Systems and Urbanism (currently under
construction). More detail can be found by accessing cas.seanwittmeyer.com (temporary domain name).

Research in Urbanism and Planning drawing from Complex Adaptive Systems theory: Divergent definitions, concepts, methodologies, and trends.



a Computational Geography's emphasis vis a vis CAS b Landscape Urbanism's emphasis vis a vis CAS

¢ Incremental Urbanism's emphasis vis a vis CAS d Urban Informality's emphasis vis a vis CAS

FIGURE 2.4 Summary of various urban research stream's focus vis a vis CAS, indicating which attributes dominate each reasearch agenda
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e Evolutionary Economic Geography's emphasis vis a vis CAS f Assemblage Geography's emphasis vis a vis CAS

g Relational Geography's emphasis vis a vis CAS h  Tactical Urbanism's emphasis vis a vis CAS

For Communicative Planners, CAS informs a potent political agenda: engaging human-based
diversity to empower a range of stakeholders within planning processes (Healey, 2007; Innes and
Booher, 1999). CAS is used as a metaphor to inform the efficacy of bottom-up communicative
processes. Communicative Planners recognize that cities are complex, but rather than trying to
control this uncertainty, they seek to embrace it, working to strategically navigate uncertain scenarios,
while understanding that managing discourse involves mediating between an uneven terrain of
stakeholders (Balducci et al., 2011; Portugali and Alfasi, 2008). Here, agents are individuals, and
agent-based behaviour is conceptualized in terms of how it informs the democratizing aspects of

65  Researchin Urbanism and Planning drawing from Complex Adaptive Systems theory: Divergent definitions, concepts, methodologies, and trends.



urbanism. As David Byrne notes ‘complexity is emancipating’. He continues, 'this is very far from trivial
and may be the most important single thing complexity can give to us'(2003, page 175).*°

Those [ categorize as ‘Incremental Urbanists’, are interested in how morphological features of urban
components might be predisposed to channel evolutionary potential: with an inherent plasticity that
can respond to complex forces. Within this context, the ‘bottom-up’ agent is neither an individual
(asin Communicative Planning) nor a computer cell (asin CA/ABM), but rather a physical built unit
(home, building, block) that changes over time. Rather than directing change through planning,

this stream concerns itself with how the morphological features of the built environment might
physically be designed so as to be more responsive to unfolding social, economic, and political realities
(Habraken, 1987; Hakim, 2007; Jankovic, 2012; Schneider and Till, 2006; Till and Schneider, 2006).
The research work to understand the nature of ‘more adaptable urban tissues, capable of adjusting to
changing demographics, economics and cultures over time’ (Porta et al., 2014, page 3399). It focuses
upon bottom-up day-to-day socio-spatial evolution occurring in situ, and therefore resonates with
both urban informalities and tactical urbanism. While highly relevant, explicit links to CAS theory
within this stream are to a large extent under-theorized (for reflections see Marshall (2008).

3.2 Forces Mediating the Selection Context

Relational Geographers, draw attention to the primacy of relations and flows in constituting meaning
and space (Massey, 1999). Here, CAS is appropriated to inform an ontology dealing with multiple,
contingent, shifting, and flexible relations. The focus is, therefore, less about the specific processes
of agent evolution, and more about flows (informational, material, energetic, technological), that
drive evolution (Jensen, 2009; Urry, 2005). It is the properties of these flows - their nature, thickness,
extension, etc. - that become the departure point for analysis, with research unpacking how flows
amongst agents and territories are reinforced, moored, or grounded (Hannam et al., 2006; Urry,
2004). Here, shifting flows that are both local and global, thicker and thinner, and often overlapping
are examined ‘within a complex system [that] supports the postmodern view of a multiplicity of
localized, yet networked, social and political discourses.’ (Manson, 2001, page 411).

Assemblage Geographers, seize upon concepts of path dependency and bifurcation points - moments
when chance events determine the trajectory of systems sensitive to historical unfolding. Here, in
order to properly conceptualize actualized geographical space, it is necessary to see this as being the
manifestation of only one particular trajectory - situated within a much broader virtual phase space

- of potentiality (Jones, 2009). This introduction of history situates urban systems as contingent,

with actual behaviours representing only one potential trajectory of much ‘phase space’ potentiality.
Assemblage thinking frames phase space through the notion of ‘the virtual’ (DeLanda, 2005), the
‘plane of immanence’ from which capacities are activated in response to the situation at hand.

Landscape Urbanists (LU) are also interested in this ‘space of possibility’, but understand this as
physical spaces ‘seeded with potential’ or "providing affordances’ for unfolding actions. Rather than
designing for a ‘fixed’ future, LU practitioners create 'scaffolds’ or ‘stages’ in which multiple possible
futures might unfold (discussed in Chapter 3). The nature of which future ultimately actualizes

is predicated on flows and stochastic processes outside of the designer’s control. Thus, providing
enabling spaces - which can manifest in different states of equilibrium - becomes the design objective.
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While this perspective focuses on empowerment, it has recently been the subject of critique as ‘self-organization’ is seen as a way
governments might shift responsibility onto local actors in an effort to slash budgets (see for example Uitermark, 2015).
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Computational Geographers are also interested in features of phase space but approach this
differently. Rather than considering ways in which phase space is activated in situ, they attempt
to understand which states are most likely to unfold in real-world scenarios by running multiple
iterations of simulation models and noting tendencies.

3.3 Global Properties of Selection Outcomes

Computational Geographers tend to highlight the mathematical regularities that manifest both in
real cities and in urban simulations (Batty, 2007a). Evolutionary Economic Geographers (EEG), are
alsointrigued by the general phenomena of emergent urban patterns, noted as ‘clusters’ of firms.
While the first group tends to highlight the mathematical regularities, EEG is more interested in the
functional aspects of how such emergent agglomerations drive efficiencies and innovation through
reinforcing feedback mechanisms (Boschma and Frenken, 2005; Martin, 2001; Yeung, 2005). *

Communicative Planners consider how strategic planning can lead to an emergent consensual
agreement between various stakeholders and thus a ‘fit’ planning strategy. Here, the metaphor of
‘emergence’ is somewhat stretched. DeWolf and Holvoet (2004) note that self-organization (as
advocated by communicative planners), occurs without technically leading to emergence. That is,
there is a difference between an emergent feature in CAS (arising from autonomous agent actions)
and a resultant feature that is in fact deliberated upon by a group of autonomous agents within a
communicative process (see also Crutchfield (1994)).

Assemblage theorists consider emergence in a more philosophical guise. Drawing from the works

of Deleuze, Guattari, and Delanda concrete entities are situated as emergent, indeterminate and
historically contingent stabilized assemblages (Jacobs, 2011; Sheppard, 2008). Assemblages

are brought into existence through distributed agency (Anderson and Mcfarlane, 2011) amongst

both human and non-human actants (Protevi, 2006). ‘Agency’ is substituted with the notion of
‘agencement’ - ‘arrangements endowed with the capacity of acting in different ways depending on
their configuration’ (Jacobs, 2011, page 417). Dovey (2012), proposes adopting the phrase ‘complex
adaptive assemblage’ to define assemblages. He highlights their similarity to ‘emergent structures’,
wholes that are, ‘formed from the interconnectivity and flows between constituent parts - a socio-
spatial cluster of interconnections between parts wherein the identities and functions of parts and
wholes emerge from the flows among them' (2012, page 353). Assemblages are thus configurations
of inter-meshed forces - human/non-human, local/non-local, material, technical, social, etc., -
stabilized at particular moments. Once in place, these take on agency in structuring further events.
Agents in a particular assemblage hold multiple capacities (DeLanda, 2005), but how these capacities
manifest is contingent: predicated upon the nature of forces, flows, orinteractions at play in a given
situation. While assemblage theory has been critiqued for its vagueness and jargon (Storper and Scott,
2016), it strongly resonates with the CAS ontology outlined above.

Although notincluded in this cartography, many social scientists are also interested in the
philosophical implications of emergent phenomena (for a general introduction see Bonabeau, 1995;
Wolf and Holvoet, 2004). Emergent phenomena pose ontological questions regarding where agency
is located, since phenomena arising from agent behaviours subsequently acts upon and constrains
these behaviours. This is framed as 'supervenience’ (de Haan, 2006), which characterizes how ‘an
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Asimilar discourse appears in management literature.
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emergent property might be one that supervenes on, without necessarily being definable in terms of (or
reducible to) a physical base’ (Baas and Emmeche, 1997). Here, ‘the recursion lies in the effect that
their adaptive behaviour leads to alteration of the phenomena they adapted to’ (de Haan, 2006, page
298). Further questions have been raised regarding the role of the observer in perceiving ‘'emergence’,
and how this observer is then implicated in CAS unfolding (see Bedau and Humphreys, 2008). This
self-reflective aspect of human entities, themselves part of CAS, is the subject of recent research in

planning and cognition (Portugali and Stolk, 2016).

CAS CLUSTERS

Mechanisms Enabling Forces Mediatiing Properties of
Selection Processes Selection Context Selection Outcomes

Adaptive & Evolu- Comprised Organized Subject to non-lin- Scale Free/ Novel & emergent
tionary of a variety of via flows & Inter- ear & historic Nested global properties
/Rule Based Agents actions processes Hierarchies (what emerges)
MARGINS THEORIZED FOCUS THEORIZED MARGINS Emergence of:
- bottom-up; - dynamic - multiple - consensual
- diversity of agents  interactions; equilibria; agreement
-interdependence - bifucations
FOCUS FOCUS MARGINS MARGINS THEORIZED Emergence of:
- rule-based; - bottom-up - rule based; - fit building
- iterations; elements; - iterations; components;
-evolving; - no central control; -evolving; - cohesive urban
- feedback loops - unit-based - feedback loops patterns
MARGINS THEORIZED THEORIZED FOCUS MARGINS Emergence of:
-agencement - rhizomes - history; - stabilized
- contingency; assemblages
- manifold;
- phase space;
- the virtual
MARGINS MARGINS FOCUS THEORIZED MARGINS MARGINS
- patterns of - open /dissipative
interaction;
- network topology;
- fluidity/mobility;
- relations between
FOCUS FOCUS MARGINS MARGINS THEORIZED Emergence of:
- rule-based; - large number of - fractal patterns - fit building
- time/iterations elements; blocks/ rules;
- feedback loops - modular; - fit global
- building blocks configurations
FOCUS INTEGRATED FOCUS FOCUS MARGINS Emergence of:
- rule-based; -large numberof . - preferential - path dependent; - firm rules/
- feedback loops agents (firms) attachment; - non-linear protocols;
- flow of energy; - clusters
- local interactions
INTEGRATED INTEGRATED INTEGRATED INTEGRATED INTEGRATED Emergence of:
-simple rules; - building blocks - dynamic - bifurcations; - mathematical - attractor states
- iterations; interactions; - multiple scenarios ' regularities
- feedback loops;
- variables;
- fitness
THEORIZED MARGINS FOCUS FOCUS MARGINS MARGINS
- feedback loops - capturing flows; - open scaffolds;
- time - unfolds via - indeterminate
interactions - affordances

TABLE 2.1 Comparison of Urban Research agendas in relation to CAS Defining Clusters
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As a still nascent area of investigation, there remain significant ambiguities in how CAS phenomena
are understood, appropriated, and interpreted by those undertaking urban and spatial research.

This paper attempts to address some of these ambiguities: differentiating between the mechanisms
behind emergent processes, the contexts wherein complex processes play out, and the structural
outcomes of these processes. The diversity of urban approaches outlined above does notimply

that any are flawed or that they misappropriate CAS: it simply means that there is no unified set of
principles that corresponds with urbanism and planning discourses engaging CAS: either as model or
as metaphor.

CAS research in urbanism is predicated upon the idea that imported frameworks and metaphors
from one discipline provide new insights and innovations in another: revealing previously hidden
perspectives and knowledge. Nonetheless, an appropriation of sketchily grasped notions outside

of one’s area of expertise runs the risk of masking weak concepts behind trendy terms: jargon

thatis easily appropriated but less easily understood. Doreen Massey, discussing the pitfalls of
cross-disciplinary appropriations (particularly from physics) observes that, ‘as provocations to the
imagination they may be wonderfully stimulating; as implicit assertions of a single ontology they need
justifying; as invocations of a higher, truer science they may be deeply suspect’ (1999, page 264).

Nigel Thrift (1999) voices similar scepticism, noting that CAS has been co-opted as a kind of
‘commodity’ within academic debate. He nonetheless acknowledges the potential of CAS to open up
new modes of inquiry, ‘clearing old ground and creating new’. More recently, Angelique Chettiparamb
suggests that the appropriation of CAS into planning theory remains unconvincing. She notes that
metaphors have been appropriated both with little concern for the fidelity of the principles being
transferred, and little understanding of how these principles might be meaningfully re-conceptualized.
She states:

Re-conceptualization must be taken further to achieve three objectives: to explore the connotative
meanings associated with complexity theory as revealed in different source domains from which the
theory originates [...] to undertake a fuller and more detailed exploration of the abstracted features
so as to yield the relational structure within the abstraction in finer detail; and to undertake empirical
work to detail out how the imported structural mapping plays out in the new target domain, thereby
yielding new insights relevant to this domain, while changing and contextualizing the received
concepts. (Chettiparamb, 2006, page 82)

In providing a comprehensive overview of the links between the source domain of CAS and the various
target domains of urban theory, I hope to clarify trends, propensities, and blind spots. Of interest here
is how some streams of inquiry remain isolated from one another in terms of the key perspectives they
respectively draw upon.

To summarize, we can observe that Computational Geographers - biased by programming
methodology - focus upon agent rules, with these rules playing out within abstract computational
contexts. Meanwhile, Relational and Assemblage Geographers - guided by interests in human
interactions, history and the nature of contingent flows - focus upon forces mediating the selection
context, considering both the philosophical and epistemological implications of complexity as

it affects how we construct and reconceive the urban ‘object’ as multiple, contingent, thick and
overlapping urban ‘relations’. Finally, Communicative Planners - championing an emancipatory
political agenda that aims to empower actors previously marginalized by top-down forces - focus
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on the 'bottom-up’ heterogeneity of CAS agents which, for them, are the human actors involved in
planning contexts..

More specifically, the ways in which ‘phase space’ or ‘spaces of possibility’ are implicated in the
discourses varies significantly. Computational Geographers take stock of statistical patterns
manifesting in phase space, Relational/Assemblage theorists conceptualize and trace historical
trajectories brought about within configurations of phase space, while Landscape, Tactical, and
Incremental Urbanists (all operating as spatial practitioners), seek to activate phase space.

Key differences also pertain to how agents are conceptualized. Computational Geographers propose
rule-based cellular agents within their models; Evolutionary Economic Geographers locate agents

at the firm level; Communicative Planners consider various stakeholders to be the relevant agents;
and Incremental Urbanists consider individual units of built fabric as the agents. All are interested in
how agents evolve over time to become more ‘fit’, but some consider topological regularities of agent
aggregation, while others disregard this factor.

Finally, we observe strong disconnects in how concepts of emergence are framed. For Computational
Geographers, emergence pertains to mathematical manifestations of power-law regularities. For
EEG, it pertains to physical patterns of economic clusters. For Communicative Planners, it pertains to
politically empowering conceptual consensus emerging through dialogue. For Assemblage Theorists,
it pertains to the ontological nature of things as stabilized but temporary groupings of entities,
(physical, political, social, etc.), that come together in highly contingent forms.

Such variations illustrate how urban research may appear at odds due to different epistemological and
ontological assumptions regarding CAS. Moving ahead, it may be of interest within a given research
stream to take a closer look at aspects of complexity that appear faded out within each particular
frame of reference. With greater clarity regarding the starting points and premises of research, it
should become easier to identify both the gaps and the areas of common ground between streams:
fostering enhanced dialogue and enrichment of our overall understanding of spatial and urban
complexity.
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Situating Complexity in Contemporary
Landscape Practice

Abstract

This paper examines general principles of Complex Adaptive Systems (CAS) theory and how these

are incorporated into urban and planning studies. CAS theory offers analytical tools that help

unpack the dynamics of non-linear systems - ones that are open to energy input and operate far
from equilibrium. In this paper, I identify "hallmark’ features of CAS, then relate these features to

the specific contribution of Landscape Urbanism (LU) within the CAS/Planning discourse. Many

LU practitioners are engaged with research that is highly informed by a CAS ontology. However, as
this work is mostly disseminated within design journals, it remains ‘under the radar’ within the
broader academic literature that considers the links between CAS and urbanity. Nonetheless, LU
operationalizes methods central to CAS - by creating environments able to self-organize and evolve
in light of indeterminate and shifting forces. By providing a survey of several key LU projects and their
organizing principles, I argue that LU methods offer unique and helpful insights for operationalizing
CAS principles within the broader urban context. I conclude with a brief discussion on implications for
urbanism and planning.

Key Words

Over the past few decades, Complex Adaptive Systems theory has been exerting a growing influence
on planning and urbanism (Batty, 2007a; Boelens and Roo, 2016; Hillier, 2008). CAS offers analytical
tools that help unpack the dynamics of non-linear systems - ones that are open to energy input and
operate far from equilibrium. In this paper, I suggest that Landscape Urbanism (LU) offers substantive
insights for spatial practitioners wishing to engage CAS principles. LU explores methods whereby
complex dynamics that enrich urban life are channelled and instigated directly in space through
interactions played out in physical form. Rather than trying to control, analyse, theorize, communicate,
model or predict complex factors, LU strives to engage and deploy complexity on the ground. This
deployment involves first recognizing that certain situated territorial conditions can more effectively
afford the possibility of complex forces self-organizing, and then activating these territorial conditions.

L argue that LU offers a unique perspective on incorporating principles from CAS into design and
planning methodology. In what follows, I will argue that Landscape Urbanists employ the language
of CAS (emergence, indeterminacy, feedback, flows, evolution, etc.), see urban environments as
complex systems driven by a range of overlapping forces and flows, and perceive their interventions
as contingent and subject to historical unfolding. Projects adopt, ‘the language of flows, shifting
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populations, succession, patches, dynamic systems, matrices, self-organisation, instability, etc,, [...
where...] systems are dynamic, fluid, unstable, complex and indeterminate’ (Thompson, 2012, page
14). These LU principles echo those advanced in CAS theory (Prominski, 2005).

While a discussion of the ontological parallels between LU theory and CAS theory is interesting in and
of itself, it is also relevant in terms of a broader planning debate: the recurrent theme pertaining to the
gap between the theory of planning versus the object of planning. While there has been a concerted
effort to integrate CAS perspectives into theories of planning (Sengupta et al., 2016), much less work
has been produced on how CAS perspectives might influence or advance the object of planning - the
material environment and how this might evolve over time. Yet there is a growing sentiment that
speaks for the need to re-engage with the material conditions of the spaces we plan (Binder, 2011,
Boelens, 2006; Harrison, 2013; Lord, 2014).

Notwithstanding this call, engaging with the open-ended and indeterminate qualities of CAS in the
context of material settings (which we perceive of as fixed) is far from intuitive. By surveying a number
of key LU projects, I demonstrate how Landscape Urbanists engage with urban materiality in ways that
might provide a means forward. Here, the material conditions of situated sites are framed as being
open-ended, plastic, and contingent - a ‘baroque’ materiality (Anderson and Wylie, 2009; Jones,
2014) activated, in part, by how users encounter and engage it. In LU projects, material form, rather
than being conceptualized as a fixed and defined entity, operates in modes where it can ‘be thought
of as containing modalities of potentiality or possibility’ (Anderson and Wylie, 2009, page 330). These
modes of potentiality are easily situated within a CAS ontology, wherein matter remains concrete and
specific, yet still malleable and plastic - an environment that is open-ended and creates affordances
for contingent, non-linear futures.

The paper is divided into five sections. Part One provides a brief introduction to CAS principles.

Part Two considers how CAS has been defined in academic literature and then distils key common
defining attributes. These core attributes are then considered as ‘centering’ various research streams
in planning that draw from CAS. Part Three discusses LU work as unique amongst these streams by
virtue of its situatedness within the material strata of the city. It looks at LU’s history and theory, and
at how its core conceptual themes resonate with key CAS attributes. Part Four then reviews a number
of Landscape Urbanism projects, framing their concepts and execution in terms of how these relate to
CAS. The paper concludes with considering the broader implications of LU methods for planning and
urban design.

Complex Adaptive Systems theory (CAS) is a relatively recent addition to our way of understanding,
conceptualizing and analysing relationships that are able to generate structure. Over the past few
decades, research into the implications of CAS - originally spearheaded at the Santa Fe Institute - have
grown and intensified. One of the key outcomes of this research is the understanding that CAS systems
are ubiquitous: that the underlying dynamics governing one CAS system can be transferred when
reflecting upon another (Heylighen, 2011b; Kauffman, 1996). Today a CAS perspective is becoming an
increasingly fruitful way to analyse and discuss problems in an array of disciplines be they economic,
political, or cultural. Cities are no exception, with CAS informing a diverse range of urbanism and
planning discourses (Batty, 2007a; Chettiparamb, 2006; Inness and Booher, 1999; Portugali, 2000).
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Afull overview of Complex Adaptive Systems lies outside the scope of this paper, but can easily be
accessed in work produced by others (see for example Capra, 2004; Holland, 1995; Sawyer, 2005).
However, a basic outline will here serve as an introduction. CAS theory engages with an examination
of systems that are energetically open and manifest emergent structure without need for top-down
control. CAS are composed of basic, interacting parts (agents), which process energy or resources
(available through the system’s dissipative boundaries), and gradually evolve more effective internal
organization due to feedback processes (Heylighen, 1999; Holland, 1995). While agents are not
necessarily intelligent, they employ general Darwinian mechanisms - variation, selection, and
retention - in order to gradually select for behaviours that increase their fitness within the system.
During this process, agents have the capacity to interact and steer each other’s behaviour, leading

to global emergent or aggregate behaviours that are not predictable based upon the individual

agents. Here, emergence refers to the ways in which novel global behaviours appear that are neither
predictable nor reducible to the inherent properties of the agents that produce them. Systems are thus
described as being ‘bottom-up’, since higher levels of order are predicated upon interactions at a lower
level. Flocking birds, booms and busts on the stock market, and even the organization of the World
Wide Web can be seen as the result of complex adaptive dynamics.

CAS theory is considered an offshoot of General Systems and Cybernetic approaches (Gell-Mann,
1994). However, CAS differs from these in subtle but significant ways. General Systems Theory,

while concerned with interactions, focuses upon closed systems that can be optimized towards a
singular equilibrium. Cybernetics, while considering open systems, explores systems governed by
negative feedback, which tend to dampen and stabilize system changes. CAS systems, in contrast,
although primarily internal and bounded are also dissipative: open to inputs, energy, matter, and
information from the surrounding environment that in turn fuel internal system dynamics (Prigogine
and Stengers, 1984). This allows them to seemingly violate the second law of thermodynamics -
whereby CAS generate emergent structure. Here, the system’s openness to energy inputs, combined
with responsiveness to positive feedback, sets in motion dynamics whereby small input changes

are amplified in ways that cause entirely new structures to arise. CAS can thus unfold in multiple
trajectories in accordance with these small changes, leading to manifestations that are contingent and
based on historical conditions.

To date, there is no ‘authoritative’ definition of what constitutes a Complex Adaptive System.
Notwithstanding, several well cited researchers including Gell-Mann, (1994); Holland, (1995); Arthur
etal., (1997); Levin, (1998); Cilliers, (1998); Heylighen, (1999); (Taylor, 2002); Mitleton-Kelly,
(2003);Dopfer et al., (2004); Martin and Sunley, (2007); Anderson, (2008); have advanced lists of key
CAS attributes. In Chapter Two, I compiled a summary of recurring overlaps between these definitions,
identifying the 'consensual’ characteristics of CAS. This suggests that CAS are at essence:

organized through flows and interactions;

subject to non-linear and historical processes;

adaptive and evolutionary;

comprised of a diversity of agents;

described by scale free/nested mathematical hierarchies; and
characterized by self-organizing and emergent features.
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Figure 3.1 illustrates the relationships of these six defining attributes of CAS, and how these pertain

either to aspects of the Context, Processes, or Outcomes of Complexity Dynamics
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FIGURE 3.1 Defining CAS attributes

CAS is a broad realm of study, with different research drawing from CAS perspectives in different
ways. This categorization of CAS aspects can be employed as a framework to consider how CAS is
conceived within various research streams. Thus, while not ignoring other attributes of CAS, various
research streams appear ‘centered’ upon one or two particular aspects of Complexity. For example
Computational Geographers pay close attention to scale-free and fractal manifestations of CAS,
whereas Communicative Planners are more concerned with the fact that CAS involve a variety of
interacting agents. Relational Geographers pay attention to the flows and interactions of CAS, while
Assemblage Theorists are drawn to its non-linear, historic and contingent nature. Depending upon the
stance, different properties of CAS dynamics (as defined above) tend to become more or less central to

the research.
Each of these ways of engaging CAS provides its own set of insights, but depending upon the

‘lens’, different research aims ensue. Relational and Assemblage thinkers employ complexity
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as an interpretive device that assists in theorizing about the city. Communicative Planners use
complexity theory in order to consider how to stage an equitable dialogue regarding the city. Finally,
Computational Geographers employ CAS as a means of forecasting and modelling potential cities.

Despite the breadth of these approaches, I wish to highlight that there is an overall lack of theorizing
that pertains to how one might deploy and enact complex processes of the urban on the ground.
Thus, while many geographers focus upon how complex flows of resources and infrastructure are key
to understanding how cities evolve, little has been theorized about the material strata of the city that
enable these flows to become grounded. While there is some literature on flows coalescing where
they become overlapping and ‘thick’ (Read, 2007b), there is less that considers the kinds of settings
that are ‘primed’ to provide the affordances for these flows to be expressed in material form. In what
follows, I consider this means of activation from the perspective of LU theory and practice. To do so, I
begin with a brief introduction of Landscape Urbanism as a field of inquiry.

Landscape’s being is constituted through the unfolding practices that surround it. Its presence is not
engendered by features in the landscape itself but by the various ways it is called forth and put to

task. In this sense the only thing that ever is is the practices that make it relevant. While it appears

as a definable material space, its materiality is constituted by the totality of possible performances
immanent within it: the constitutive potential of the unfolding labyrinth. (Rose, 2002, pages 462-463)

Landscape Urbanism grew from the reflections of a number of practitioners based at the University

of Pennsylvania, the Harvard Graduate School of Design, and the University of Illinois, Chicago. It has
been advanced primarily through their projects as well as those coming out of several Netherlands
based firms. The first seeds of the LU discourse can be found in two highly influential Parc de la
Villette competition entries. Both the offices of Bernard Tschumi, as well as that of Rem Koolhaas’
OMA, generated proposals that explored indeterminate futures: stressing the creation of strategic
infrastructures that could accommodate unknown potentials. These projects positioned the emerging
Landscape Urbanism discourse as:

Less about the construction of finished works, and more about the design of ‘processes’, ‘strategies’,
‘agencies’, and 'scaffoldings’ - catalytic frameworks that might enable a diversity of relationships to
create, emerge, network, interconnect, and differentiate. (Corner, 1997, page 102)

A series of works, subsequently executed by OMA, West 8, Field Operations, Stoss, and Mathur/da
Cunha (particularly in the Downsview Park and Fresh Kills Competitions), continued to expand upon
these themes. In addition, two influential texts, Recovering Landscape (1999b) and The Landscape
Urbanism Reader (2006) helped to disseminate key ideas within the Landscape Architectural
community.

These texts expressed how LU involved a break from traditional landscape interests in the generation
of scenographic and pictorial settings. Here, a conceptual distinction is made between landskip
‘landscape as contrivance, primarily visual and sometimes also iconic or significant’ and landschaft
‘landscape as an occupied milieu, the effects and significance of which accrue through tactility, use,
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and engagement over time' (Corner, 1999: 154). The actualization of programs is something that is
performed in space and time, through actors that engage with the area.

This performance takes place within a spatial arena that not only permits but also affords a range of
potentials. This concept of open-ended potential is different from the modernist notion of ‘universal
space’. In the modernist conception, spaces were left open to be adapted and appropriated for a wide
range of uses: but this was done in a neutral manner, where compositional (rather than operational)
features of space were the focus of design. LU, by contrast, does not just leave a space open, but

also aims to increase a space's capacity to foster the emergence of contingent events. Thus, ‘the
surfaces they [landscape urbanists] see are not just visual patterns but more mutable and thickened
topographies, systemic and alive’ (Wall, 1999, page 247). In order to provide these mutable settings,
LU practitioners speak of ‘seeding’ an area, ‘irrigating’ a territory or ‘staging’ the ground - all alluding
to an active and catalysing engagement with the territory that anticipates and prepares the ground
for possibility - while still maintaining an open-endedness in terms of which future possibilities are
actualized (Corner, 1998).

This framework leads to new techniques of analysis, representation, and intervention that capture
the ‘fluid, process driven characteristics of the city’ (Corner, 1999b, page 30). LU thus considers both
the importance of understanding flows and designing to enable these flows to come together, but

it further considers the preparation of the territory where these forces coalesce. Here, the concept

of 'staging’ or the creation of ‘affordances’ is significant. Affordance (Gibson, 1986) describes the
capacity of designed objects or environments to invite multiple kinds of appropriations - in other
words, to manifest in different ‘states’, in accordance with different kinds of uses or engagements. The
choice of which state to manifest rests upon the kinds of imbricated relationships activated by users
(Withagen et al., 2012). That said, not all sites offer equal affordances to shift into different regimes
of behaviour - if too specific, territories do not have the plasticity required; if too open-ended, they
become neutral modernist space - with little capacity to meaningfully support any programmatic
specificity.

This interest in affordance echoes both the notion of phase space (Jones, 2009), and that of
‘plasticity’ (Van Dyke, 2013), as means with which to affirm the agentic capacity of the material, while
conceptualizing this in ways that circumvent the pitfalls of environmental determinism.*? Instead,
affordances, phase space, and plasticity each engage with the idea (also central to CAS) that material
entities have certain capacities that are virtual and contingent (DeLanda, 2005) - but that these

are activated and manifested under particular circumstances. That said, material affordances are

not completely open-ended - there are still limits, and the way in which the capacities of material
form are ‘called forth' is through practices that involve the agency of other actors (Rose, 2002). Here,
the environment elicits (rather than controls) but is then shaped and stabilized in accordance with
situated needs. Jones describes this process, whereby:

...like phase space, plasticity does not license multitudinous open-ended possibilities: it works within
the existing parameters of material possibility, but unlike topology, deformations reshape the whole
and original shapes cannot be returned to.” (2014, page 2600)
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In Chapter Five I describe Jones' concept of ‘Phase Space’ and how this concept from physics relates to the material potential of a
given environment.
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By creating a range of environments that support programmatic potential, Landscape Urbanists accept
the future as non-linear, open-ended and contingent, but still act to provide meaningful material
territories that can be appropriated and modified when contingent forces coalesce. Here, the design of
spaces is replaced by the design of affordances:

On the face of it this may seem like a contradiction in terms: the deliberate design of spontaneous
interactions. But it is not. Physical environments have something to offer their users. An environment
provides ‘possibilities for action’ or ‘affordances’. [...] our designs depend on a single physical
intervention to create multiple affordances, that is various possibilities for action. (Rietveld and
Rietveld, 2011, 33)

A growing body of LU work thus engages an acceptance of process, evolution, and unknown site
dynamics, with the actualization of site features occurring in accordance with non-linear interactions.
Sites and flows interact such that uses emerge rather than being zoned or planned explicitly. Projects
investigate the provision of, ‘a directed field for the occupation of the site over time: a kind of loose
scaffold that supports the adaptive ecology of urban life ... a system of movement, service and support
that give direction to program without over-determining the use or meaning of individual space’ (Allen,
2002, page 125). LU thereby seeks to:

Create catalysing environments that adapt to unknown futures;
Develop overlapping, interacting, organizational hierarchies;
Leverage infrastructure and flows;

Allow for non-linear, open-ended, and contingent transformations;
Foster process driven, emergent outcomes;

Activate bottom-up tactics and strategies to generate use.

Table 3.1 illustrates the parallels between these objectives and the characteristics of CAS, highlighting
the correspondences between CAS and LU, as well as their distinction from modernist planning
approaches. The contrasts emphasize the fundamental ways in which LU positions itself in new
territory. For example, LU 'plans' are not really 'plans'in the normal sense of a graphic depiction. Often
the drawings are not of things, but of sequences driven by processes, indicating these processes rather
than the forms associated with them. Accordingly, graphics are often indeterminate. OMA's drawing
of Downsview Park, for example (in collaboration with Bruce Mau), utilizes an array of multi-coloured
and multi-scaled dots to suggest the potential texture, rather than the specific compositions, of
spatial programming. Here, process and uncertainty is considered an integral part of the plan.

CAS Characteristics Landscape Urbanism Strategies Modernist Planning

Adaptive and evolutionary Create catalyzing environments that Master plans, specific representations,
adapt to unknown futures imagined futures.

Described by scale free/nested mathe- Develop overlapping, interacting, organi- | Single compositional plane of elements

matical hierarchies zational hierarchies

Organized through flows and interac- Leverage infrastructure and flows Built physical ‘objects’ organize and

tions. generate relationships

Subject to non-linear and historical Allow for non-linear, open-ended, and Optimized for planned/known outcome

processes contingent transformations over time

Characterized by self-organizing & emer- : Foster process-driven, emergent out- Characterized by fixed/static patterns

gent behaviours comes

Comprised of a diversity of agents Activate bottom-up tactics and strategies : Implemented through top-down control.
to generate use

TABLE 3.1 Landscape Urbanism strategies compared to CAS and traditional planning practices

Situating Complexity in Contemporary Landscape Practice



While it is certainly true that modernist planning also considered the role of time and process this,
for the most part, was not what drove the plan. ‘Master plans’ of the modernist period, depicted
desired end-states. These were envisioned, with graphics that assigned programs, quantities,

zones, hierarchies, etc. This is not to imply that there were no urban theorists who highlighted

ways of embracing process within their practices. Christopher Alexander, for example, focused on
the sequential and generative building of a city (1979). That said, these thinkers were more the
exception rather than the rule. More often, urban thinkers who employed notions of systems and
process - forexample, Jay Forrester, (1969), in his Urban Dynamics - were typically looking to create
optimized scenarios or, in some way, to control process, rather than embrace process as a generative
tool. Table 3.1 thus sets up dichotomies (which tend to polarize more than is perhaps accurate), but
it nonetheless provides an overall 'flavour' of the tone of master-plann thinking that, until recently,
has dominated the circles of practice. Here, as a pragmatic driver, clients tend to insist upon graphic
scenarios depicting future 'realities' - with which they can then go to the bank and secure loans to
achieve their visions.

‘Change is not just willed by us humans but comes about equally through the materialities of the world
in which we are just a part, and which, through habit, we encompass in the everyday, ever changing,
assemblage of thought, intensity and matter.” (Dewsbury, 2011, page 152)

Iwish to now provide an overview of six projects that adopt a Landscape Urbanist perspective,
highlighting their relationship to CAS. The first of these projects (from the Parc de la Villette
competition) are considered important precedents for LU thought. The next two, Schowbergplein
and the Highline are considered seminal LU works. A fifth, Almere, Oosterwold, though not typically
referenced in LU publications, is included due to its close alignment to core LU principles. A sixth
project is the OMS stage in Winnipeg, which Iinclude because of my direct personal involvement
conceiving the work.*> This final project is an architectural one situated within a landscape context
where the LU principles of indeterminacy and affordances are central to its concept. By including this
work, I hope to bridge the discussion from that of landscape into that of architectural built fabric. The
projects surveyed thus include:

Parc de la Villette, Paris: 1983 Competition entry (OMA)

Parc de la Villette, Paris: 1987 (Tschumi)

Schouwbergplein, Rotterdam: 1996 (West 8)

High Line, New York: 2009 (Field Operations/Diller Scofidio)
Almere, Oosterwold: 2015 - launching construction (MVRDV)
OMS stage, Winnipeg: 2010 (5468796 Architecture)

For each project, I provide a brief description (more detailed project documentation is easily available
elsewhere), a project image that highlights relevant features, and an evaluation matrix. These matrices
compare each of the Project’s key concepts with the features of CAS and LU strategies outlined in Table
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A project for which I was part of the design team
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1. Together, these matrices provide a way to consider each project’s relationship to CAS dynamicsin a
systematic manner. The commentary in the matrices is based upon a variety of criteria: the architect’s
commentary on their own projects, reviews of critical discourse on the projects, as well as my own on-
site observations (I have visited all of the built projects, including touring Almere, Oosterwold, with the
planner-in-charge of coordinating the development). I conclude with an overall comparative matrix
that surveys which aspects of CAS are most clearly integrated with LU projects.

Parc de la Villette (competition entry) - OMA

For this highly publicized but unbuilt competition entry, Rem Koolhaas developed open-ended linear
strips of juxtaposing programs within the park, where the heterogeneous nature of the strips could
support a range of activities, but actual use would become entrenched in response to evolutionary
processes. Koolhaas' strategy was to create affordances for a breadth of activities, and then allow each
strip to ‘compete’ and ‘evolve’ into appropriate programs. By creating a high number of juxtapositions,
he aimed to create opportunities for synergies, so that if a program was unsuccessful in one site
configuration, it might nonetheless find traction if set in another relationship to its surroundings. The
manner of rendering the site in the competition entry is deliberately cartoon-like rather than realistic,
implying that the drawings are 'suggestive’ of potentiality rather than fixed as future givens. The final
site configuration is open-ended, and subject to ongoing processes. Koolhaas states that the project
investigates, ‘how to orchestrate on a metropolitan field the most dynamic coexistence of activities

X, ¥, and z and to generate through their mutual interference a chain reaction of new, unprecedented
events’ (Koolhaas and Mau, 1995, page 921)

LA VILLETTE / OMA EVALUATION MATRIX

CAS PRINCIPLE: | LU Strategies Observed Parallels with CAS

Adaptive and
evolutionary

Described by
scale free/nested
mathematical
hierarchies.

Organized
through flows
and interactions

Subject to
non-linear & his-
torical processes

Characterized by
self-organizing
& emergent
behaviors.

Comprised of
a diversity of
agents

Create catalyzing environments that
adapt to unknown futures

YES. Strips are designed to accommodate change and a wide array of explorations of
program types

Develop overlapping, interacting, organi- | SOMEWHAT. Site is organized using seven overlapping organizational systems that
zational hierarchies interact. Each level organizes infrastructures of different scales/types; no explicit link
to mathematical scale-free systems

YES. Layers channel different kinds of flows. It is the interactions of these layers that
drive the specific evolution of the strips

Leverage infrastructure and flows

Allow for non-linear, open-ended, &
contingent transformations

YES. The site can evolve into entirely different distributions of programs in accordance
with chance historical events, changing economics, etc.

Foster process driven, emergent out- YES. There is no final master plan. The design is intended to enable emergent pro-
comes cesses rather than being a plan of a final project.

Activate bottom-up tactics & strategies ' YES. The Strips act as ‘agents’ activated by site forces that steer evolution. The
to generate use scheme incorporates a diverse, large number of strips to afford the largest number of
evolutionary explorations.

TABLE 3.2 La Villette/OMA strategies related to CAS principles
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Initial Hypothesis

The Strips Confetti

Access & Circulation Installations Final Layer All Loyers

FIGURE 3.2 La Villette infrastructural layers (image retrieved from OMA website)

Parc de la Villette, (Tschumi)

Following OMA's unbuilt project, we go to Bernard’s Tschumi’s successful entry for the Parc de la
Villete competition. Tschumi’s stated goal was to ‘construct a complex architectural organization
without resorting to traditional rules of composition, hierarchy and order' (1996, page 198). His
scheme adopts many strategies similar to that of the OMA entry, including organizing the site
through a strategy of infrastructural layering. These layers include: ‘points’ - follies at randomly
staged intersections that can accept different programs and permit unforeseen potentialities to

emerge; 'lines’- patterns of movement and circulation that produce site flows; and ‘surfaces’ - fields
of open space that can be appropriated for various outdoor programming. The follies were a result
of Tschumi's decision to shatter the 'built program’ component of the project brief into a collection
of independent, open-ended and mutable structures. This tactic is intended to, ‘provide the site for
opportunities and spatial experimentation: a place to trigger response and continuous development

over time’ (Diamond, 2011, page 25). Thus, both of the la Villette projects:

Shattered the logic of causality replacing it with an aleatoric logic of chance, always allowing possible
unusual connections. Landscapes emerged not from the organisation of spaces and volumes but from
collections of fragments in fluid fields of change, a dynamic web of interconnections realised through

layers and links (actual and virtual). (Armstrong, 2004)
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FIGURE 3.3 La Villette Follies -Program splitinto individual open-ended elements (Image by Tschumi Architects)
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LA VILLETTE / TSCHUMI EVALUATION MATRIX

CAS PRINCIPLE: | LU Strategies Observed Parallels with CAS

Adaptive and
evolutionary

Described by
scale free/nested
mathematical
hierarchies.

Organized
through flows
and interactions

Subject to
non-linear & his-
torical processes

Characterized by
self-organizing
& emergent
behaviors.

Comprised of
a diversity of
agents

Create catalyzing environments that
adapt to unknown futures

YES. Follies are intended to accommodate change and a wide array of explorations of
program types: fields are also open-ended and adaptive.

Develop overlapping, interacting, organi- - SOMEWHAT. The site is organized using three overlapping organizational systems
zational hierarchies that interact. Each level organizes infrastructures of different scales/types: ne explicit
link to mathematical scale-free systems

Leverage infrastructure and flows YES. Layers channel different kinds of flows. It is the interactions of these layers that

drive the specific evolution of the follies

Allow for non-linear, open-ended, &
contingent transformations

SOMEWHAT. It was intended that the programs of the follies would evolve, but as
executed these are much more static. However, the project may well change in the
ensuing decades, and change is not precluded.

Foster process driven, emergent out- SOMEWHAT. The overall framework of the site is fixed, although programs of
comes fields and follies are intended to emerge. The execution is both more rigid and less
suggestive of evolutionary options - being much less dramatic than the theoretical
ambitions.

Activate bottom-up tactics & strategies  YES. The Follies in this case act as the ‘agents’ that respond to the site forces and
to generate use evolve. However, Tschumi limits the number of these agents compared to Kool-
haas. Their placement, while random, is less conducive to capturing site forces, as
the number of intersections are limited. Finally, they are quite rigid, meaning that
options for accepting shifting programs are limited.

TABLE 3.3 La Villette/Tschumi strategies related to CAS principles
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Schouwbergplein, West 8

The next seminal project in the ‘cannon’ of LU is the redevelopment of Schouwbergplein in the
Netherlands. The project is intended to ‘change its identity like a chameleon changes colour’ (West

8 Website). The plaza is animated and altered by the interaction of site infrastructures that are in
some way mutable. These infrastructures include: four lighting mastheads; a tent pole infrastructure
that permits various canopy configurations; shifts in the ground plane treatment that vary in warmth
and texture to suggest different configurations at different temperatures; and water elements that,
at times, turn portions of the plaza into a wet play area. These elements offer both flexibility and

the suggestion of affordances: inviting the plaza to be appropriated for activities and installations of
varying types and scales. The four lighting masts can be reconfigured by the publicinto a huge number
of permutations - ranging from the condition where all masts form a horizontal canopy, creating a
more intimate site, to a configuration when all four are fully raised to form a vertical wall, suggesting
amuch taller vertical outdoor room. At night, the reconfiguration of the masts leads to an array of
lighting effects, spotlighting certain areas while providing diffuse light in others. These permutations
provide the site with a range of perceptual scales and atmospheres. The strategy allows otherwise
neutral ground to be ‘prepared’ to host an array of programs, responding to daily, seasonal, and user
preferences.

Schouwburgplein is a permanent urban infrastructure design to accommodacte a succession of
‘dynamic temporal’ activities ranging from skateboarding events to flee-market transaction [...] the
genius of the work lays both in its ability to catalyze transformative shifts within each urban condition
that affects normalized programmatic components. (Okigbo, 2009, page 134)
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FIGURE 3.4 Diagramiillustrating permutations of lighting masts (Image by West8 Architects):

SCHOUWBERGPLEIN EVALUATION MATRIX:

CAS PRINCIPLE:

Adaptive and
evolutionary

Described by
scale free/nested
mathematical
hierarchies.

Organized
through flows
and interactions

Subject to
non-linear & his-
torical processes

Characterized by
self-organizing
& emergent
behaviors.

Comprised of
a diversity of
agents

Create catalyzing environments that SOMEWHAT. Lighting Masts can be continuously reconfigured, though their range of
adapt to unknown futures movement possibilities is limited.

Develop overlapping, interacting, organi- | SOMEWHAT. The site is conceived as a series of layered, interacting parts that sup-
zational hierarchies port particular uses dependent upon the nature of their permutations and relations;
no explicit link to mathematical scale-free systems

Leverage infrastructure and flows YES. The site is activated at different times and seasons according to user needs. The
surface plaza is easily reconfigured to accommodate a wide range of activities.

Allow for non-linear, open-ended, & SOMEWHAT. The site elements do not evolve, but their day-to-day manifestation

contingent transformations changes according to random user events. Thus a shift in the mast configuration
(controlled by a random use) leads to the site having entirely different atmospheric
conditions.

Foster process driven, emergent out- YES. The site’s design provides a setting for emergent possibilities of use, with site

comes infrastructure offering the capacity for these uses to be hosted. There is no pre-deter-

mined notion of how the site should be configured.

Activate bottom-up tactics & strategies MINIMALLY. The design is flexible, but is not really an agent-based system. There are
to generate use a variety of infrastructural elements that are flexible, but their range of configurable
options are limited. That said, the site does support a wide range of uses due to the
number of permutations enabled.

TABLE 3.4 Schouwbergplein strategies related to CAS principles

§ 3.4.4 High Line, New York (Field Operations)
The designers of New York’s High Line project describe it as, ‘a flexible, responsive system of material
organization where diverse ecologies may grow'.** The architects generate this flexibility by conceiving
the ground as a continuous landscape of experimental permutations, providing a sampling of various
treatments and densities that thereby support different kinds of uses and programs. The specific
14 Project description, Architect’s website - Diller Scofidio + Renfro
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nature of these programs is left open-ended, with the site strategy involving the creations of different
conditions that might be activated in accordance with the surrounding contexts (and the forces these
contexts generate). Specific regions of the High Line therefore become activated in response to the
specificity of urban intersections, micro-climate conditions, and individual user preferences. There

is little focus upon pre-determining the actual nature of site use, and more focus on assuring that

the linear band of the High Line undergoes continuous permutations along its length, exploring the
iterative possibilities of landscape versus hardscape ratios. The ground plane is conceived as a series
of individual strips that can be hardscape, landscape, or ‘peeled-up typology’ where they form a range
of elevated surfaces for occupation. The designers propose a full range of gradients between these
individual surface elements. They describe the project as, ‘providing flexibility and responsiveness

to the changing needs, opportunities, and desires of the dynamic context, [...] designed to remain
perpetually unfinished, sustaining emergent growth and change over time.” (Diller Scofidio + Renfro
Website) . While the project suggests an infinite range of variations, these variations are 'frozen’ in
situ along the length of the High Line, rather than continuously adapting as iterations over time. The
flexible nature of the work is thus most apparent in the mutable form of the "peel-up’ typology, where
ultimate use is suggestive and evolutionary rather than entrenched.

AGRI-TECTURE: A FLEXIBLE, RESPONSIVE SYSTEM OF MATERIAL ORGANIZATION WHERE DIVERSE ECOLOGIES MAY GROW.
o nsations from high intensity areas (100% hard) 10 richly vegetated biotopes (100% soft), with a variety of experiential gradients in

The stristed surface tra
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FIGURE 3.5 Parametricized distribution between hardscapes and softscapes (Image credit: Field Operations/Diller Scofidio)

PEEL-UP BENCH

PEEL-UP WORKSPACE

PEEL-UP PLANTER == PEEL-UP PICNIC [

FIGURE 3.6 Peel-up Typology suggesting possible iterations (Image credit: Field Operations/Diller Scofidio)
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CAS PRINCIPLE: | LU Strategies

Adaptive and
evolutionary

Described by
scale free/nested
mathematical
hierarchies.

Organized
through flows
and interactions

Subject to
non-linear & his-
torical processes

Characterized by
self-organizing
& emergent
behaviors.

Comprised of
a diversity of
agents

Create catalyzing environments that
adapt to unknown futures

HIGH LINE EVALUATION MATRIX:
Observed Parallels with CAS

WEAKLY. The designers develop a full range of landscape permutations along the
length of the highline, but ultimate locations & relationships are fixed, not really
evolutionary.

Develop overlapping, interacting, organi-
zational hierarchies

NO. However, there is an interest in setting up a parameterized mathematical organi-
zation for the site that involves exploring a breadth of permutations of site conditions,
going from maximum to minimum ratios.

Leverage infrastructure and flows

YES. Site use is predicated upon juxtapositions between the capacities of the linear
strip walkway, and the nature of the surrounding context. The designers foresee a
contingent evolution of programs as site synergies emerge.

Allow for non-linear, open-ended, &
contingent transformations

SOMEWHAT. The use of the planting materials to adds a temporal dimension to the
site evolution, but the majority of the physical framework remains rigid once in place.

Foster process driven, emergent out-
comes

WEAKLY. Most of the site infrastructure, though theorized as ‘emergent’ is static
once executed. Unexpected programs might arise, but the overall form of the project
cannot easily transform to accommodate these.

Activate bottom-up tactics & strategies
to generate use

SOMEWHAT. Elements on the ground-plane are conceived as a series of permuta-
tions, enabling a series of conceptual configurations However, this range is ‘fixed’ at

the time of construction. The exception is the raised 'peeled-up’ surfaces that can
shift in use over time depending on how the site is occupied.

TABLE 3.5 Highline strategies related to CAS principles

§ 345
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Almere, Oosterwold: MVRDV

Almere, Oosterwold pushes the envelope in terms of providing an open-ended adaptive framework for
planning. Conceived by Dutch Architects MVRDV, the design of Oosterwold parallels key theoretical
principles of LU: it uses landscape as a central organizing element, creates open-ended conditions,
and conceives of the design as a series of programmatic layers. However, it activates these aspects at
the independent plot level, rather than at the overarching site level, leading to new potentials. The
agricultural land surrounding Almere is developed as a peri-urban condition, where rural and urban
meet. Very few control measures are put in place, other than maintaining overall land-use ratios

(18% buildings, 8% roads, 13% public space, 2% water and 59% urban agriculture) and the provision
of workable infrastructure (road, energy, sanitation, rubbish collection, public green and urban
farming). Each plot owner is responsible for developing their own site, determining the ratios between
agricultural and built/programmatic components and also managing the infrastructural requirements
for their own plot. At the same time, they must provide affordances for adjacent plots to tie into the
system. Voluntary associations of plot owners can come together to create synergetic alliances in the
distribution and densities of land use, and the coordination of infrastructure. The architects state:

The area will gradually transform the existing situation to a diverse living and working landscape. Based
on the existing qualities and