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INTRO

[Figure 1] Second Life world map 2007, and a sample of the detail level
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On cities and accessibility
Most people familiar with planning related literature recognize the notion of
accessibility. Usually it is clear what in general is meant by this concept, but the
exact meaning beyond general positive verbalization is rarely discussed. In his short
sientific interlude ‘Spatial diffusion’ Peter Gould (1969) articulated this problem.
According to Gould’s often quoted lines, accessibility “is a slippery notion”, which
becomes obvious to everybody who tries to formalize it in more detail.1 It is an irony
of its own that the definition Gould himself used in the book is so specific2 that it
is difficult to evaluate its usefulness in current branching discussions of our mobile
intensive society.
The fact that this concept of accessibility has been drawn into the discussion,
and especially its role as a decisive argument of everyday discussions, does not by
any means make accessibility an easy target for a dissertation. One could almost say
that there exists an equal number of implicit definitions for accessibility as there are
imperatives for argumentation in the first place. Everybody seems to have their own
intuitive sense of it. Despite the broad range of definitions and approved impacts
of the phenomenon on recent changes in urban life, the importance of the concept
is so great that loose everyday talk seems to do injustice to several efforts to use it
more rigorously.
The use of the English term accessibility has during the past twenty years or
so been eclectic and picked as a flavour that is quite far from the early generic
definitions. For example, even in Finland the equivalent term has been absorbed
and perceived as an evaluation criterion for social justice of the disabled minority.
This specific definition is not my research interest, despite its obvious importance
for discussions in built-up neighbourhoods. This ‘accessibility’, no matter how
important it is for that particular interest group, is so specific that it screens out a
great number of denotations that penetrate the major problems of urban change.
Instead, in the Anglo-Saxon planning tradition, there is found an older branch of
research that is bound to transportation and other gravitation modelling based on
spatially oriented studies involved with traffic – land-use interaction processes. For a
more consolidated definition of accessibility it is of major importance to transmit this
general systems theory level understanding to agent level understanding without
losing the big, serene picture and stumbling into inviting details on a local scale. Or
to put it more precisely: How should one understand the emerging urban structural
evolution from the perspective of agent-level accessibility?
In general discussions, accessibility usually means the possibility of an individual
or group level reaching one another or attaining goods or service. Even in this most
generic sense, there are ample starting points for theoretization. First of all, it
1
“Accessibility is a necessary, though not sufficient, condition for development. It is a slippery notion,
however; one of those common terms that everyone uses until faced with the problem of defining and measuring
it!” (Gould 1969, 64)
2
The previous citation continues with a sentence that explains what I mean by the specificity of Gould’s
definition. It goes as follows: “As a surrogate measure, we shall use the density of roads, noting the ways in which
accessibility diffused through Ghana…” (ibid.)
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[Figure 2] Giovanni Battista Nolli (1748) map of Rome.
Publicly accessible spaces are shown in white

explicitly defines agent of action (actor) and destination of action (object). Secondly,
it implicitly contains means of separation (actant) that motivates the activity
(action). Accessibility is, therefore, always spatial and also potentially equivocal or
case dependent. Therefore the challenge is to come up with an indicator or measure
that covers these inbuilt features of diversity and ambiguity.
Before I start the actual theoretical decomposition, it is worthwhile elucidating
the introductory discussion with two examples dealing with uncertainty in two
major spatial characteristics: locations and distance between them. There is a
common agreement that there are essentially also spaces to which we not have
access. Therefore we can state that accessibility does not mean overall freedom of
movement, but more properly
it is a matter of degrees of
freedom governed by physical
structures, social conventions
and legal permissions. I have
chosen an example from a
classic work of cartography to
express this, shown in Figure 2,
Giovanni Battista Nolli’s map of
Rome from 1748. It depicts the
open, publicly accessible urban
sphere, elucidating extremely
well these profound restrictions
of accessibility.
In Figure 3 it can be seen that
in Nolli’s Rome a surprisingly
large portion (40%) of the
surface is rendered as urban
public sphere. Naturally the
usefulness of this rough index of accessibility is quite limited, and due to its ancient
normative basis also difficult to utilize. In attempting to make comparisons, the
problem, of course, is the concept of publicality, in the sense of the quality of being
open to public observation. For example, if we try to make a comparison with the
sparse Finnish urban structure, we may realize that clearly public parks, roads
and accidental public interior spaces cover only less than 20% of the surface of an
ordinary low-density residential area. On the other hand, the concept universally
accepted in Finland of everyman’s right (jokamiehenoikeus)3 gives ample additional
freedom beyond the immediate private courtyards and gardens. Such important
and other very detailed property rights related issues must be excluded from the
present thesis because, as I will show later, the concept of accessibility in itself
creates far greater limitations to notions of publicality. This is because the public
sphere is not really ‘public’, but merely a purely theoretical term. In practice we only
3
The Finnish and more generally the Nordic version of legitimate praxis provides the right to free
access to land and water and with certain limitations for the collection of natural products. In the UK the closest
assimilation is the notion of the ‘right to roam’ and in the U.S. the ‘freedom to roam’.

have access to a minor subset of all potentially available public space, and space as
a public good becomes by and large a club good, that is, a restricted good. This is
an essential characteristic of accessibility and is well articulated in the concept of
friction of space, which is an intrinsic feature of gravity- and utility-based modelling
that guides the subsequent thesis development.
Nolli’s map can also guide us into even deeper interpretations of accessibility. It
may be obvious, at least to those without an educational background in architecture,
that the dense urban structure of Rome in our example is 40% ‘empty’4 – a nonexisting void created by its envelop. Therefore, paradoxically, this loose-fitting density
is not a characteristic of any particular object, but more properly a morphological5
and configurational6 entity. Hence we assume that these are properties that require
a deeper understanding of objects as collective entities that manifest their outer
world linkages.7

Moreover, Rome serves as a fine example for problematizing the role of
accessibility in present-day urban structures. It is clear that this sample area around
Piazza Navona is heavily dominated by pedestrians. But it is also equally clear that
even though most of the locations in the map are easily accessed on foot, it was
and still is urgent that shopkeepers and salesmen could have proper contact with
suppliers and manufacturers on the further periphery. We may thus recall that
accessibility is a scale dependent property. From the point of view of the present
day, this is related to competing means of travelling or modes of transport.
When focusing more deeply on the details of this question, one must consider not
only locations but also their positions relative to each other. This field of potential
activities is articulated according to the agent’s preferences and social practices. It is
not possible in the present study to trace and cross-tabulate all potential activities
4
And this is when only its ‘public’ side is taken into account.
5
On the pattern and structure of entities, see. 1.2.2.
6
On the internal organization of entities, see. 1.2.3.
7
Certain people would categorise the approach of this study as relativistic, so a brief explanation may
be due. Despite the heavy load of relativity and relationality in the terminology, the approach of the present work
is far from an anything-goes relativism. If the term relativism is adopted by the reader, hopefully it is done in the
sense of Bruno Latour’s reading of Gilles Deleuze: “Relativism is not the relativity of truth but the truth of relation.”
(Latour 2005, 95) Much of the background attitudes of this work are due to Bruno Latour’s Actor-Network Theory
(ANT) sociology, even though it is not directly a contribution to it.

[Figure 3] Nolli map of Rome: publicly non-accessible parts are shown in red, accessible
parts in green. The red, ‘privatized’ area covers approximately 60%, while the ‘public’, green
proportion approximately 40% of the overall surface
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and lifestyles. Accessibility here is understood as a mediator and boundary condition
for a pool of multiple, spatially distributed affordances. It is evident that at some
point in life individual focuses change from night-life related affordances to day-care
related ones or from department store and boutique affordances to hardware store
ones. But more important for us than these changing preferences is how accessibility
operates in proximities of this type of activities in general.
The first tentative conclusions that can be drawn from the scale dependent nature
of accessibility are found in notions such as friction of space and inertia of space.8
Spatial resistance is a commonly accepted key feature that is built into such concepts
as traffic planners’ impedance or deterrence function, urban economists’ transaction
costs or the distance decay of geographers. It is therefore a major variable in the
theoretical framework of this study. Second, and equally important, is the agent
level information that can be derived from space itself. The relation of accessibility to
available information and information technology (IT), which potentially speeds or
augments it, is a major branch when evaluating future changes in urban structures.
We sense that IT has the special potential to lower transaction costs significantly,
but so far we have only seen activities such as banks and bookstores disappear.
Yet there is no clear picture of how dramatic this change eventually would be. The
most interesting projection is found in the interrelation of space and its information
content. It can be argued that streets are far more than transmitters of daily mobility.
Jane Jacobs (1961) was clever enough to realize that streets actually are the most
important user interfaces for an urban collective lifestyle. Digital technologies allow
us to obtain information from locations of whose existence we were unaware. The
potential is currently largely used on a global large-scale information flow, which
has already caused the same major changes in our practices of everyday life. And
this is only information that is too far from us to cause an intimate response. When
these techniques are harnessed to augment reality just around a blind corner in the
immediate neighbourhood we have entered into a topic that is discussed mainly in
science fiction. This is unfortunate, since we are already just about there. From the
perspective of the present study, however, it is enough to recognize that that central
location now and in the future must also be included in the nexus of affordances in
all means of information.
Even though physical limitations undoubtedly play a significant role in the
development of cities and their centres, the following example is chosen to prove
that the broad picture is heavily dependent on information accessibility. This is best
seen by looking at virtual environments that are essentially free from many real
life (RL) limitations. The following set of pictures (Figure 4) shows the successive
development phases of AlphaWorld (AW).9 It is clear from this sequence that the
development is far from uniform; so presumably some locations are easier to
8
The former can be understood as a microscale feature that resists short-term movement, and the
latter as a macroscale tendency to retain the existing course of development that is already realised and approved
in existing complex spatial interconnections via constituent agents.
9
AlphaWorld (AW) is one of a thousand virtual environments hosted by ActiveWorld Inc (www.
activeworlds.com). A decade ago AW was one of the most advanced virtual worlds and introduced and combined
several features that have come to common knowledge through Second Life (SL). The novelties of AW include
an implementation of AlphaWorld Standard Time (AWST) that originated from the social syncronization needs of
virtual life. This time zone was chosen to be mid-Atlantic (i.e. GMT -2 hours), which no country uses in RL. This has
been adopted by other communities and is known as Virtual Reality Time (VRT). There is an extensive summary of
development of AW in (Dodge & Kitchin 2001, 153-165).

[Figure 4] Development of cenrtal Alphaworld between 1996 and 1999 (in colour) and entire
world between 1997 and 2004 (black-and-white)
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access than others. Most surprising is that in fact the AW structure actually does
not significantly differ from the structure of RL cities. But the unexpected feature of
the emerging centrality pattern becomes even more surprising when it is realized
that AW allows its inhabitants to navigate through teleportation and thus all location
should be equally accessible! This striking similarity between AW and RL is even
more astonishing for the urban planner on realizing that the city form is in fact based
on a lack of rules. Thus it is a testbed of self-organized anarchy, or as Dodge and
Kitchin put it, at least an absence of major common regulation patterns: “There are
no planning laws, urban policies, or zones of development and inhabitants can lay
claim to and build on any empty plot of land that has not been built on by others.
Moreover, there is no limit to how much land that can be claimed.” (Dodge & Kitchin
2001, 158)
It is noteworthy that in Second Life (SL) (Figure 1), where the world is divided into
multiple tiles, the centrality phenomenon does not create a similar unified pattern as
in AW. The SL orientation is based on uniquely named tiles, but equally comparable
on accessibility based on acknowledged locations. The only difference is that SL
reflects the logic of information accessibility behind branding and advertisement
based strategies.
Extending the concept of accessibility to information that can be acquired from
the physical environment, we actually approach the profound aspects of collective
behaviour. In this thesis it is not possible to jump into information accessibility more
than is necessary to understand currently existing formation. By taking a closer look
at the development schemes of IT or, for example, William Mitchell’s trilogy (Mitchell
1995, 1999, 2003) of its impacts on architecture, we can only assume that this is the
most vigorously changing aspect of accessibility.10 In spite of this, it is something of a
relief to realize that centres or at least centrality and accessibility are in one form or
other decidedly universal structures. Thinking of the AlphaWorld example, not even
the major omission of regulations and transaction costs makes centre formations
disappear. We clearly only need a certain re-evaluation of existing agglomeration
benefits and costs.
Social and economic aspects are clearly inseparable from built urban form.
Our aim is to explain or at least peek behind the stage of this social process that
manifests in everyday actions. We therefore continue with Bruno Latour’s phrase:
“The social has never explained anything; the social has to be explained instead.”
(Latour 2005, 97) My main motivator has been the typomorphological research
tradition that for decades tried more or less successfully to understand how the
characteristics of urban life are written into the urban pattern. Methodologically this
contribution owes a great deal to the theory of space syntax that has been a great
source of inspiration for me and to which I have been contributing, more or less
successfully, during the last five years or so. Yet to me it seems that space syntax
ideology is still bound too compellingly to the significant early text The Social Logic
of Space by Bill Hillier and Julianne Hanson (Hillier & Hanson 1984), even though
major development around key analysis tools has wiped away the dustiest parts
10

For more detail see: Couclelis 1996; Kwan 2000; 2001; Dijst 2001.
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of the original assumptions. Now, twenty five years later, it is a relief to realize that
the ‘social’ aspect of the title has been sliced into almost unrecognizable pieces
and therefore carries arguments Latour uses to criticize the entire discipline of the
“sociology of social”.
The argumentation is based on three different isomorphic descriptions: text,
mathematical formulas and images, with an attempt to synchronize these to tell
the same story three times whenever reasonably possible. Thus images are not
illustrations in a narrative sense, but the most effective way to understand the extents
of argumentation. The mathematics provided within the text is not considered as a
‘proof’ of any kind but more as the most condense form of explanation available.
The same story that runs in mathematical formulas is also told and incorporated
into plain text and corresponding visual representations. The attempt is, therefore,
to find alternative descriptions and explanations for a continuously reassembling
uneven urban fabric through a more general theory of accessibility. Adjusting
Latour’s remark a bit towards the topic, the key phrase of this thesis is: “Centres have
never explained anything; centres have to be explained instead”. The study presents
a generic definition for accessibility and utilizes it as an explanation for the urban
restructuration process. Therefore, the stepwise research strategy is threefold:
•

Chapter 1: Clarify the conceptual framework by shedding some light on
tacit background assumptions and stripping away some overwhelming
historical baggage that many of our concepts are burdened with.
• Chapter 2: Derive a suitable modelling apparatus for analyses.
• Chapter 3: Test the empirical data for the suitability of the conceptual and
modelling agenda.
The contribution of the dissertation lies in enhancing the understanding of
the processes behind the current sparsely populated urban field of activities by
strengthening and unifying the theoretical bases of accessibility and its fundamental
characteristics in the emergence of contemporary urban structures. The work
contains preliminary evidence that multi-centrality is an endogenic property of
accessibility based modelling schemes and that the urban transformation process
from the monocentric city to the polycentric urban field is adequately explicable
only by a disaggregated multi-scalar and multi-agent process. The emphasis of the
work is more on the development and demystification on theoretical grounds of land
use transportation modelling than on precise observations and future prospects of
actual built-up structures. A special effort is made to position axial map analyses and
fundamental concepts of the so-called space syntax school into the field of urban
modelling in order to show its characteristics as an accessibility model.



CHAPTER I

[Figure 5] Kees Boeke: Cosmic View – The Universe in 40 Jumps (1957)
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Theoretical preliminaries
The motivation behind this opening chapter is to define basic concepts of spatially
oriented research, and to find traces of how spatiality is understood in the research
literature and of the ontological bases for spatial conceptualizationing. Moreover,
it defines the basis of quantification, strengthening the connection to mainly
descriptive morphological traditions by exploring the principles of quantifying
spatial entities in relational space. In the later part of the chapter the key problem
discussed is how the morphological tradition helps in understanding the problem
of urban hierarchies and how the very term ‘hierarchy’ reveals the main source of
misunderstanding in current planning. Finally, it is explained how this picture seems
to be breaking apart with novel conceptualisations of urban order in the era of
third modernization and how planners perceive the city that has grown out of the
traditionally understood boundaries of urban nuclei.

1.1 Urban spatiality

T

he basic problem of explanation in urban development is always whether
to concentrate more on people or on urban form. William Alonso, a
great contributor to the theory of land rent, sometime at the dawn of the
quantitative geography of the early 1960s stressed the importance of not talking
about problems in the city, but about problems of the city. The severity of these
seemingly contradictory approaches has later been rather commonly considered
somewhat arbitrary. David Harvey, a writer who contributed to both the positivist
and radical Marxist disciplines of geography at the turn of the 1970s, has explicitly
outlined the two common deterministic fallacies arising from these very strong but
unnecessary oppositions. Such deterministic caveats could be termed determinism
of physical structures and determinism of social processes.11 The solution must be
sought inbetween. In Harvey’s own terms: “It is perhaps more reasonable to regard
the city as a complex dynamic system in which spatial form and social process are in
continuous interaction with each other. If we are to understand the trajectory of the
urban system, we must understand the functional relationships which exist within
it, and the independent features in the social processes and spatial form which can
change the line of that trajectory.” (Harvey 1973, 46; see also Harvey 2000, 111-114)
To avoid obvious extremes of conceptual reduction, one ought to redefine the
concept of complex space with necessary interaction between social and spatial
processes. A lot of intellectual discussion around current postmodern, dissolving,
networking, recombinant, splintering, etc. urbanism has taken place in the past
30 years in grappling with the inevitable fact that present social practices erode
11
“There is considerable evidence that the physical environment does not play as significant a role in
people’s lives as the planner believes. Although people reside, work and play in buildings, their behaviour is not
determined by buildings, but by the economic, cultural, and social relationships within them.” (Gans 1969, 37-38
cit. Harvey 1973, 45-46) After this citation Harvey continues by stating: “It is unnecessarily naïve to think in terms of
simple causal relationships between spatial form and social process (whichever way we choose to point the causal
arrow).” (ibid. 46)

1.1 Urban spatiality

and rebuild physical structures of the past states of urbanism. In that sense, these
approaches can be grouped together to follow the theme that Manuel Castells
outlined some 30 years ago as a theme of the social production of spatial form (Castells
1972/1977, 17), which aims to give a deeper internal perspective on the formation
of urban space. The most notable change is the vast amount of reconceptualizations
trying to escape the presumed necessity of physical formations on the bases of
previous development stages (historical essentialism). Unfortunately the possible
urban worlds are too loosely defined in spatial terms and incapable of differentiating
the possibility concept any further. In fact, without spatial ties (other than those it
tries to escape), this discussion is incapable of even excluding the ‘impossible urban
worlds’ and thus leads to exaggerated necessary demands of an arrivistic future
with the ultimate dematerialization of space where everything is reduced to the
space of flows. These spatially underdetermined conceptualisations fail to describe
the complete ‘spatiogenesis’, simply because they lack the basic mechanisms that
restrict and guide and even channel and manipulate the possible urban worlds via
physical entities. We aim to bridge inbetween this deep convolutedness of the social
and spatial with a configurational approach, to start again from the other end – the
spatial one.

1.1.1 Working hypothesis on accessibility and levels
of spatial awereness
Spatial and social relationships blend together in urban conciousness to the
extent that it would be pointless to try to deny or even promote one over the
other. In his book The Continuing City James E. Vance Jr. uses the words of a famous
statesman to summarise this idea in terms of a dilemma within the entire discipline
of urban research:
“Winston Churchill asserted that we shape our houses but then they shape us. Without
interpreting that view to imply a rigid, simplistic environmental determinism, I argue that
they do indeed shape us more than most social scientists and normative economic and
social geographers would allow. To a very great extent, geographers in recent decades
seem to have rejected a rigid environmental determinism only to become dominated by
behavioral explanations of economic and social process. Arising from a long-left craving
for some sort of normative process, some modern expression of the law of symmetry, to
explain the indigestible wealth of fact, this emphasis has become so strong as to result in a
near abandonment of any real concern for the study of morphology and the delination of its
physical process.” (Vance 1990, 4)

The subtitle of Vance’s book – Urban Morphology in Western Civilization – refers
directly to urban morpology, but its entire content is dedicated to a description
of how social and political demands took shape under the ‘laws’ of social and
economic behaviour.12 His approach stresses evolutionary over revolutionary
creation and the subsequent transformation of a city form – morphogenesis (ibid.
38). The approach of Vance is highly consistent with the previous citation from
12
A doomsday version of this same interconnectivity is found in Jane Jacobs’ words: “Decaying cities,
declining economies, and mounting social troubles travel together. The combination is not coincidental.” (Jacobs
1961/1993, xviii).
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Harvey, even though it uses quite different terminology. Both writers have chosen
the same type of description. More generally speaking, spatial conceptualisations
can be encapsulated by two different types of description that are possible when
discussing systems; those of state and process descriptions.13 Both Vance and Harvey
rely on the latter. To move toward and occasionally bridge over this rupture, we must
start with basic concepts and conceptual tools that are somewhat technical. In the
development of a framework for a working hypothesis it is necessary to refer to the
following frequently used, interrelated primary concepts: structure,14 process15 and
agent.16
The bottom line for implementing these concepts is our ability for mereological
separation17 and the notion of time.18 This thus leads to two further remarks. First,
13
Herbert Simon sees them as the warp and weft of our experience. State descriptions characterise the
world as sensed, while the world as acted upon is the nature of process descriptions. The first are typically pictures
and diagrams, while the latter are recipies and equations. Simon’s simple example of this apprehending structure is
as follows:
“‘A circle is the locus of all points equidistant from a given point.’ ‘To construct a circle, rotate a compass
with one arm fixed until the other arm has returned to its starting point.’ It is implicit in Euclid that if
you carry out the process specified in the second sentence, you will produce an object that satisfies the
definition of the first. The first sentence is a state description of a circle, the second a process description.”
(Simon 1962, 479)
The same profound classification can be found for the bases of the theory of architecture and urbanism in Françoise
Choay’s The Rule and the Model in inverse order (Choay 1980/1997).
14
In general terms, structure can be defined as the way various things are constructed, and the manner
of construction is seen from the arrangement of its parts. More broadly, structure can be seen as a composition of
knowledge as elements and their combinations or a cohesive whole built up of distinct parts.
15
The etymology of a word process is in Latin processus, meaning movement. Generally speaking, we
refer to this term as a sequence of changes of properties in an entity.
16
In the field of economics the concept of agents already existed in the economic theory of Alfred
Marshall. He made an explicit notion of organizational agency that is necessarily differentiated from the upper-level
agents of production (Land, Labour and Capital) and the lower level agent of man that at the same time serves as
an end and the means of production (Marshall 1890/1898, 214).
17
I.e. the ability to distinguish parts from wholes. Note that the issue is all but trivial when we later
move into the analysis of physical urban structures.
18
The metaphysical quarrel about the nature of objects and events contains some additional
complementary hypotheses. Casati and Varzi (1999, 171-182) have recalled the principles that allow spatiotemporal analogies. According to them, for objects these are as follows:
•
An object (a) has a limited extension and an unlimited duration; (b), it can not take up the whole of space,
but it could take up the whole of time; and (c) there must be room in space for many objects, which may
or not overlap temporally.
•
An object can, at different times, take up the same space (rest, endurance) or different spaces, normally of
the same size (locomotion, endurance).
•
Characteristics of an object is that at any time when it exists, it is present as a whole, and not just in part.
•
When an object has first one property and then another, contrary property, it is the whole object –
not different parts of it – that has these properties. By contrast, with events we can always refer such
temporary properties down to temporal parts.
•
An event does not have spatial parts in any way that is to be compared with (or understood by reference
to) its relation to its temporal parts.
•
An object cannot be at different places at the same time, unless its spatial size is greater than the interval
between the places.
For events the principles are as follows:
•
An event (a) has a limited duration and an unlimited extension; (b) it cannot take up the whole of time, but
it could take up the whole of space; and (c) there must be a room in time for many events, which may or
may not overlap spatially.
•
An event can, at different places, take up the same time (occurrence, extension) or different times,
normally of the same length (“propagation”, extension).

1.1 Urban spatiality

any state of agents may be observed as a structure, and second, each structure
represents in its form the necessary relations at the time of observation. Possibly
we can make a further definition by saying that structure is the stagnated state of
flowing agents. Therefore, any structure can be seen from the standpoint of agents
as a static state or any agency from a structural change point of view. Thus the
relationship between structures and agents is commutative. Using the terminological
interplay between state and process descriptions, we may use Amos Hawley’s clearcut definition, originating from John Dewey, and declare that structure is function at
rest, while function is structure in motion (Hawley 1986, 27 cit. Dewey 1925, 71-72).
Moreover, on occasions when the stage of dynamism is left unemphasized, the term
arrangement is favoured over (All of these concepts come together in a systemic
framework that will be discussed in more detail in the modelling section in Chapter
2). The difference in terminology is largely a matter of the state dynamism of an
interpreted system.
At this point of general definitions, suffice it to conclude that the system as an
overall form or organization of something can therefore be seen as a set of distinct
entities (structure perspective) or as a change in the overall appearance of a whole
(process perspective), and therefore separated by previous stages in the temporal
dimension. Alternatively, the system may be seen as an outcome of an interaction
of its parts (agent perspective). All these different representatations are by and
large isomorphic and therefore different facets of a real world problem. Moreover,
the spatial interaction can therefore be seen from a more static perspective as the
inertia of structures.19
Within the context of urbanism, it is necessary to absorb the perspective of
multiple agency. By this I mean the intuitive notion that interacting parts in urban
systems cannot easily be reduced to agents of a single type. Moreover, it seems fair
to state that agents occupy locations more or less permanently and therefore form
a set of entities that are potentially incomparable.
Starting from the duration (or the time scale of interaction) of agents, at least
•
•

It is characteristic of an event that at any place where it exists, it is present as a whole, and not just in part.
When an event has here one property and there another, contrary property, it is the whole event – not
different (spatial) parts of it – that has these properties. By contrast, with objects we can always refer such
local properties down to spatial parts.
•
An object does not have temporal parts in any way that is to be compared with (or understood by reference
to) its relation to its spatial parts.
•
An event cannot be at different times at the same place, unless its temporal size is greater than the interval
between the times.
It is clear that the above principles are isomorphic, which means that under these assumptions objects can be
mapped to events and vice versa. I leave the discussion of ontological foundation here and take the principles as
granted. I shall tangent these ontological foundations only briefly in Section 1.2.1 on mereotopology and 2.2 on
systems theory.
19
This can simply be interpreted as a systemic tendency that retards alteration in agents’ relations.
This resistance of large-scale systemic changes is to be understood differently from the common notion of social
inertia, which usually means a person’s or society’s resistance to change due to habits. Instead, a more appropriate
explanation is found in the perspective of classical mechanics developed from the works of Gassend, Galilei,
Torricelli, Decartes, Cavalier and Newton. Inertia is thus a systemic principle resulting from a local level motion
that remains constant unless acted upon by a force from outside. Inertia therefore does not refer to a static
unchangeable structure, but a “frozen moment” of the structure that is under internal pressure of alteration via its
statically moving components.
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three levels of awareness of spatial interaction can be defined: the morphological
level, the activities level and the actions level. Changing from agent-based definitions
to structural-based definitions, these can alternatively be called the spatial
structures level, the institutional structures level and the actor structures level.20 At
the lowest level the interacting parts can be seen as morphological units (houses,
road segments, built-up areas, etc.) that typically have a lifespan of centuries.
The second scale is the agents of economic institutions (companies, zoning laws,
etc.). Finally, the most fluent interactions are those where individual or family level
decision-making is involved.21
The main task of this study is not to focus on any particular level of interaction,
but rather to strengthen the preliminary hypothesis that regularities between these
levels can be found and that they are also strongly interrelated. Intuitively speaking,
we may assume (without falling into environmental determinism) that the lower
level regularities (morphology/infrastructure) strictly determine the upper level
agent (individual) behaviour only if they are only suitable choices. But naturally they
are not capable of overruling lower level agents’ decisions in the case of several
subtle affordances. Yet these lower level structures can provide alternative choices
that are competing alternatives for upper level agents’ preferences perspectives.
And conversely, the redefinitions in upper level agent preferences may result in some
restructuring of urban clusters and redirect upper level agents’ further behaviour.
This hypothetical division sheds some light on the concepts of mobility and
accessibility which are commonly used in traffic planning, but in fact are largely an
issue of urban form in general. Mobility can be understood generally as the ability
and willingness to move. Therefore it is clearly defined on the bases of agent level
decision-making. Accessibility, which is closely connected to mobility, on the other
hand can be seen as an opportunity to reach services from a certain location.
Accessibility is then more clearly related to locational characteristics and describes
potential and relative easiness determined by the surroundings. The working
hypothesis of this study is that accessibility is the driving force of urban development
and the primary connector between these different levels of spatial interaction.
Therfore, my counterargument to Gould’s remark cited in the introduction is that the
concept of accessibility is both necessary and sufficient for urban development.22 The
main reason for disagreement with Gould’s haphazard comment in a study on an
entirely different topic is explicable through a more precise definition of accessibility.
The general definitions of accessibility and mobility are partially overlapping and
20
I have understood that the proposed definition is closely connected to Gabriel Depuy’s concept of
l’urbanisme des réseaux (network urbanism), where the structures are specifically defined as non-hierarchical
interconnected networks (Alppi & Ylä-Anttila 2007a, 13-15; Alppi & Ylä-Anttila 2007b, 73-76).
21
From the urban modelling and geosimulation point of view, counterparts can be found in land cover
modelling, land use modelling and traffic modelling. See, for example: Benenson & Torrens (2004) and Wegener
(2005).
22
To state ‘necessary and sufficient’ we would in fact argue causality that in the light of present-day
science would hint at the ultimate determinism that is a concept of formal logic and nearly impossible to either
deny or justify in a case of urban development. My concept of accessibility is not (in contrast to Gould’s and several
other measures of accessibility introduced in Chapter 3) a single measure, but multiple measures (a potentially
infinite set) determined by entities. Hence I stick with a hypothesis that helps me to move to the discrete world of
urban modelling in Chapter 2.
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therefore easily sources of false conclusions. Functional, actor-based definitions
of accessibility in particular may to lead to biased modelling. Technically it is fairly
simple to calculate indices of accessibility for various activities, but how reliable or
how stable these results are is a totally different matter. Also, it is not uncommon
to see measures of accessibility being grouped together without evaluation of the
durability of the ‘service’.
It is even more easy to see that indices of accessibility that are related to
institutions (no matter whether commercial, administrative or transportation
related) such as workplaces, retail or public transport change often, if not annually,
or at least in decennial intervals. This more dynamic approach seriously challenges
the ceteris paribus23 assumption hidden in transportation models, which is simply
too naïve when posed against adapting land-use activities.
It would not be unfair to state that accessibility to activities too often puts
unnecessary weight on a static assumption about them. From the activities’ point
of view, accessibility is obviously a question of exploring the potentials of spatial
structures. I argue that accessibility, although heavily dependent on human flow
networks, is mainly a concern of planning not transportation. This is because issues of
accessibility are not dealing with potential created by static physical or organisatorial
structures, but rather with structures defined by two intervening levels of the spatial
structures and activities it hosts (see Chapter 3 for further discussion).
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O

ne of the main proposals of Henri Lefebvre is to shift the interest from things
in space to the production of space. It is irrefutably true that physical space
can be cut and sliced into countable and measurable geometric pieces, but
almost as self-evident that everyday practice is highly interconnected with it. Space
appears different whether considered as perceived, conceived or lived reality. Even
though physical space serves as a ‘container’ for social practices, the social practices
are also the shape finders of spatial realizations as agents of this spatiogenesis.
Objectified space becomes a product, or in Lefebvre’s own words: social space is a
social product. Space is therefore a complex conceptualization neither idealistically
transparent, “as giving action free rein”, nor a materialistically realistic object to
analyse by ‘pure thought’ (Lefebvre 1974/1991, 27-46).
For urban planners and urban planning alike, the most important feature of
reality is the existence of space. The difficulty of definition has been known for
thousands of years. According to Tao Te Ching, the classic text of Taoism attributed
to Lao Tzu, the hub of the wheel is the empty space to which the spokes connect.
The examples of a vessel or bowl, which are essentially the empty spaces that make
the artefact itself useful, are also prime examples of “non-existing” space that serves
as a container.
23
The argumentation here follows the nature of dynamic systems as not completely decomposable.
I shall return to the problem later in the thesis. The early discussion on the incompatibility of ceteris paribus and
interconnected systems is to be found in the paper “Two Theorems on Ceteris Paribus in the Analysis of Dynamic
Systems” (Fisher & Ando 1962).
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But if we approve of this ‘producthood’ of space, it is also possible to observe
various aspects of it. We realize, for example, that space, not just a specific space but
space in general, has a structure and a history in itself. Whether seeking products
in space or discourse on space, we realize that the process of production is always
an intrinsic part of an immediate whole (ibid. 37). How then is this omnipresent
space decoded or read? Ontologically, the existence of space is bound up with the
process of signification: “And even if there is no general code of space, inherent
to language or to all languages, there may have existed specific codes, established
at specific historical periods and varying in their effects.” (ibid. 17) The advantage
of this method is to reveal the social and spatial practices inherent in the forms in
historical discourses and thus form knowledge of space beyond any code of space.
In his theory of space Lefebvre makes a strict division based on levels of knowledge
between physical, social and mental procedures that are non-intersecting and
necessarily divided by a rupture. Lefebvre is “concerned with logico-epistemological
space, the space of social practice, the space occupied by sensory phenomena,
including products of the imagination such as projects and projections, symbols and
utopias” (ibid. 12). This corresponding triad of perceived, conceived and lived reality
can also be conceptualized in spatial terms as spatial practice, representations of
space and representational space (ibid. 40). Due to the complexity of social and
spatial relations, Lefebvre calls for the elimination of one-to-one correspondence
between social actions and social location, between spatial functions and spatial
form. Following the theme of my hypothesis, my objective is to obtain a slice of
these three realms and targets on models as spatial representations. These
representations are in fact second-order spatial conceptualizations, just like any
other description (verbal, mathematical, pictorial) of space. Moreover, they operate
on all three levels of the lefebvrian triad of space, since they are systems that are
abstracted from all three. In urban modelling generally, the emphasis between these
three varies a great deal, but at their best they succeed in representing complex
space as outcomes of the physical environment of social process under mental
knowledge and behaviour.
In getting a grasp of space as a second-order representation, we face the
traditional problem that can be grasped only through a reduction or via a definition
of other entities. That is to say, space can be made understandable by surrounding
it; by defining its borders. This kind of notion of space – i.e. space as a void – is the
reality an urban planner faces daily. This is the planned, or if you like, architectural
space that is formed as the leftovers of building activity, or to put it more precisely,
the activity that has its origin in the principles by which buildings are placed and
settlements formed; the space that has the form of a container and which facilitates
or limits the use of it. This somewhat over-simplified, over-generalized and overeverything but in a practical manner divine point of view gives us a foundation
for a more profound analysis of how the spatial reality has been interwoven in
planning practices. Objects are confronted with voids and form space to create a
configuration to host urban activities. According to Harvey, in Western geography
the tradition of understanding space as a container was introduced by Immanuel
Kant (1775) (see Harvey 1969, 208). Harvey follows Karl Popper and defines this
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Newtonian originating notion as absolute space, which serves as a certain kind of
‘filing system’ for observations and therefore forming an a priori type reference
framework. The notion of space in architecture is very similar to this NewtonianKantian world, where voids and solids can be seen as complementary one-to-one
volumetric representatations, as can be seen from the simplified picture by William
Mitchell or the corresponding 2-dimensional Nolli map derivatives mentioned
earlier (Figure 6).

[Figure 6] Volumetric representation of space (Sources: after Nolli; Mitchell 1990, 49)

1.2.1 Spatial conceptualizations
During the period 1969-1982 Harvey published three books (Harvey 1969;
Harvey 1973; Harvey 1982) that ruthlessly questioned the static nature of spatial
analysis carried out among geographers. Harvey’s contributions led by and
large to a paradigm shift, a changing focus in geography from natural sciences to
social sciences (Paterson 1984). In my opinion this division in the spatial world is
somewhat arbitrary and exaggerated. The main problem in successfully uniting
these approaches was more pragmatic than theoretical. At that time “the problem
with the spatial-form – social-process translation, however, is that there are no wellestablished rules for it.” The present study aims to shed some light on these rules,
but also argues that basic mathematical tools and modelling aparatus in fact cover a
great part of the research needs.
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The research plan is to use Harvey’s argumentation in reverse, and move back
from relational spaces through relative ones to absolute definitions of space, with
the positive thought that if geometry-based conceptualizations worked once why
not return to them? Thus the key issues are discussed through a harveyan triad
of spatial conceptualizations – the existence of absolute space, relative space and
relational space. Let us take the definitions of these from Harvey himself:
“To say that space has absolute properties is to say that structures, people and land parcels
exist in a manner that is mutually exclusive each of the other in a three-dimensional,
physical (Euclidean) space. This concept is not in itself adequate conceptualization of space
for formulating urban land-use theory. The distance between points is relative because it
depends upon a means of transportation, on the perception of distance by actors, and so on.
We also have to think relationally about the space for there is an important sense in which a
point in space ‘contains’ all other points (this is the case in the analysis of demographic and
retail potential for example and it is also crucial for understanding the determination of land
value, as we shall see later on). But we cannot ever afford to forget that there cannot be
more than one land parcel in exactly the same location.” (Harvey 1973, 168)

This compact citation encloses a deep thought that needs to be discussed
in rather more detail. The difference between absolute, relative and relational
space is essentially attached to the measurability and therefore a common
reference framework – any common reference framework, that is. In the case of
the absolute notion of space, space forms an a priori reference world and is best
understandable as a void. In the case of the relative notion of space, the space is
essentially a distance. And finally, in case of a relational notion of space, space is a
product of multiple interactions. Harvey continued four years later by stating that
“Further, space is neither absolute, relative or relational in itself, but it can become
one or all simultaneously depending on the circumstances. The problem of proper
conceptualization of space is resolved through human practice with respect to it.”
(Harvey 1973, 168) Therefore the harveyan triad of space provides a useful tool for
orienting in defining measures of space, even though it does not say much about
them.24
To adopt a slightly more formal approach as applied in Geographic Information
Science, we can give an additional designation for a ‘true geographic space’. It is
characteristic to it that locations themselves are un-biased and therefore consist
of: (i) a set of distinct, definable entities, and (ii) a set of rules for determining the
degree of separation between them (de Smith 2003, 90). The most common way to
define a location is the one that Rudolph Carnap defined as a space-time language
that covers a four-dimensional co-ordinate system as 4-tuple {x, y, z, t} (Harvey
1969, 215). Despite the familiarity of the definition, it is important to differentiate
it from the concept of metric, since it is the only verification of measurability of
given entities. The metric definition is derived from the rules that govern the degree
of dissimilarity. In the case of conventional space-time language, metrics is defined
24
I am aware that the conceptual framework of absolute, relative and relational space was fully
matured in his 1982 book The Limits to Capital (Harvey 1982). Since the topic is as such too broad for the purposes
of the present thesis, the reference to the concept of “Harveyan triad” in the following text is understood in its
reduced form (an extension of the early Harvey’s contribution to positivist urban theory in 1969), which also forms
a consistent whole as such.
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on the basis of separation, equivalence, triangle inequality and symmetry.25 For
the sake of greater completeness, it is notable that alternative rules (and therefore
alternative metrics) can be defined without losing measurability. The explicit
definition of metrics is manifest acknowledgment of the fact that (some) geometry
always precedes measurements.
The relative spatial conceptualisations open up certain important branches that
include concepts of spatial aggregates and neighbourhoods. Relativity and relational
space, so to speak, determine the characteristics for entities from outside. Therefore
not all entities are potentially defined only according to the extent of their realisation,
but as more precise outcomes of their interactions with the neighbourhood. This is
best expressed in late 20th century modelling techniques such as cellular automata,
in which the entire trajectory is determined by adjacent entities. Therefore it is
reasonable to state that the relative space and spatial interactions form the most
important phenomenon in spatial development. Consequently, this led Waldo
Tobler to a brilliant idiom regarding the nature of geography, which he stated in the
brief article “A Computer Movie Simulating Urban Growth in the Detroit Region”,
that otherwise would have remained a mere academic bagatelle:
“I invoke the first law of geography: everything is related to everything else, but near things
are more related than distant things.” (Tobler 1970, 236)

The same strong relation of proximity of interactions and spatial distance can be
found in Nobel laureate (in economics) Herbert Simon’s nearly identical wording:
“To a Platonic mind, everything in the world is connected with everything else – and perhaps
it is. Everything is connected, but some things are more connected than others. The world
is a large matrix of interactions in which most of the entries are very close to zero, and in
which, by ordering those entries according to their orders of magnitude, a distinct hierarchic
structure can be discerned.” (Simon 1973, 23)

It is important that Tobler’s and Simon’s designations of spatial characteristics
comprehend both process and form. Here it is important to drop a naïve we-are-allone-big-happy-family interpretation of the connected world and concentrate on the
regularities this connectivity has – the dominance of local neighbourhoods. More
precisely, these remarks shift the focus from overall patterns to the rules that govern
the outcome and challenge to seek the inborn regularities from parts, their nearness
and resulting wholes.

On the nature of the neighbourhood
The concept of neighbourhood is a primary concept if one wishes to dig into
details of previously outlined relational space. From everyday usage, that is generally
understood as the vicinity around our daily activities or the extent of observation
from a car window. Even this broad, non-specific definition helps to understand how
deeply the notion of accessibility is rooted in spatial conceptualizations. In a more
technical context it can be understood in various ways that are ought to be recalled
in order to progress in our theoretical framework.
25

For more detail see de Smith 2003, 89-137.
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In graph theory the neighbourhood is understood as a subgraph containing all
vertices adjacent (i.e. those departed with a single linkage) to the originator vertex.
In set theory, on the other hand, the concept of neighbourhood is roughly equivalent
to the concept of set, meaning the mathematical space where the point may be
located without departing the set. Therefore the common denominator between
these is the extent of a concept. In the present text I will refer to this set theoretical
entirety by the term global neighbourhood on the occasions when there is a risk
of misunderstanding. Local neighbourhood refers to some specific subset of global
neighbourhood and requires an explicit definition for accurate coverage. The degree
of neighbourhood is one possible way to refer to a specific size of surrounding objects
taken under consideration. Therefore 1st degree neighbourhood (or 1-neighbourhood)
means roughly the same as a graph theoretical neighbourhood definition, 2nd
degree neighbourhood a collection of objects that covers all 1-neighbours of
1-neighbours, 3rd degree neighbourhood 2-neighbourhood plus its 1-neighbourhood
that is not already included, and so forth.26 In geography the standard meaning of
neighbourhood is a localized community within an urban region, but in this thesis
this meaning is obsolete. In general discussion a neighbourhood is used in the sense
of surroundings.
Neighbourhoods also play an important role in several other branches of science,
but are often considered on an unfortunately general level and with no strict spatial
understanding. Chris Webster has made a significant contribution to the largely
inadequately defined spatial extent of neighbourhood in urban economics and
existing economic modelling (Webster 2003). He argues feasibly that urban space
is a consumable good and neighbourhoods work as institutions that (with formal
and informal contracts) govern the production and consumption of public and
private goods within it. Therefore neighbourhoods bear a resemblance with a firm
and particularly to a club.27 The discussion dives deeply into the question of how
property rights play an essential role, assigning attributes to neighbourhood and
retaining economic efficiency that is vital from the urban planning perspective.
From the point of view of this study, only the conclusive finding of distinctive spatial
extents28 is adopted and used with other evidence as additional evidence for the
multi-scalar concept of accessibility.

26
The naming convention is used on occasions where spatial object to object adjacencies are involved
(binary measurements, see Section 1.2.3 for more detail). In the case of metric space the naming convention of
degree neighbourhood is mutatis mutandis adapted to the concept of distance neighbourhood.
27
“Club theory assumes that the community of joint consumers is an excludable community; tends to
assume an entrepreneurial supplier of club goods who makes a simultaneous decision about quantity of good and
number of club (neighbourhood) members; and is not explicitly spatial.” (Webster 2003, 6-7) Webster argues that
none of these distinctions is crucial, since in a spatial context already properties such as distance or land tenure are
effectively excludable. Therefore neighbourhood clubs tend to affect the land use mechanism, since “ownership
shares in neighbourhood clubs are exchanged as implicit locational premiums in property right markets.” (Webster
2003, 3)
28
Webster outlines three distinctive neighbourhood sizes: The micro-neighbourhood (of adjacent
households); the meso-neighbourhood (of a street) and the macro-neighbourhood (of service access) (Webster
2003, 22-37).
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Parts, wholes and aggregation
The common theoretical foundation for spatial structures and representations
can be found from mereotopology, which combines two distinct formal theories;
namely, those of mereology and topology. Mereology – the theory of parthood – is
often considered as a ground theory for more complex theories such as topology,
morphology or kinematics. Casati and Varzi, on the other hand, argue that this does
not necessarily have to be the case. Topology may also be seen as “a generalization
of mereology in which the general relation of connection takes over parthood
and overlaps as special cases” (Casati & Varzi 1999, 5). In fact, in the case of any
adequate theory of spatial representation a crucial first step is to include certain
principles that are topological by nature into mereology (ibid. 10). Generally
speaking, mereology deals with parthood, yet fails to explain wholes in any other
way than as a mereological sum, a fusion, of these parts. On the other hand, it is
clear that not all sums as such form valid or integrated wholes; so in understanding
these unities, connections (and therefore topology) take centre stage (ibid. 51).
The unitary wholes around us can moreover be a result of causality, functionality,
teleologicality or other dependency (ibid. 14). But for further work it is important
to stress that any of these connections can be called by the more general term of
topological connection.
With this specific potential substructure scheme in mind we shall focus on
spatial objects as aggregates. For the sake of simplicity we reserve the possibility to
subdivide any object into parts, no matter whether they are in fact more accurately
understood as components (like the leg of a table), constituents (like the material of
a statue) or portions (like the tail of a cat). Even though this generalization is strictly
mereotopologically speaking too broad, it allows us to speculate on alternative
structural representations of a city-object.
When moving from verbal concepts to physical systems there is an evident change
in representational entities. The language of spatial representations is necessarily
geometrical and therefore the boundaries of entities are of different levels of
certainty. We can only think imaginary fiat boundaries (like the inner boundary of
cat’s tail or the upper limit of a lacuna). The manifestation of a boundary can turn
out to be a morphological fold, a specific point of discontinuity, a cardinal point of
curvature or a threshold value of a concave hull. In any case, the notion and specific
location of boundary is a matter of explicit definition. The spatial representation
in the manifested object suddenly suffers considerably from the description in
language. Despite these difficulties, some operations are more suitable for spatial
description, but one must consider the arbitrary nature of the aggregation process.29
In general we can thus adopt the idea of Casati and Varzi, and consider boundaries
as bona fide spatial entities along with ordinary objects. Yet it is important to realize
that they bear a peculiar relation to space: they are located in it, even if they do not
29
A more general remark on aggregation is that the process is irreversible and leads to a loss of
information. Sometimes this is necessary for generalization, but the other side of the coin is that it also shows the
observations in disguise. Detailed discussion on variable aggregation can be found in (Ando 1971), but the idea of
the intransitivity of micro and macro scales also holds with spatial aggregates such as regions.
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take up any space30 (Casati & Varzi 1999, 71). Boundaries are therefore a conceptual
demarcation tool to separate an object from its external connection. Hence an object
is more generally speaking an entity that can be seen as a spatial representation of
a phenomenon having boundaries (either sharp or fuzzy) from a static or dynamic
demarcation process. The demarcation process thus outlines a norm of entity that
pins down the specific quantifiable locations.

Entity and emergence
To move from location and the relative concepts of space to the spatial
representations we ought to navigate to the world of objects and how observations
lead to the most profound entities. In the introductory chapter I outlined the aim
of argumentation without falling into historical essentialism. On the other hand,
when operating with symmetries based on spatial objects we need to drop the
unnecessary traces of spatial essentialism. From the mereotopological foundation
we can distinguish at least three types of essentialisms: mereological, topological
and locative (Casati & Varzi 1999, 153-167). Mereological (ME) essentialism simply
states that if an object x is part of an object y, then x is part of y in every world in
which y exists. Similarly, topological essentialism (TE) means that if an object x is
connected to an object y, then x is connected to y in every world in which y exists.
And locative essentialism (LE) in turn states that an object that happens to be located
in a certain region is necessarily located there whenever it exists.31 At first sight all of
these statements sound like mere theoretical hairsplitting. Casati and Varzi, on the
other hand, have argued that in a spatial domain they in fact form a fundamental
hierarchy and thus are not equivalent to each other. The included schematic picture
(Figure 7) indicates clearly that LE supervenes on ME and TE.
An alternative formulation of this fundamental feature of spatial essentialism
can be found in the scope of geography and is known as a procedure of entitation
(Chapman 1977, 61; Huggett 1980, 29; Wilson 2000, 14).32 The key factor in the
30
Just as temporal boundaries can be located in the course of time, but do not take up any time
themselves (Casati & Varzi 1999, 71).
31
The explanations adopted here have dropped some of the theoretical nuances of the original
formulation by Casati & Varzi (1999, 153-167) that are considered too detailed for the present thesis background.
For a more accurate formulation see the original text. I must also stress that essentialism in its strongest form is
highly impractical for urban conceptualisations and therefore some relaxation of theory must occur. For example,
strictly speaking mereological essentialism states that if any of the parts change, so does the whole (ibid. 154).
Therefore potentially several spatial arrangements meet the verbal description of any phenomena. Hence to move
from a unique spatial representation to real world examples an additional layer of classification techniques is
required.
32
The concept of entitation seems to have infiltrated into geography from the texts of Ralph Waldo
Gerard (1900-1974). Gerard, who was an American neurophysiologist and behavioural scientist and probably the
first to use the term ‘neuroscience’ in the then emergent discipline, wrote in the 1950s and 1960s articles that
stressed the priority of the process of identification of entities over quantification of them. In Gerard’s own words:
“Entitation must precede quantification; only when the right things have been found to measure are measurements
worthwhile.” (Gerard 1969) Gerard can in fact be seen as an early pioneer of complexity science and one of the
most inspiring terms is the concept of org (Gerard 1957, 430), which from today’s complexity point of view can be
seen as fractally nested entities, and referred to later by the term holon by Arthur Koestler (1967) and integron
by François Jacob (1970). Note also that the term entitation is rooted in a vocabulary of ecology, which, unlike
urban geography, promotes diversity over hierarchy in its primal entitation. For the ecologist entitation usually
means roughly the same as the recognition of vegetation patterns and is thus in some sense a relative to the
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[Figure 7] ME and TE are preserved, while LE fails.
(Source: After Casati & Varzi 1999, 165)

entitation process is the qualitative recognition of entities. The important thing here
is to recognize the intertwined nature of any measurement and the definition of its
target. Using Chapman’s example, we may recall the task of measuring the area of
the centre of a lawn. Obviously it is as trivial to measure the area of a lawn as it is to
define the centre of the lawn, but to end up with a measure of the area of the centre
one must find a norm to define the extents of centrality. Similarily, Chapman does
not hesitate to call regional geography an impasse (ibid. 12) or the concept of the
population of a city meaningless (ibid. 62), because the definitions of spatial extents
of cities and regions are simply arbitrary.
Let us return to Mitchell’s simplified example of dividing architectural space
into distinct entities. It is easy to conclude on the bases of natural perception that
the combination of the psycophysical attributes of quality, intensity, extension and
durability in any house-like structure would lead to a representation like the picture
(Figure 8). The volumetric model varies according to our need for representation
either for the task of erecting the house object or the task of designing the usability
of the room space.

[Figure 8] (Source: Mitchell 1990, 49)(Adapted
from: Mitchell 1990, 41 [after Bemis 1936])

Arguably it is needless to move discussion to the level of atoms and molecules in
our examples to realize that we need an entirely different set of tools and measures
to separate a spatial void from objects that surrounds it. On the other hand, it is easy
to think of occasions in an ordinary building procedure where both representations
are helplessly insufficient. For example, technical novelties in HVAC construction
cannot be implemented most efficiently with a volumetric void model only, but
instead a more detailed entitation is necessary to work with ‘fluxes’ inside the indoor
space. The difficulties of defining volumetric space also increase exponentially when
observing miesian style open plans or indoor spaces so large that the subspaces
typomorphological tradition of urban analyses.

28 | 29
need to be defined on bases other than constructed slabs. Therefore the objective
for usage evidently defines a certain subdivision rule and level of detail (LOD) that are
also the implicit characteristics of any entitation.
The topic that from the architecture perspective seems almost a mere quibble
is from the point of view of larger spatial entities of utmost importance. This is
especially obvious to everyone who has tried to sort out the seemingly trivial
question: “Where does the boundary of a built-up area lie?” Thinking of a presentday mushrooming city region most definitely is not where the administrative
boundary is (Pumain 2003). But even the distinction of an urban area as a physical
structure does not solve the problem, because typically at the fringe of an urban area
the space is fragmented and most likely ‘empty’. Therefore the spatial aggregate of
an urban boundary is a task of setting a threshold that defines which parts of a piece
of land are included and which ones are excluded. This sounds like a perfect source
for unhealthy politics, and that is what it usually ends up being, yet the problem
is more general than this, involving a large set of area-based entities ranging from
cartographic land parcels to zoning laws and ecological and infrastructural buffers.
As a concluding remark on spatial entities, it is important to stress their inner
limitation, which is an unavoidable side effect of the entitation process. Typically,
entitation is a process where prevailing properties or relationships of observations
are grouped and classified according to common resemblances. Entitation therefore
sets certain limits for measurements, since the classification process33 it is based
upon is itself a metalevel measurement (that has become a norm). It is necessary
to state, as naïve as it may sound, that in general entitation submerges the origin
of its result, and therefore can not answer questions concerning issues of its own
formation. This is also the reason I have preferred to use the term entity instead of
some more common term. In the modelling perspective that is adopted for study
later on, the operational units become indivisible, untouchable, in the early stages of
the definition process of a model, and are therefore seen as de facto entities.
Since the entities themselves are not able to explain their own history, just as
the existing centrality structure of a city is unable to envisage a new mushrooming
centre, we must focus on a mechanism that would allow parts of a system to selforganize themselves into new upper level entities. Towards the end of the 20th
century the term emergence became more and more popular to describe this
phenomenon that, in fact, has been recognized already for hundreds if not thousands
of years.34 Emergence seems to provide an adequate answer to disturbing synergetic
features where a whole is more, or even different, than the sum of its parts. In its
broadest sense, emergence refers to a rise of new patterns and properties on a level
above relatively simple interactions. Thus emergent property is one that cannot be
33
Classification is a common procedure in science and is not discussed further here. For more details
on theory and techniques of classification see, for example: Harvey 1969, 326-349; Abler, Adams & Gould 1972,
149-189; or more advanced geospatial techniques, O’Sullivan & Unwin 2003, 315-355.
34
See Aristotle, Metaphysics, Book H, 1045:8-10. A more recent general discussion on emergence can be
found at least on the topics of sociology (Greer 1962/1999, Schelling 1978), geography (Chapman 1977), cognitive
science & AI (Hofstadter 1979, 713-717), urban economy (Krugman 1996), biology (Waddington 1961/1970,
Kaufman 1993), computer science (Holland 1998), mathematics & CA (Wolfram 2002), planning (Doxiadis 1966,
Webster & Lai 2003), and politics (Lebkowsky & Ratcliffe 2005) to mention just a few.
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understood on the basis of elementary level properties; the upper level contains
features that do not and even cannot exist in a lower system level. This also makes it
a key concept of a complex systems theory, or more briefly complexity.35
One of the strongest explanations or control measures suggested for emergence
is the so-called downward causation, a.k.a. supervenience.36 It describes the
relationship between sets which do not imply a strong reductive relationship.
Supervenience is a dependency between sets A (supervenient) and B (subvenient).
The supervenience of A on B exists in a case where there can be no difference in set
A without a difference occurring in set B. Supervenience is therefore a particular
kind of determinism, with the difference that the properties of set B delineate some
other properties of set A. The uniqueness of supervenience is that the controlled
properties of set A are neither possessed nor reducible to the properties of set
B. Often used examples are the many economic properties that supervene on
psychological properties or cognitive properties that supervene on neural properties
even though supervenient properties are not reducible to subvenient properties.37
In fact a branch of philosophy called emergent materialism postulates that all levels
of existence emerge from the hindmost material background.38 Without attempting
to respond too forcefully to the question of the ultimate building blocks of urbanism,
we can safely state that supervenience is one of the strongest supports for a multiscalar approach in urban development.
A working example of implementing the theory of emergent neighbourhoods
in ancient discussion of a city form can be found in Paul Krugman’s inspiring book
The Self-organizing Economy. (Krugman 1996). Krugman, one among a few others
loosely coupled under the banner New Economic Geography (NEG),39 has taken
seriously the question of “how the economy organises its use of space”. This is a
question that according to him at that time was simply not dealt with at all (ibid.
35
There have been accusations, especially from physicists, regarding the descriptive nature of the
complexity theme. The main problem, as the journalist and popular science writer Philip Ball has summarized, is
that complexity has become a term that can mean whatever you want it to. Ball states: “Much of this, fascinating
though it is, comes up in the end against a brick wall, for it has no underpinning concepts. What it yields is a
description, or rather a prescription, not a deeper theoretical understanding.” (Ball 2004, 155) I shall focus on
complexity in more detail as a specific type of systems theory in Chapter 2.
36
For a more detailed discussion on history and formalism see, for example: (http://www.iep.utm.edu/s/
superven.htm), (http://en.wikipedia.org/wiki/Supervenience) or (http://plato.stanford.edu/entries/supervenience/).
37
Often this is simply because of an incomplete explanation that can be achieved with partitioning, when
several small, but in the long run very effective, interactions of subsystems are not taken into account. Examples of
this are built in to discussions involved with notions like weak ties, loose coupling or near decomposability, which
will be discussed later.
38
The emergent hierarchical structure of scientific knowledge has also been discussed under the term
consilience. See Wilson 1998/2001.
39
A brief introduction to NEG and the economic foundation of agglomerations can be found, for
example, in Ottaviano & Thisse, 2003. For more a extensive theoretical foundation of NEG see the publication The
Spatial Economy – Cities, Regions, and International Trade (Fujita et al. 1999/2001). It has been claimed that there
is not that much novelty in NEG in comparison to the tradition of economic geography on the level of details. Most
remarkable, however, is an attempt to reconstruct the spatial primacy of all economics and answer the challenge
formulated by August Lösch in the epilogue of The Economics of Location:
“For our science, finally, the question how the economy fits into space not only opens a new field but
leads in the final analysis to a new formulation of the entire theory of economics. (…) Life consists not
only of development in time but of spatial diversity as well. Space stimulates the creative forces. And I see
in my mind’s eye an economic science that, more like architecture than like the history of architecture,
creates rather than describes!” (Lösch 1940/1967, 508)

30 | 31
9). Krugman tackles the classical von Thünen model of spatial organization of a city
using concepts of self-organisation. In doing so, he succeeds in extracting something
other than a bitter taste of old wine in new bottles. The central problem for Krugman
was the lack of self-organisation in the static concentric model of von Thünen and
also something that we could call unsatisfactory entitation for adequate explanation.
It is obvious that the von Thünen model is an outcome of a self-organising process.
Competition for land around the centre leads to the emergence of concentric rings
around it, but neither von Thünen’s formalization nor the more recent one by
Edwin Mills (Mills 1967) was able provide answers to why it was formed like that.40
(Krugman 1996, 9-13). Krugman’s solution was to move into the agent level and
equip agents with tendencies to cluster or drive them apart. The result was the socalled Edge city model (ibid. 101-115) that in simplified form was able to explain
under which conditions the development led to monocentric formation and which
to alternative polycentric patterns.
Krugman’s example was truly an extreme simplification of a spatial process,41 yet
complex enough to give more detailed answers to the question of how economic
activity organises itself to create the multitude of urban forms we face everyday.
A slightly more sophisticated approach to spatial entitation can be found from a
tessellation of an abstract two-dimensional grid. This has become a common way
to avoid major problems of entitation and subdivision, and has become extremely
popular in spatial modelling. A major reason for this is that computational
requirements are considerably more straightforward than with more complex
objects. Also, a modeller can fairly safely concentrate on processes instead of
entities themselves. Naturally this approach is not error free either, but subject to
misinterpretation of scale and zoning,42 as well as false assumptions about directional
symmetry of locations. The applicability for spatial problems was described in Waldo
Tobler’s popular text “Cellular Geography” (Tobler 1979), but the use of tessellations
is bound to an earlier stage of computation in geographical problem solving (See
Figure 9).
My approach is to start with entities, spatial graphs, which are nearly as flexible
in terms of computation, but have an advantage in adapting to the characteristic
of the non-homogenous world with non-homogenous entitation.43 For geographic
applications this is also common relaxation of the spatial entiatation.44 Before
moving to specific issues of graphs in Chapter 2, we shall explore some classic ways
of entitation in the analyses of urban form.
40
“Mill’s 1967 paper introducing the monocentric city model launched a huge theoretical and empirical
literature. And yet in the end the literature proved rather sterile. Part of the problem was purely aesthetic: a model
that simply assumes that there is a central business district is deeply unsatisfying if you want to explain cities as
opposed to describing them.”(Krugman 1996, 12)
41
I.e. one dimensional cellular automaton (Krugman 1996, 22 onwards).
42
Like any polygon that is a spatial aggregate and therefore a potential source of error in spatial analysis,
even tessellation is also subject to this. More generally, this is a spatial version error in interpreting statistical data
commonly known as the ecological fallacy. The term fallacy arises from the assumption that all members in a group
exhibit its characteristics. A polygon therefore manifests itself as a spatial stereotype. (Openshaw 1984a) A special
name for error in even tessellations (grids) is Modifiable Area Unit Problem (MAUP). For more detail see: Openshaw
(1984b).
43
In fact any tessellation can be seen as a specific type of graph having a constant number of edges for
each vertex (excluding edge cells, unless they are wrapped around to form a continuous uniform toroidal world).
44
See O’Sullivan (1999 and 2000) for more detail.
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[Figure 9] One-mile cellular division of the Pittsburgh area in a seminal model
setting by Ira S. Lowry (Source: Lowry 1964, 56 & 59, modified).

1.2.2 Typomorphological approach45
Typology, which literally means the ‘study of type’, is the act of placing entities
into sets of categories based on their properties. In general this may be seen as
a fundamental activity for structuring knowledge on the bases of generalization.
Several writers (e.g. Mitchell 1990, 87; Moneo 1978, 28) associate the origin of
architectural typologies at the turn of 18th and 19th centuries with Quatremère de
Quincy and more precisely to his influential Dictionaire historique d’architecture.
The idea of fixed typologies lies in Plato’s metaphysics called essentialism that
divides the world de facto into real, discontinuous and immutable entities. A more
pragmatic approach classifies instances according to statistical techniques, such
as cluster analysis, factor analysis, correspondence analysis, principle component
analysis, etc., in order to distinguish important common characteristics in data.46
Thus today a more fruitful starting point for dealing with typologies is to see them
as ad hoc constructions for knowledge creation. To avoid classifications as mere
statistical creatures, the dematerialized counterpart to 19th century butterfly
collection, additional demands for urban typologies may be set. Since our goal is to
combine a concept of type with a process of urban change, optional and operational
forms of classifications ought to be explored.
An alternative possibility for examining urban settlement structures is provided
by methods of typomorphological research. This branch of architectural research
has obeyed a common ground since the same kind of ideas have emerged
independently in various locations and eventually formed schools around the same
kind of key conceptualizations. In 1994 an International Seminar of Urban Form
45
The standard definition of typomorphology that nowadays is largely accepted everywhere, is by a
former president of ISUF, Anne Vernez Moudon. She defined the characteristics of typomorphology as follows:
“Typomorphological studies reveal the physical and spatial structure of cities. They are typological and
morphological because they describe urban form (morphology) based on detailed classifications of buildings and
open spaces by type (typology). Typomorphology is the study of urban form derived from studies of typical spaces
and structures.” (Moudon 1994, 289)
46
In fact, the bottom line of this thesis is the reclassification of centralities that seem to play an
important role in the restructuring of the urban field.
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(ISUF) was founded to provide a common ground for countless researchers and
test the interdisciplinary ideas of architects, planners, geographers and historians
in the field of urban morphology.47 Instead of taking a closer look at various types
of typological, morphological or typomorphological approaches, some ordinary
concepts common to them are discussed. Those wishing to pursue an interest in
the history and basic terminology of various branches are referred to the texts
presented in the ISUF journal Urban Morphology.48 In the present text I shall refer to
this discipline by the term typomorphology or alternatively with the more specific
term urban morphology to make a distinction between the more general term
morphology, used in several fields of natural sciences from botany and bacteriology
to geology and geography.
Naturally, several schools falling into the category of typomorphologist have
different historical viewpoints and locally stimulated reasons motivating them to
first start and then continue their work. Yet despite these diverse backgrounds they
seem to have few initiatives in common. One of the most obvious ones is to be
able to scratch the surface of urban form and get into the details of the process
of formation. As an example I present here the universally used concept of the
gridiron plan. It is well known that Hippodamus implemented a gridiron plan in
the town of Miletus. But it is equally well known that the very same concept was
in use earlier in ancient Mesopotamia, as well as in particular instances in Egypt.
Even though the Milesian plan provided a simple and efficient solution to be used
in newly founded cities by colonialization, it really does not explain its success. The
knowledge of its usage in Paestum, Naples and other Greek colonies in Italy, in
Roman camps and eventually as the basis of North American town planning would
be rather dull without further analysis of its internal structure. Not even Lewis
Mumford’s justification of its roughly equal distribution of building lots (Mumford
1961/1966, 224) provides a totally convincing explanation. Without taking too large
a morphological short-cut, it is fair to add at least properties such as convenience of
orientation, flexibility for several activities, resistance to occasional disturbances and
extendability if required by growth, if compared to other equally or roughly equally
distributed divisions of land. And last but not least, even the equality related to the
grid structure is somewhat controversial. Probably it would be more appropriate
to praise it for its highly delicate ‘inequality’ that can be made via connectivity and
configurational analyses, as will be seen later.
The typomorphological approach is an ambitious effort to understand the
morphogenesis of urban structures. As Anne Vernez Moudon aptly states:
“Typomorphology is an unusual approach to urban form. First, it considers all scales of
the built landscape, from small room or garden to the large urbanized area. Second, it
characterizes urban form as a dynamic and continuously changing entity immersed in a
dialectic relationship with its producers and inhabitants. Hence, it stipulates that city form
can only be understood as it is produced over time.” (Moudon 1994, 289)
47
A brief history of the background can be found in Moudon (1997).
48
Urban Morphology published a series of articles concerning the national schools of analysis of urban
form. They included a detailed introduction to the tradition in Spain (Vilagrasa 1998), France (Darin 1998), UK
(Whitehand 2001), USA (Conzen 2001), Italy (Marzot 2002; Cataldi et al. 2002), and Germany (Hofmeister 2004).
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Since these goals are more general than the typomorphological tradition alone,
I have taken the liberty of making a connection to some interesting contributions to
the same topic (even though writers do not necessarily include themselves in that
school). The objective here is to shed some light on a specific way of handling spatial
entities in the analysis of urban form.

Typomorphological units

[Figure 10] Topological transformation of the ground-floor plan of an English 17th century
house into ‘dimensionless’ cellular space. (Source: Steadman 1983, 13, modified)

The feature common to all analytical schools of architecture that are here referred
to as typomorphological is that they have defined more or less similar elementary
units. These basic units are necessary for any discrete morphological model. A model
thus requires a preliminary procedure in order to create an absolute division of
space as a unit of analysis. I start by discussing how this principal division is done
in the analyses of M.R.G. Conzen, who is a key figure for his influence on several
different British branches of urban morphology. For Conzen, with a background in
geography, this smallest separable unit is called a block-plan (Conzen 1960, 5). It is
easy to see that even though the buildings serve as the true elementary unit for
Conzen’s analyses, for example, in analysis of the town of Alnwick, it is by no means
the most elementary one. For example, Giancarlo Canniggia, the most influential
contributor to the Muratorian school of architecture, used a single-room primitive
building, a base type, as the most fundamental unit of his architectural typology. The
way of thinking in Italian typological traditions starts with the notion of type, which
can be explained as an inherited manner by which the building operator “copes with
new problems by referring to already experienced analogous situations” (Marzot
2001, 243). The various types are thus born and modified in the historical process by
people trying to reach common goals. In a process the base type thus forms a strictly
defined entity, an elementary cell, for more complex building types.

Again, even though the historic reasoning of the Muratorian school is fully
understandable, we may argue whether its base type is the most fundamental
starting point. Philip Steadman, for example, takes a more abstract structure for
his starting point, which can be extended beyond traditional buildings to cope with
modern free-flowing space as well. Steadman starts with an elementary matrix, a
lattice or grid, which is stripped of its metric properties (Steadman 1983, 11). For
Steadman the types are thus not determined by history, but instead according to
the strictly limited organizational principles each configuration could possibly have
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(see Figure 10). The elementary matrix can in turn be topologically transformed to
infinitely large variants of metric spatial configurations. The abstract elementary
cell can thus represent a more traditional room space or even more finely graded
structural elements (ibid. 13), if found more suitable for purposes of analysis.
The most advanced feature of this abstract representation is that it contains an
opportunity to perform architectural analyses where actions and room spaces do not
have one to one correspondences. For instance, spaces with only partial delimitation
are equally well defined in terms of configurational analysis (ibid. 137). This abstract
division of space thus widens the perspective considerably and is actually relatively
close to the idea of uniform subdivision of cellular space discussed earlier in Section
1.2.1. Yet the most important initiative that can be derived from this abstraction is
that the divisions of space are more often suitable for ad hoc purposes only.
Since the types in Steadman’s architectural morphology are formed by summing
up the elementary cells, an additional concept of relation must also be defined. This
is actually true with Muratorian school definitions as well, even though it is only an
implicit property of the types and greater effort is made with the morphological
process of formation and not in the internal differentiation process of types. Steadman
recognises two elementary relations that are also important concepts in the closely
related Space Syntax school, those of adjacency and permeability (Steadman 1983,
215; Hillier 1996, 277). Thus types can be described according to the coupling of
cells in two different manners. This is precisely the minimal differentiation that is
necessary to separate the particularity of a type from the universality of a grid which
Caniggia also emphasised (Caniggia & Maffei 1979/2001, 107). The loosest coupling
can be pictured as an adjacency graph, while the permeability graph tells about
more strict relations between cells. To fill the requirements of permeability, the cells
must fill the adjacency requirement, i.e. having in common a separating wall, but
also have an opening providing access between them. I assume this is the reason
why Steadman seems to favour the term access graph while the term permeability
graph has been widely adapted by the Space Syntax people. It is important to realize
that these two relations are interconnected: access graphs are subgraphs of more
complete adjacency graphs. This is fundamental. The different relations tell us how
the activities in cells are interconnected and the configuration in turn tells us about
the organism’s capability to host more complex activities. Thus the built structures
are in the first place created to host a certain activity, but the various relations also
carry along an enormous potential for alternate configurations in a continuing
morphological process.

Typomorphological aggregates
To obtain more detailed information about the processes of spatial changes, we
will take a closer look at the typomorphological research of urban settlements. As
an introduction to this we may begin with the early work of Conzen, who extracts
three major components or element complexes for a town plan analysis. These subcomplexes useful for town plan analysis are: street-system, i.e. a collection of streets;
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street-blocks, i.e. the aggregation of plots and block-plans, i.e. buildings (Conzen
1960, 5). On the basis of these fundamental definitions it can also be seen that subsystems actually contain several interconnections between them, which actually
makes then a basic setting complex enough to capture the formation process of
human settlements.
The two most important relationships found between element complexes are
the relation of block-plans to street-blocks and the relation to plot. The special case
of the first relationship was recognized by Conzen when he described the so-called
burgage-cycle (ibid. 94). In medieval Alnwick, a burgage, i.e. an urban plot held by
a burgess, was a land parcel up to 250 feet deep with an elongation ratio of depth
to width generally greater than 6:1 (ibid. 31). The arrangement of a strip-shaped
plot was made according to two differently located ends. The plot head (the end
facing the market) was occupied by the main building or other plot dominant, while
at the beginning of development cycle the plot tail was in turn used for gardens
and auxiliary buildings. The second stage of development was when the tail ends of
plots were used for manufacturing or separated for derivative plots for other latecomers (ibid. 56). The latter relation can be made on the bases of adjacency, which
makes it possible to understand the aggregate as street-blocks with a characteristic
plot pattern and plot series along the same street-line. On the other hand, a more
complex relationship between them can be recognized on the bases of how the
plots are interrelated through the street system. Even though the burgage-cycle
led to the urban fringe belt formation it hardly explains the future stages of this
recognizible feature of urban development. The urban fringe belt, which according
to Conzen was first recognized by the geographer H. Louis in the 1930s under the
German term Stadtrandzone (ibid. 58), is closely related to the configuration of the
street network. The network, which is formed in various stages from arterial roads
as well as the ring of consequent roads, leads into this succeeding redevelopement
cycle. Several of these sequential fringe belts were also evident in the structure of
modern Alnwick. At this point it is important to realize that these fringe belts Conzen
describes are in fact morphological variants for the structural differentiation of the
concentric formations recognized by Ernest W. Burgess in the 1920s (Park et al.
1925/1967, 51) and J.H. von Thünen in the early 19th century.
From the brief typomorphological explanation provided by Conzen, it is easy to
see why the focus of analyses is on understanding the process of formation. On the
basis of the above description it is easy to come to the conclusion that it is quite
needless to say that these different components carry valuable information within
their structure that is a result of their historical formation processes. On the other
hand, it creates picture of a system with inevitable dynamics. Due to slow changes
in urban structure there is a reasonable need to understand the elementary units as
components creating structural inertia and thus claiming that the stability of urban
form is only illusory.
Cannigia and Maffei have described the evolution of settlement configuration
similar to Conzen’s Alnwick example from an alternative point of view. They have
chosen the urban route as a primary element. Their structural model of streets
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(Caniggia & Maffei 1979/2001, 183-4) is an intelligent recapitulation on the inner
differentiation of urban streetscape through its historical background. The functional
differentiation is a natural observable fact that is caused by the dual character of
urban routes. The routes have two distinctive attributes, trade and traffic, that
dominate different parts of the urban fabric. Trade tends to dominate along the
centralizing axis while traffic takes over in dividing axes. The two basic types do
not generally lie adjacent to each other, but have several intermediate stages that
play an important in-between role. Moreover, Caniggia states that these natural
born hierarchies of streets do not follow a simple gradual pattern, but a more
complex nested pattern. By marking a commerce-dominated street as number 1,
a traffic-dominated street as number 4 and using numbers 2 and 3 as transitional
activities, we can accordingly describe the street patterns in sequential form. The
simple logic would cause a sequence of [4,3,2,1,2,3,4], but Caniggia stresses that
this is hardly the case. He explored the specific attributes of in-between streets and
realized that if one takes into consideration an important commercial street the
adjacent parallel streets have surprisingly different roles. There is a sharp drop in
dominating activity by the extremes, while the two subsequent ones have greater
possibilities for the resonant usage. This leads to the more probable theoretical
pattern of [4,3,2,3,1,3,2,3,4]. In this pattern the parallel streets adjacent to type 1
are slightly adjusted to cater for assisting commercial activities (warehouses) and
the ones parallel to type 4 accordingly slightly modified for assisting traffic activities
(car parks). The most important activities on these type 3 streets are related to some
general role of providing access to housing, but nothing so specific. Interestingly,
the logic of specialization of streets follows the development pattern explored
by Conzen, starting from the dipole character of the block and plot level units.
Such a pattern can be recognized, for instance, from the structure of downtown
Tampere (Figure 11) which can be coded from north to south roughly as follows
[4,3,3,4,2,3,1,3,2,3,3,3,4].49

Typomorphological processes
Caniggia goes still further and explains the general mechanism of territorial
dynamics on the bases of routes (Caniggia & Maffei 1979/2001, 194 onwards).
This, the most general example, is yet another instance of researchers penetrating
the typomorphological scheme claiming that “an urban organism is essentially
structured by its formation phases” (ibid. 185). The mechanism of territorial
dynamics explains the cyclic development of urban settlements in four phases. After
the fourth phase the new cycle starts, which can be divided into a comparable four
phases, and so on. According to Caniggia, our era appears to be the extreme product
of the fourth development cycle (ibid. 232), the beginning of which dates back to the
13th century (ibid. 223). The named stages, in man’s presence cycle system, as they
call it, are, in chronological order: system cycle (1st), consolidation cycle (2nd), system
recovery cycle (3rd) and consolidation or restructuring recovery cycle (4th). I describe
49
The same Tampere streets listed by name are as follows: Kekkosentie, Näsijärvenkatu,
Puuvillatehtaankatu, Satakunnakatu, Kauppakatu, Hämeenkatu, Hallituskatu, Satamakatu, Tiiliruukinkatu,
Pyhäjärvenkatu, Nalkalankatu and Tampereen valtatie.
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[Figure 11] Centralizing and dividing axises in central Tampere, Finland
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here the four phases of the first system cycle in more detail to get an overview of
the mechanism.
The first initial phase of territorial development is when the route is the first and
only man-made structure in the territory. The alternate usage, besides by-passing, is
that of spontaneous productivity, that is, the gathering of articles of flora and fauna.
The second structuring phase is when settlements, first perhaps temporary ones,
are set up. The third production phase is established when artificial productivity is
introduced into the territory. And finally, the fourth proto urban phase is reached
when a centre for trade and markets is born. According to Caniggia, it is important
to realize that these phases are consecutive and require the previous stages to be
implemented (ibid. 198). In other words, the existence of a route is a pre-eminent
feature in the stages of territorial development. Again, this is fundamental.
The scheme described above is a kind of typomorphological counterpart
to earlier theories on the location of economic activity. While Caniggia uses
typomorphological units as a basis of reasoning, explanations pointing to an
isomorphic process via agent-based economic interactions are equally available.
Edgar M. Hoover, for example, describes equivalent long-run and short-run changes
in urban development according to four different basic causes (Hoover 1948/1963,
145-148). These changes are classified by him as seasonal, cyclical, secular and
structural according to their character and duration. Seasonal changes are the
shortest events that take place within consumers’ and producers’ limited mobility.
For urban change the last three are more important, where the cyclic changes are
the ones that are related to the fluctuation of investments with the accompanying
effects for production and durable goods. It is important to realize that a certain
state of a cycle, a period of depression, predominately favours decentralization of
both employment and population. Secular changes, which are more commonly
known as trends, are changes with gradual alterations without any tendency to
the reverse. These changes are typically technological progress or transportational
developments. Structural changes are the ones when the revolutional advance
changes the slopes or directions of existing trends. The changes are not purely
economic, but are affected by the physical world as well. It is easy to realise that the
combination of progressive and cyclic development leads to a process that creates
an impression of morphological cyclic development as Caniggia has proposed,
even though their historical perspective is much longer than that concerned with
the traditional economics perspective. For example, Walter Isard explains such
long-term cycles of locational change in the United States through particular
improvements in transportation that is mainly involved with a logistical shift from
waterways to highways and air transit (Isard 1942). The micro level differentiation
of streets discussed above follows the general idea described by Hoover (Hoover
1948/1963, 128).
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Towards topomorphology50
The continuous process of redevelopments leads to concentric fringe belt
formations. Conzen differentiates these according to their position in the urban
structure as being inner, intermediate or outer fringe belts and also according to the
typomorphological alienation process in two distinct ways. Fringe belt alienation is
performed by belt translation or by accretionary absorption, which are important
in the formation of the inner, well-defined closed fringe belt (Conzen 1960, 106).
On the other hand, the intermediate and outer fringe belts do not seem to fall into
these predefined categories so neatly and, according to Conzen, are characterised by
“simultaneous piecemeal expansion of residential accretion” (ibid. 106). This newly
formed broken, open fringe belt seems to follow a different development concept
and “attained [its] present belt-like extent only recently”. The description of modern
Alnwick ends with a clear offensive, almost an apocalyptic notion concerning the
outer fringe formations:
“They weaken the built-up character of the belts, which are after all a form of urban
accretion, by lowering their average building coverage over considerable areas. They also
impede passage across the belts, their very size causing an appreciable lowering of street
density, i.e. the average street length per acre of area occupied by urban land uses. Open
fringe belts, therefore, have the effect of loosening the plan structure of all urban accretions
in conditions of mutual interpenetration.”(ibid. 107)

This leads to an ambivalent situation, where it is difficult to distinguish whether
the concept of fringe belt is the aim or the outcome of the urban growth process.
This emphasises the dual usage of analyses in either descriptive or normative
meanings. In the current state the only possibility is not to stick to the normative
caveats. In the spirit of emergence, this is probably not the best possible starting
point, but essentially a starting point that develops into different stages than those
that would have resulted from the other choices not taken. It remains gloomy advice
to a person asking for directions: “If I were you, I wouldn’t start from here.”
The chosen example is a prime example of a counter-attack for modern
movements that have propelled the typomorphological tradition every once in a
while. Trying not to undermine the destruction of urban neighbourhoods51 in the
modern era, bitter intellectual overflows like this seem nothing but another example
of taking one type of modelling approach too seriously. The justification based on
fixed entities without argumentation of how well these entities suit the description
of the ongoing process is likely to distort analyses to the point of paralysis. Conzen
himself paid careful attention to the course of time and even introduced the concept
of a morphological period (Conzen 1960, 7). It is therefore surprising how casually
he suspects the stability of spatial entitation that is largely tied up within legal
and administrative processes. It can be argued that in the course of his extensive
period of analysis the plot in itself had transformed into a completely different
entity. In Conzen’s analyses the medieval burgage was a manifestation of sovereign
50
See: Alppi & Ylä-Anttila (2007).
51
A fine argumentation to support a radical shift of application in a particular spatial entity, a city block,
can be found in Panerai et al. (1977/2004).
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ownership, while in the modern era the plot has become a target of more complex
allocation of property rights. The so-called technical advantages have also shifted
the requirements of plot side ratios in a direction that does not minimize the plot
frontage (and therefore the spatial externatities to the street system), but instead
attempts to minimize the disturbance of plot construction and usage to the flows of
the street system. Despite the intuitive notion of the spatial destruction of a certain
modernistic period that I sincerely share with Conzen, the conclusions seem largely
unfair and incomplete.
Measurements have played a special role in typomorphological analyses. Generally
speaking, the main point of measuring is based on typological classification, although
a major part of it is based on more intuitive pattern recognition and historical
tradition. From the measurement point of view, it is necessary to refer to the wide
Muratorian school of planning typology that has quantified in detail the dimensions
of elementary cells, facades and floor spaces in order to formulate different building
types.52 It is also worth mentioning two separate Baltic contributions focusing on
the formation and specialisation process of the urban grid in North American and
Australian towns (Siksna 1990) and on dimensions and ratios of the orthogonal town
in Finland (Kirjakka 1996). Despite the vast documentary work done for larger scale
urban fabric, the analyses generally remain iconic and the image of overall spatial
organization is considered self-explanatory or accompanied by verbal descriptions.
There seems to be an obvious gap between methods and measurements of small
and large scale analyses. Among typomorphologists there have been suggestions
of differentiating these scales. Jeremy Whitehand (2001, 106) suggested defining a
sub-field of micromorphology into processes within the individual plot. The implicit
and natural derivation of this is that we are able to define the macromorphological
realm beyond that, which therefore concerns entities larger than a plot. Moudon
has continued the discussion (2002, 38), suggesting a two-way approach that would,
from our point of view, stress the relativistic nature of any entitation. She therefore
formalizes the need for the areal extent of entities that would set a ceiling to the
‘neighbourhood effect’ suggested earlier by Whitehand to explain owner-occupiers’
coinfluence on one another (Whitehand 2001, 107).53 Interestingly Moudon’s
proposal focuses on the proposed areal extent.54 On the other hand, at this point
it seems less important to define any maxima than to realize the fact that her
suggestion itself is a great intellectual leap for further definitions. Even though she
later goes on to abandon the suggested definitions of spatial scales in favour of an
additional time dimension in order to capture morphological processes in the spatial
continuum, we can see direct similarities with other scientific approaches.
The first connection can be found in the topic known from the 1950s and 1960s
under the name of spatial diffusion (see Hägerstrand 1953; Gould 1969). This is
a topic that will skirt the later discussion of the spatial extent of the graviatation
52
See, for instance: Caniggia & Maffei (1979/2001, 99-104); or Bascià et al. (2000, Tables N to Q).
53
The areal extent and the notion of spatial connectivity are built into the caniggian concepts of
pertinent area (Caniggia & Maffei 1979/2001, 93) and pertinent strip (ibid. 125) as well as the specific radius of a
service area – module (ibid. 187).
54
Moudon (2002) suggests the neighbourhood or district scale as the ad hoc extent limits between
micro and macro levels.
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model in Chapter 2. The second connection is the relative measures of urban
space that eventually provide us with tools for measuring the connectivity and
more generally the configuration of spatial entities. As mentioned earlier, among
typomorphologists it is not common to find quantifying measures of wholes as a
direct combination of their distinct parts. This is of the highest necessity when trying
to balance with morphological research in the natural sciences. A particular group
of people more or less involved with research at Cambridge, England, in the late
1960s has done a considerable job in defining ways to measure the combinatory
features of spatial entities.55 Most evidently the work is carried forward in the Space
Syntax group already mentioned (see, for example, Hillier et al. 1986). The work of
Phil Steadman (Steadman 1983; 2006) and Ranko Bon (Bon 1972b, 1973) are prime
examples of using these techniques in quantifying arrangements of spaces on the
micromorphological level.56 These issues are discussed at length in Chapter 2, but to
give a brief introduction to the demands for measurement of complex entities we
take a look at Stephen Marshall’s ABCD typology.
[Figure 12] Successive historical planning phases
(After Marshall 2005, 84)
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Marshall’s deep-seated motivation in his book Streets and Patterns (Marshall
2005) is to confirm that spatial organization per se plays a significant role in the
unsolved problem of confrontations in transportation and urban design goals.
The idea itself is not new, and the structure oriented approach has some clear
antecedents in Leslie Martin’s “The grid as a generator” (Martin 1972, 6-27) and
more obviously Bill Hillier’s Space is the Machine (Hillier 1996). Marshall’s point of
view leans slightly more towards transportation, and therefore focuses on other
aspects than that of the other two. The descriptive nature of the ABCD typology57 is
55
To the best of my knowledge, no history has been written on the people involved, but the people
cross-referring to each other on a common subject at that time include: Leslie Martin, Lionel March, Phil Steadman,
Mario Krüger, Bill Hillier, William Mitchell, and George Stiny. Some more urban modelling oriented people were also
involved, such as Marcial Echenique and Mike Batty.
56
It should be mentioned that even though all schools mentioned can easily be described as having,
using Mike Batty’s description of the Cambridge school, “a very firm belief that explanation and design are one
and the same” (Echenique et al 1994, 515), they somewhat shun each other’s approaches. It has been mentioned
that thoughts originating in Cambridge were “highly abstract and only remotely connected with the work of
practitioners” (ibid. 513) and therefore quite distant from the more dogmatic applications of space syntax. Both
also keep a distance from the contemporary ISUF-based ‘descriptive’ morphology.
57
According to Marshall, the typologies are “arranged as if stretching outwards from a historic core
of settlements to its outskirts.” From the nomenclature it is difficult to judge how serious or comprehensive the
typifying is meant to be – it follows the principle of mnemonic abbreviation: A for ‘altstadt’, B for ‘bilateral’, C for
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made obvious with the catchy name of the model, but a closer look at the analytical
part of Marshall’s work indicates that this classification scheme is set aside and not
developed in a coherent manner (Figure 12). Despite the different measures and
lengthy arguments used by Marshall, it is difficult to agree that the selected samples
are merely intermediary combinations of regular lattice and binary tree structures.
This is by no means to undermine this particular typology or other descriptive
typologies in general. Only the theoretical bases that Marshall uses can answer
the question of the origin of typologies. And again, as emerges later, entitation
plays a significant role in the challenge. The main problem to solve in the present
theoretical preliminaries section is how to measure the differences in grid-like or
network structures and create knowledge to grade them without getting on to the
path leading to dead classifications that end up being mere labels.

1.2.3 Measuring space
The act of measuring can be defined generally as the process of estimating the
magnitude of an observation. Usually the estimation is done in relation to some
reference unit. This broader definition reveals a confusion sometimes faced,
according to which only ‘quantitative sciences’ need advanced measurements.
In fact, the situation is usually completely the other way around, particulary if
‘advanced’ is understood as measures other than ordinary SI units.58 This is simply
because, using Ivar Ekeland’s words, “Nature is not calibrated to meter” (Ekeland
2000/2004, 21). By this he means that we rarely in our measurements run into a
situation where the quantity is equal to some positive integer. Changing focus into
sub-units is only a partial solution, since eventually the same mismatch is most likely
found at the edge of the subject area. Each subject area potentially needs the most
suitable system of parameters of quantification – metrics.59 It is therefore fair to
admit that explicitly defined metrics are superior to meters in any act of measuring
urban form.
Within the chosen metrics arbitrary subdivisions play a significant role. Thales’
theorem60 in geometry (which allows us to divide our gauge into an arbitrary number
of equal-sized sub-units) and the dynamic segmentation of pendulum length allow
any application of practical subdivision (Ekeland 2000/2004, 21). Therefore, for
example, the introduction of alternate modular standards like those used among
‘conjoint’ and D for ‘distributory’ or even ‘disurban’ – but it is obviously coherent in a specific sense (Marshall
2005, 84). The typology is characteristically a combination of knowledge based on facts of history and spatial
arrangements characteristic for the penetration of means of transportation in a society. The determining modes of
transport are not strictly divided according to urban typologies, but follow the scheme slightly asynchronously from
the era of pedestrians and horseback to horsedrawn carriages followed by the dawn of public transportation and
private cars.
58
SI is an abbreviation from French Le Système international d’unités meaning International System of
Units. SI units (and corresponding quantities) are: metre (length), kilogram (mass), second (time), ampere (electric
current), kelvin (temperature), mole (amount of substance) and candela (luminous intensity).
59
In this most general sense, metrics is used almost synonymously with the concept of measurement.
Hence metrics in this context are systems of parameters that are used to quantify the assessments.
60
Thales’ theorem can be put simply: Given two parallel lines AA’ and BB’. When two transversal lines
AB and A’B’ are extended all lines CC’ parallel to the original ones are segmented at equal ratios. I.e AB/BC =
A’B’/B’C’ is always true in Euclidean geometry.
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construction practitioners61 or architectural theorists,62 is just an implication of
an eagerness to achieve the most practical unit sizes. The problem of a city, and
especially the centre of a city, is that no common ‘yardstick’ or measuring rod can be
found for a reference of observation. In fact, most often not only the practicality of
a measure, but also metrics and entitation, varies from discipline to discipline. The
recent interest in the nature of spatiality in various disciplines has made it a strong
candidate for a common denominator.
The logical extension of geographical space is space with more than the traditional
four space/time co-ordinates. We ground our theory on this level. The space beyond
the third dimension is sometimes referred to by the concept of hyperspace, and
is likely to give mathematofobics the creeps. To ease entry into the next section I
recall an anecdote from an anonymous thinker: “People ask me, ‘Can you show us
this fourth dimension?’. And I reply, ‘Can you show me the first, second and third?’”
The bottom line in this remark is that in discussing dimensionality we are already
deep in abstract conceptualizations and bound up in measuring and its framework;
so why not enjoy the rest of it as well and move into the world of measuring and
classification?

A formal remark on space
The harveyan triad of absolute, relative and relational space has thus led us
to the notion that the concept of space in everyday usage has become a generic
substitute for the term frame of reference. We argue that the structure of this
reference framework we are projecting our observation against is fundamental in
differentiating absolute, relative and relational conceptualizations. Moreover, we
stress that for any observable spatial entities an implicit or explicit observation
model is necessarily required. In its most abstract form this model is an abstract
metrics that allows even the most primary ostensive definitions and classifications.
The framework is thus necessarily arbitrary.63 The arbitrary co-ordinates are just one
type of primitive frame of reference, but by no means the only one.
A broader and more analytical view of the problem of spatiality can be taken
through dimension theory. Dimension theory is based on the French mathematician
Henri Poincaré’s (1854-1912) definition of dimension as a reduction of continuum
(Hurewicz & Wallman 1941). According to Poincaré, it suffices to consider a
divided continuum as cuts or partitions of a certain number of elements that are
distinguishable from one another. This undivided continuum, containing cuts of a
system that itself forms one or several continua, must be understood as consisting
of several dimensions. The distinguishable values can further be represented as
co-ordinates in a corresponding dimension. Poincaré pointed out that very same
61
For example, the Japanese tatami floor mat measure (March & Steadman 1971, 202), or the more
recent harmonic modulation theory formulation Canon 60 by Aulis Blomstedt (Sarjakoski 2003, 91 onwards) and its
banalization in the Finnish BES element system.
62
For example, Albert Farwell Bemis, who showed how architectural forms could be built from four-inch
voxels (March & Steadman 1971, 199-202).
63
To say that the reference framework is arbitrary is not the same as saying “anything goes”, but instead
the same as “for implementation an explicit theory is required”.
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principle was introduced by mathematicians as three-dimensional geometry. It is
by means of cuts that are traditionally called surfaces that the continuum of space
is divided into three dimensions. On the other hand, from Poincaré’s definition
we realize that this three-dimensional space, or the Cartesian co-ordinate system
as it is familiarly called, is by no means the only possible way to divide space. The
most interesting feature in Poincaré’s definition, however, is that any cuts of reality
forming distinguishable elements can be understood as a dimension.64
Therefore, according to dimension theory, general geographical space is also
understood as n-dimensional space per se. The most general form of this hyperspace
is called topological space.65 On this occasion space is defined in its most abstract
form as a set with particular properties in a n-dimensional field of real numbers
(denoted ℜ , if n ∈ ℑ+ ).66 Objects with the n-dimension are therefore defined
formally as n-tuples and accordingly a set of all n-tuples forms a finite n-dimensional
vector space over ℜ . The power of Geographic Information Systems (GIS) is very
much dependent on this interlude of dimensions extending beyond conventional
physical measures. Almost any data containing geographical location information
can potentially not only be mapped as a visual property of that dimension, but
correlations between different properties can also be measured against that
location. Therefore the primary difference of the harveyan triad of spatial concepts
is not so much the arbitrary reference frameworks themselves, but more the fact
that the measures used for identifying entities are absolute, relative or relational.
n

A formal remark on measurement
As we have seen, the primary entitation instantly defines both the norm of
metrics and the object itself. Therefore the entitation always contains an implicit
seed of classification and measuring in it. The classification process is so deeply
rooted in our cognitive capabilities that some form of it is already in use when man
perceives or discusses his/her surroundings. Every nominal word, no matter how
general, requires classification of some kind (Harvey 1969, 326). Unity in itself is
unclassified and unquantifiable. Abler et al. describe this deep-seated requirement
for recognizing classified entities by saying: “If every object and event in the world
were taken as distinct and unique – a thing in itself unrelated to anything else –
our perception of the world would disintegrate into complete meaninglessness. The
64
Needless to say, except for the sake of greater completeness, time is naturally this kind of dimensional
variable (standardised to a physical dimension on scales ordinarily used in our everyday life via pendulum by Galileo
Galilei), but other features of reality can also be understood as such. Rudolph Carnap called these additional
dimensions a substance language (Harvey 1969, 215). More generally, additional dimensions can be understood as
properties or attributes for entities excluded from conventional geographical space.
65
The commonly used description of topological space dates back to the 1930s from Paul Alexandroff,
and goes as follows: “A topological space is nothing other than a set of arbitrary elements (called ‘points’ of the space)
in which the concept of continuity is defined. Now this concept of continuity is based on the existence of relations,
which may be defined as local or neighbourhood relations – it is precisely these relations which are preserved in
a continuous mapping of one figure to another. Therefore, in more precise wording, a topological space is a set in
which certain subsets are defined and are associated to the points of space as their neighbourhoods. Depending
upon which axioms these neighbourhoods satisfy, one distinguishes between different types of topological spaces.”
(Alexandorff 1932/1961, 8)
66
I.e. properly defined for any non-negative integer n.
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purpose of classification is to give order to the things we experience.” (Abler et al.
1972, 149) More detailed classifications of entities in turn likewise require some
rules and measures to distinguish entities one from each other.
The measurement of distinct entities is bound up with properties of entities and
how they can be compared with each other. This defines the levels of measurement
and more broadly the entire measurement theory. Technically, measurement is a
process where the relations of the attributes of entities are replaced with symbols
such that their relationship reflects the original relationships. The classic and most
referred to work on it was done by S.S. Stevens and documented in compact form
in the article “On the theory of scales of measurement” (Stevens 1946). Stevens
proposed a now classical division into nominal, ordinal, interval and ratio measures.
Stevens categorized measurable entities according to transformations that are
allowed to preserve relevant relationships among items. A more comprehensive set
of measures is summarized by Warren S. Sarle of SAS Institute Inc. as follows (Sarle
1995/1997):
Nominal:
Two things are assigned the same symbol if they have the same value of the attribute.
Permissible transformations are any one-to-one or many-to-one transformation, although a
many-to-one transformation loses information.
Ordinal:
Things are assigned numbers such that the order of the numbers reflects an order relation
defined on the attribute. Two things x and y with attribute values a(x) and a(y) are assigned
numbers m(x) and m(y) such that if m(x) > m(y), then a(x) > a(y).
Permissible transformations are any monotone increasing transformation, although a
transformation that is not strictly increasing loses information.
Interval:
Things are assigned numbers such that differences between the numbers reflect differences
of the attribute. If m(x) - m(y) > m(u) - m(v), then a(x) - a(y) > a(u) - a(v).
Permissible transformations are any affine transformation t(m) = c * m + d, where c and d
are constants; another way of saying this is that the origin and unit of measurement are
arbitrary.
Log-interval:
Things are assigned numbers such that ratios between the numbers reflect ratios of the
attribute. If m(x) / m(y) > m(u) / m(v), then a(x) / a(y) > a(u) / a(v).
Permissible transformations are any power transformation t(m) = c * m ** d, where c and d
are constants.
Ratio:
Things are assigned numbers such that differences and ratios between the numbers reflect
differences and ratios of the attribute.
Permissible transformations are any linear (similarity) transformation t(m) = c * m, where c is
a constant; another way of saying this is that the unit of measurement is arbitrary.
Absolute:
Things are assigned numbers such that all properties of the numbers reflect analogous
properties of the attribute.
The only permissible transformation is the identity transformation.

If we look at these scales not only from a purely quantifying point of view, but
from a quantifiable entity point of view, some contradictions may be found. Harvey
has paid attention to the fact that some writers (e.g. Torgerson, Nunnally) dismiss the
nominal scale from true measurements (Harvey 1969, 309). This is simply because
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nominal measuring is equal to any classification process. Therefore, if you are able to
distinguish entities and describe them with any symbols in the first place, you have
already crossed the threshold of nominal quantity.67 The same holds for the so-called
absolute measures. We cannot distinguish a symbolic attribute without primary
classification. Strictly speaking, ‘absolute measures’ are simply a misapprehension
that seems to require an illusory fulcrum or static point of Archimedes to become
true. Therefore, absolute measures can also seen as a result of entitation or
preliminary classification just as was the case in nominal measurements. I would
argue that the measures defined as ‘abstract’ are in fact relative to some abstract
or arbitrary point of reference – usually origin. Referring to the entity of a symbolic
attribute with the symbol itself is mere tautology.
If we stick to our general definition of measurement as a result of estimating
the magnitude of an observation, we can make further connections with entitation
and quantification. Measure is in more general terms any consistent assignment
of quantities to some subset of the base set. From the above discussion on levels
of measurement we may draw a futher distinction between measurement theory,
entities and connections in a harveyan triad of space.
The simplest measures are those of dissimilarity. The most commonly recognised
of these is the measure of distance that pins down a quantity that describes the
magnitude of the difference between any two observations. It can be seen that
this simple act of differentiating anchors itself in the same grey zone as the primary
processes of classification and entitation. Therefore, from the measurement point
of view, we combine the harveyan categories of absolute and relative aspects. This is
possible, because absoluteness is only a specific case of relativity, where the relation
is based on a more or less abstract reference framework (for example, the origin of a
co-ordinate system). Therefore distance can be seen as a basic relative measurement,
where the relativity simply means the explicit knowledge of the reference.68
Distance in space is therefore definable simply as a measure difference between
n-tuples. The different measures of distance can be differentiated on the basis of their
norms, which formally define the metrics that identify the types of measurement
more precisely.69 Therefore, at the bottom line the norms are functions that assign
orders to all measures between entities in space.70 Intuitively the most common
67
Abler et al. (Abler et al. 1972, 149) also include binary measures in the same category as nominal
ones, mainly because they seem at first glance to allow only equality comparisons (like is_connected(Yes/No), is_
within(Yes/No), power(On/Off) etc.). Sarle argued that often binary variables, on the other hand, are more precisely
interval (or ratio) measures containing only two items. The binary characteristics are only derived or reduced from
some other attribute (Sarle 1995/1997). Therefore, the nature of binary attribute is largely a matter of entitation.
68
Absolute measure is therefore a relative measure with an implicit reference point.
69
Distance metrics are expected to meet four requirements. Those of separation ( dij > 0 , if i ≠ j ),
equivalence ( dij = 0 , if i = j ), triangle inequality ( dij + djk ≥ dik ) and symmetry ( dij = dji ). Several most common
measurements of urban structure do not actually meet these requirements of true metrics. A trivial shift from
traditional Euclidian distances to time-based metrics in the real world provides examples where triangle inequality
(quasi-metrics) or symmetry constraints (semi-metrics) are not fulfilled. From our modelling point of view, we also
include so-called pseudometrics, where the separation constraint is not required. For a more detailed discussion on
distances see: de Smith (2003, 89-137).
70
We can address the relation between norm and metric as follows: in a given a normed vector space
(S,||.||) we can define a metric on S by d(x,y):=||x-y||. In the connection of terms it can be asserted that metric d
is induced by the norm ||.||.
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form of distance is the Euclidean distance, which is the first generalization of the
Pythagorean Theorem most of us recognize for any n-dimensional space.
Eq. 1.1		

dE(a,b) =
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a1 -b1 + a2 -b2 + ... + an - bn
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For convenience, in the following text we refer to this standard distance measure
as a geographical distance. Further generalisations are known as Minkowski distance
metrics. For p-order norm it can be defined as:
1
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where Euclidean distance has a p-value of 2. Different p-values are used to vary
the weights given to differences between variables. More interesting from the
perspective of the present thesis are the lower order 1-norm distance measures.
Most often they are known as Manhattan (a.k.a. city-block or taxicab) distances.
Also alternate and more complex distance metrics, such as Canberra, Czekanowski
or Mahalanobis distances, can be defined for analyses, but the interpretation of the
results potentially raises a problem of its own (O’Sullivan & Unwin 2003, 324). The
most important feature for implementing alternative metrics is their capability to
handle relative space in various ways.71 It is most important to fit the measures with
the entitation. It is therefore noteworthy that most of these decisions concerning
both entities and their degree of difference are already set in the original problem
posing phase of a work.
For example, graph distance, which will be used in this study as a topological
distance, or cost travelling, through a connectivity graph of entities, can therefore
be understood as being closely related to the above-mentioned notion of distance
in Euclidean space. The difference is that in a graph defined in topological space
the norms are defined only according to the magnitude, but not for the direction
of a space. Therefore questions concerning this need to be reformulated. In the
same way, distance can be understood in close relation to similarity measures, since
similarity and difference are reciprocals of each other. Similarity measures can be
thought of as a terminological convention to describe measures comparing entities
by a search of shared attributes. For example, Levenshtein distance or more generally
edit distance for nominal data can be used to quantify the degree of difference in
data that often is considered non-quantitative.
71
To demonstrate some of their advanced characteristics, consider the pseudometric norm known as
Canberra distance:
n 
a -b 
dC(a,b) = ∑  i i 
i=1  ai + bi 

with two lines defined by points a1 (1,2) ; b1 (3,4) and a2 (14,8) ; b2 (16,10) . It is easy to see that the Euclidean
distance between points in both cases is twice the length of the hypotenuse of the unit square, dE = 2 2 . On
the other hand, the Canberra distances for lines 1 and 2 are dC = 0.8333... and dC = 0.1777... accordingly. This
example shows that the Canberra distance measure is relative to the location of a line in a coordinate system
which differs significantly from absolute measures derived from Minkowski metrics. A more profound discussion of
relative metrics will follow later on in Section 2.3.3, once the focus of the thesis is established.
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The flexibility of measuring enables us to take the argumentation to nearly
imaginary extents. Hawley documents some of the extreme beliefs in measuring
from Robert Park, who in 1929 suggested that the whole of sociology could be
reduced to measures of distance (Hawley 1986, 2). Despite Park’s slight exaggeration,
the idea has fallen on fertile ground in studies of social networks (Craven & Wellman
1973). The sociological theory of network city was an early attempt to measure the
connective nature of a population and its structure as a mereotopological whole.
From measurements this requires some more advanced manoeuvres than relative
distance alone.
If we agree with the definition of relative measures as those that allow the
comparison of two entities, we may naturally broaden our scope of measurement
to include quantitative information on several entities. Following Harvey’s notions
of space, we can call these relational measures. When more than two entities are
involved, naturally not only the valuation of dissimilarity is possible, but also more
complex measures, for example, the degree of clustering, diversity, etc. On this
level the entire statistical palette of tools becomes available and the difference in
geographical dimension blurs into multivariate mapping (O’Sullivan & Unwin 2003,
336-355). To keep the discussion simple, it is worth noting that within the context of
relational measures the sky is the limit for variation. But before moving on from our
thesis point of view, it is important to make a further distinction regarding relational
measures. Following the earlier discussion, these distinctions are made according to
the features of aggregation and scaling.
From the aggregation point of view, measures can be either divisive or
agglomerative. Divisive measures are those used to evaluate the extremes of a
set, such as the nearest or farthest neighbours or in the case of distance measures,
for example, Chebyshev distance72 or other minimizing and maximizing functions.
Agglomerative measures in turn are different averages, such as mean, median or
centroid measures. All of these are in use in the two following chapters and discussed
further when necessary. The measures related to scaling are those necessary to cope
with neighbourhood extent, which is also my primary concern. By default, several
measures are defined for the entire set of data, such as, for example, the group
of measures for spatial autocorrelation.73 Since the knowledge of the existence of
clusters is often not enough, more information on the local characteristics is needed.
It is often not possible to assign a size to all subsets, so in more serious mathematics
known as Σ-algebra certain consistency conditions that govern which combinations
of subsets are considered mandatory. For geographic analyses with a discrete dataset
techniques known as Local Indicators of Spatial Association (LISA) can be utilised
(Anselin 1995). For example, the most familiar spatial autocorrelation function,
Moran’s I, is a summation of individual crossproducts, while Anselin’s LISA evaluates
72
Chebyshev distance, also called Maximum value distance, examines the absolute magnitude of the
differences between coordinates of a pair of objects. This distance can be used for both ordinal and quantitative
variables.
73
O’Sullivan and Unwin cleverly describe spatial autocorrelation as “a mouthful of a term referring to
the obvious fact that data from locations near one another in space are more likely to be similar than data from
locations remote from one another.” (O’Sullivan & Unwin 2003, 28) For more detail see: Cliff & Ord (1973); Ord &
Getis (1995).
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the statistical significance of “local Moran’s I” for each spatial unit.74 Therefore this
local indicator provided by Anselin resembles passing a moving window across the
study area and examining the dependence within the chosen region for the site
located at the centre of the window (Anselin 2005). LISA can hence be understood
as a spatial counterpart to unit step function (a.k.a. the Heaviside step function),
where the function operates as an on/off swich to create a discontinuity for specific
values. More generally, this localization can be done for any agglomerative measure,
as will later be shown.

Topology as a configuration
At this point I have reverted to the issues of entitation and aggregation discussed
in Section 1.2.1. I now continue to the second component of mereotopology and
attempt to grasp principles regarding how the topological relations form wholes.
Earlier in this thesis the often mentioned concept of topology75 was associated with
the Poincaré approach, that can be described as follows: Topology concerns the
qualitative analysis of spatial configurations that are invariants in continuous inverse
unbiased descriptions. Poincaré’s concept of homotopy explains the characteristics
of topological space more clearly. Homotopy defines topological invariants that can
be transformed with continuous deformation into each other. Thus metric spaces
that can all be continuously deformed from one to each other can be seen as a
subset of topological spaces. Therefore topological descriptions can be understood
as being more general than metric descriptions, since they focus on fundamental
relations between entities that allow the interpretation of independent systems
of objects. This generic notion of space contains the idea that the characteristics
of space depend only on axioms of relations and not on the nature of respective
objects (Alexandorff 1932/1961, 9). Therefore the key concepts for understanding
the nature of any configuration are those of neighbourhoods supporting the
continuity in the first place and not the quantities of it. This also gives an explanation
to the common nickname of topology as ‘rubber-sheet geometry’.
When topological understanding is combined with graph theory, it is easy to see
that a plain unweighted graph is isomorphic with discrete topological space. In this
special case of networks, topology focuses on the generalized structure of relations
that are stripped from the metric specificities of any particular node and instead link
entities. Moreover, it can be said that in relation to graph structures, the topological
approach thus facilitates the is-connected-to relationships to the network and leaves
the primary mereological whole-part division untouched.
74
For more localized functions see: Getis & Ord (1996).
75
The birth of both graph theory and topology is commonly associated with the Swiss mathematician
Leonhard Euler’s 1736 paper on the seven bridges of Köningsberg. Taking into consideration the development
of both fields, it seems fair to make some further remarks. Today topology has grown into a major branch of
mathematics which covers not only geometry, but also arithmetic, and has fused into formal abstractions and
fundamental concepts of generalized algebra (Boyer 1989/1995, 867). The history of topology can be divided into
two fairly independent parts: those of combinatoric topology, that has its history in Henri Poincaré’s Analysis situs
(1895), and that of point-set topology, that leads back to Georg Cantor’s set-theory (1874-84) (ibid. 841). Eventually
topology was unified in the work of Luizen Egbertus Jan Brouwer, which started the intensive development of the
field that continues to the present day (ibid. 865).
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A

t this point of the thesis there are only entities and quantities – or optionally,
names in alternative representations: objects and relationships; nodes
and links; edges and vertices. This would admittedly be quite a dull world.
Fortunately, due to combinatorics and subdivision there is also a possibility to move
on different scales in these configurational hierarchies. With this remark we have
finally entered into the nested organization of object (more commonly related to
so-called structuralist ideology) as formally defined by Nicholas Bourbaki.76 Since
we are going to absorb them for thesis as such, the key features of the structural
approach ought to be recalled. J.A.P. Hall (1960, 250) summarizes the definition of
mathematic structure by Bourbaki as consisting of:
(i) sets of elements and sets of sets
(ii) one or more relations into which these elements or sets enter
(iii) axioms or explicitly stated conditions satisfied by the relation or relations

As will be seen, all these topics have already been discussed in passing. The rest
of the chapter is dedicated to the problem of sets, sets of sets and their relationships
in the urban fabric.
Hierarchy implies no more than a spectrum from ‘major’ to ‘minor’.77 Hierarchy
can in its basic sense be seen as an ordered sequence of entities, so it is easy to
see why the term has also appeared in unexpectable circumstances. This is because
in evaluation based on the scales of measurement beyond nominal measures any
set can be easily ordered in hierarchies. Herbert Simon has made some additional
important remarks on the narrower etymological meaning of this gamut of
quantities. Originally hierarchy refers to a formal organization where subsystems
are in subordinate authority or dominance relationship with each other. Simon
extended this meaning for complex systems by requiring that subordination and the
distinguished ‘boss’ are not enough to describe the successive set of subsystems
common in our everyday lives. Following Simon’s logic, it can be concluded that
the disassemblace of entities sufficiently describes hierarchy, but allows a more
constructive understanding that the subsystems are not independent of their
hierarchical relationships. Simple partitioning needs a conjunction with the relations
that hold among its parts (Simon 1962, 468-9). Therefore hierarchy is essentially
bound to configuration and the mereotopological whole that we approach from
different angles in the context of urbanism.
76
Bourbaki was identified as follows: “Professor N. Bourbaki, formerly of the Royal Poldavian Academy,
now residing in Nancy, France, is the author of a comprehensive treatise of modern mathematics, in course of
publication under the title Eléments de Mathématique (Hermann et Cie, Paris 1939), of which ten volumes have
appeared so far.” (Bourbaki 1950, 221) To avoid confusion, it might be important to explain that Nicholas Bourbaki
was in fact the pseudonym of an amorphous group of young (age limit 50) French mathematicians, who from the
1930s onwards took the initiative of collective writing in order to update treatises on mathematical analysis. For
more details see: Hall (1960) and Corry (1996/2004, Chapter 7).
77
Stephen Marshall stated exactly the opposite in his inspiring book Streets & Patterns (Marshall 2005,
160). I deliberately insist on stating something different, since Marshall’s comment seems to be heavily bound
to urban hierarchies and is understandable only within that context. My opinion, as will be seen later on, is that
the confusion lies not in hierarchies themselves, but in entitation and acceptable mereotopological wholes that
precede the hierarchical classification.
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1.3.1. Urban configurations
The concept of configuration in the subtitle of this work forms an important
narrowing perspective for the scope of analysis of urban form. Speaking in the
context of configurational analysis, the concept itself is to be understood as a
neologism coined from various disciplines, yet it still largely lacks a commonly
accepted definition beyond general definitions. In general, configuration describes
an arrangement of parts. In mathematics, in turn, a configuration is understood as
a general term describing an arrangement of points in a certain way without further
knowledge of particular order.78 The root of the concept lies in the transitive verb to
configure, which may be understood according to standard interpretation as “to set
up something in such a way that it is ready for operation for a particular purpose”.
It is also important to note the concept of figure (in the sense of shape, drawing
or representation) in the stem of the term.79 In the most prosaic characterization,
a configurational approach can thus be seen as a precise attempt to answer the
question: How are things put together?
Early examples of understanding topology as configuration can be found in March
& Steadman (1974) and before that the extensive utilization of topology as a generic
method for urban analysis was outlined by Haggett (1967, 634-642) and Haggett &
Chorley (1969, 3-56). Although these writers brought topology into the discussion
as a potential tool for understanding the interrelational properties of generalized
urban entities on multiple scales, technically their knowledge is largely backed up
with earlier findings in graph theory80 which date back at least another hundred
years.
78
For more accurate formalism see: [http://mathworld.wolfram.com/Configuration.html]
79
A relating thread of discussion to this disturbingly simple looking redefinition can be found in the
field of sociology. Norbert Elias is often acknowledged for bringing into the discussion of sociology the concept of
figuration in his 1939 book The Civilizing Process. Figurational sociology is an attempt to bring evolving networks
of independent humans into the focus of investigation. It can be seen as an endeavour to change the theory that
unnecessarily reduces social processes into separating elements by divorcing actors from their actions. The main
concern of this branch of intellectuals is to focus more clearly on processes and not single states of phenomena.
Therefore great similarity with the concept of configuration used here can be found in the attempt to collect
information from how the entities are related in a set. This approach clearly positions figurational thinking among
a particular group of worldviews that goes back to the ancient Greek thinkers. This so-called evolutionist point of
view is in favour of emergence, evolution and the world of becoming, in contrast to a creationist, fixed classificationbased perspective that seems to be fading into the background as multidisciplinary perspectives are required.
These large-scale shifts towards seemingly evolutionist standpoints are very characteristic of the current phase of
various scientific disciplines. The difference between ancient metaphysics and the present science world is that
the previous confronting dualisms are today more properly understood as complementary approaches and under
constant attempts to bridge them. This general tendency of more dynamic conceptualizations can accordingly be
found in a recent architecture theory that, according to Kojin Karatani, is bridging from techné through poiesis to
self-referential formal systems to autopoiesis (See Karatani 1995, 93 for a more detailed discussion).
Current shifts relate to the fact that despite the reasonable success of classifying fundamental particles and their
basic interactions, even the fields of precise natural sciences, such as physics, seem incapable of explaining how
individual behaviour aggregates to collective behaviour. This is precisely the question Duncan Watts posed in
his book Six Degrees, which outlines the new science of ‘Connected Age’ that combines all versions of the same
question on synergy and complexity (Watts 2003). Watts’ point of view is from the multidisciplinary science of
networks, which during the past decade has successfully demystified basic questions of combinatorics; how the
simple connections create connectivity that rules out the individual characteristics and combines them into an
entirely different story.
80
See the detailed discussion in Chapter 2.
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To find some further restrictions for configuration, and not letting it suit all
attempts to define more dynamic conceptualizations of urban form, I shall refer
to the definition of configuration space in classical mechanics, and especially its
difference from its counterpart, phase space, that is even more eloquently sucked
into dinner table discussions from the books of popular science. Configuration space
refers to mathematical space or a manifold81 where the locational information of
a physical system may be represented. It can be seen as a reduction of a larger
phase space covering all possible stages of a system. In common mechanical
n-dimensional systems the phase space is twice as large (2*n dimensions), because
it is supplemented with momentum information for each position. Therefore, an
object of a spinning top may be represented in 3-dimensional configuration space
and the dynamics of a top spinning in 6-dimensional phase space. Therefore
the concept of configuration may be defined focusing on structural rather than
procedural conceptualization.82
The brief discussion above and footnotes are intended to confirm that a
concept of configuration per se does not make a difference as to which level of
representations of spatial awareness the analysis itself takes place. In fact the
configurational approach is to be seen as an attitude towards a more generic set of
tools for analysing how the collective entities emerge from sub-units. This stresses
the important fact that configurational examination is closely bound up with discrete
entities of some kind. I shall focus on these entities of urban form more clearly in the
following chapter, and continue searching for methods that bring these entities into
relation with each other for configurational analyses.
In his book Streets and Patterns Stephen Marshall took an ambitious step
towards a precise definition of the concept of configuration in the context of the
analysis of urban form (Figure 13). To tackle the problem of representing patterns
of urban form Marshall creates a strong framework:83 composition, configuration,
constitution. The representations of space as an unbuilt void, as in the Nolli map
examples discussed earlier, are instances of compositions. In Marshall’s own words:
“Composition refers to absolute geometric layout, as represented in a scale plan,
featuring absolute position, lengths, areas orientation.” Configuration, on the
other hand, can be seen as a 1st order reduction of a composition. It is a topological
transformation of a geometric object, and will be discussed in the necessary detail
below (Marshall 2005, 86).

81
A manifold is a space containing a Euclidean-like local neighbourhood, even though its global
arrangement is more complex. Manifolds can therefore describe, for example, more complex surfaces than
Euclidean planes such as spherical or toroidal planes (all called 2-dimensional manifolds or 2-manifolds).
82
This also gives an idea of the ambitiousness of Anne Vernez Moudon’s demand to include the
temporal dimension in typomorphological analyses (See Section 1.2.2.). This would require a whole new set of
momentum variables for each dimension of every object. At the moment, the existing procedural descriptions of
morphology seem at this point quite far from even this on the most local scale of urban form. The work of Garcia
Alvarado et al. (2007), on the other hand, serves as a good example of the difficulty of defining the proximities of
directional momenta.
83
Again, with the mnemonic dimension of the three C’s that is admittedly more convincing in an
academic sense (yet not as commonly recognized) than, for example, the American Automobile Association or the
Big Bacon Barbeque.
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[Figure 13] Various representations of network
hierarchy (After Marshall 2005, 166)
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The third concept, constitution, is most confusing in Marshall’s contribution.
Theoretically he correctly refers to the concept as a 2nd order abstraction from
composition. In his description Marshall claims that constitution is essentially an
explicitly defined hierarchy (Marshall 2005, 166). Thinking carefully despite this
beautiful theoretical construction, this is not how it is implemented elsewhere in
his text. The confusion arises from the manner in which the hierarchy is understood.
For Marshall the hierarchy is based on properties, such as tier and type, that are not
self-evidently a 2nd order reductions. In fact, I would argue that they are more likely
alternative 1st order reductions of composition! Or one could even say that they are
possibly even dimensions (properties) that are not even included in compositional
representation in the first place.84 Clearly one cannot at least derive the constitution
structure from configuration without a separate labelling procedure that tags the
outcome of 1st reduction with substantial additional information.
That is not to say that one could not have hierarchies as a 2nd order reduction, but
only that the hierarchies that Marshall used are not of that kind. This is not only a
mere possibility, but in fact the direction that our configurational approach is going
to take. Hence I will continue with some additional remarks on reduction processes
that supplement Marshall’s framework. The most obvious change when transferring
from composition to configuration is the dropping of dimension in spatial entitation:
the geometric surface is represented as a collection of linework. Technically this is
easily achieved using a suitable algorithm.85 In a comparable sense we can quantify
84
Hierarchies can be considered as 1st order reductions if the types can be derived from the entities of
composition. For example, street width could be considered to be such a classifying principle.
85
It is important to note that in general surface to line reduction can be done in multiple ways; so for
each task the skeletonization is to be defined explicitly according to the desired properties of output entities. Vector
based algorithms usually take advantage of so-called Voronoi polygonization. These usually retain both a geometric
centre position and correct topological structure. The downside of these is that the computation is usually very
costly. Raster based techniques are only approximations, since they are based on cellular subdivision. Two common
methods are distance transformation and thinning processes (see, for example, de Smith 2004). To get an overview
of the functionality I refer to Jang & Chin (1990), who describe the thinning process as “the successive removal
of outer layers of pixels from an object while retaining any pixels whose removal would alter the connectivity
or shorten the legs of the skeleton” (Jang & Chin, 1990). See also Couprie (2005) for benchmarking of thinning
algorithms.
It is also worth mentioning at this point that skeletonization is not the only way of producing linear entities. Some
of the principles are even, in fact, suggested for axial map linework, and so they are discussed in more detail in
Chapter 3.
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configurations to create hierarchies of constitution. The measurements can be
either analytical or algorithmic, as discussed in Chapter 2. Moreover, the resulting
spatial entities may be dropped to 1-dimensional points retaining their approximate
location, or alternatively they may be attached to upper level entities as additional
dimensions (properties).
From the perspective of the present work, it is important to stress the exceptional
feature of the configurational approach, which is the aim to connect global and
local characteristics of in themselves static entities. Local characteristics are set
according to a relative position within a configuration, which also means that local
characteristics are not merely local, but instead local features are determined
from the surroundings.86 Therefore, we can claim that configurational objects are
representations of a relative space.

1.3.2. Scale and threshold
Scale87 is probably one of the first concepts that students of architecture
are faced with at the beginning of their studies. Yet it often remains implicitly
defined and the use of various scales is adopted mostly via the practical learning
period. Working with maps is done almost unconsciously, and it is easy to forget
how maps in fact eliminate a whole bunch of details in a straightforward manner.
Scale discussed in relation to maps is ordinarily called a cartographic scale, which
expresses the ratio between the map and its reference, and therefore impresses
the degree of simplification of cartographic representation that always is a trade
off between detail and extent. Maps are among the first models to be used in the
planning practice. Maps could therefore be defined more precisely as scale models.
This brings to the fore the essential characteristic of modelling: to talk about a model
is to talk about reduction. But when discussing models the reduction itself is neither
good nor bad, it just is the inescapable nature of the work.88
This opens up the discussion for an additional feature that is an essential
counterpart of scalarity – the concept of threshold. When focusing on maps, the
threshold can be easily understood as a perceptual threshold that defines what the
smallest perceptible detail is. For the average observer the threshold lies around,
say, 1 mm. This simply means that the size of a map determines the minimal
size of the features that can efficiently be presented in it. The ratio between the
smallest distinguishable unit, sometimes called grain size, and the extent is called
relative scale.89 More broadly speaking, the threshold defines the smallest scalar
reference framework that controls the entire entitation process. This is also true
86
Using alternate terminology from economics, we could also say that local configurational properties
are manifested externalities of local neighbourhood.
87
Scale; etymology, Latin. Scala, meaning in English ‘ladder’.
88
Otherwise it would be just reflecting the idea of Jorge Luis Borges; that is, the most accurate map is
the target itself. The downside of this extreme accuracy is that it would lose most of the characteristics that in maps
are found useful in the first place.
89
Geographical Information System (GIS) applications have made the selection and definition of
reference parameters more flexible, since it is technically simple to generalize the representation and master a
wide relative scale. The upper cut-off of representation is therefore flexible up to the extent of data, while the lower
cut-off remains fixed at the level of detail data.
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in typomorphological analyses, where the level of detail is carried along with
each entity. Sometimes it is inherited from cartographic data used as a source,
and sometimes a result from the documentation process from a site. Caniggia
used concept level of specifity to describe this progressive, intentionally chosen
examination range of an observation (Caniggia & Maffei 1979/2001, 95). Referential
scale based on a collected data could to a limited extent be reflected in auxiliary
measures and processes such as distribution, distance or aggregation threshold. For
any kind of statistic data acquisition the scale proposed as a reference framework is
hence of utmost importance.
But scalarity is not only a property of representations. Although in practice scales
are associated with the scale-factor, i.e. multiplication by constant, scale is far more
universal and deeply rooted in our notion of the world. The most fundamental
feature of threshold is that it protects us from gross information overflow and
defines scale ranges where the observation of crisp entities is possible in the first
place. Measurements are therefore arbitrary and convoluted with entitation; this is
best expressed in the case of fractality (Mandelbrot 1977, 25-33).
In physics scalar properties are the physical quantities that are not dependent on
direction and are therefore also independent of coordinate systems. This technical
definition follows the logic of the mathematical definition of scalar multiplication.90
In the case of fractal information, the extents of information are not only outwards,
as in the extents of a map, but also inwards, like Richardson’s classic example of
measuring the lengths of coastlines (Mandelbrot 1977, 33). Therefore measurements
can be divided according to their scalar dependency. Scalar properties are the ones
operating only within predefined magnitudes.91
The threshold of data may naturally be susceptible to erroneous conclusions, but
it may as well be used in an innovative way. Obviously it may hide information,92
or lead to a partial answer,93 or simply pave the way to an ecological fallacy. On
the other hand, the data threshold may give specific flavours as, for example with
Caniggia, who sees in it the “possibility of investigating typological structures
according to progressive examination range” (Caniggia & Maffei 1979/2001, 95).
This is a prime example of an empirical method to operationalise the concept of
scale and benefit from the noise.94 The scale therefore defines a mantle that covers
unnecessary details and enables the extraction of information. Reflecting on Hans
Christian von Baeyer’s idea, we could state that for typomorphologists scale is the
noise that protects the information on urban form (von Baeyer 2003/2005, 195).
The main task is only not to lose information that by its nature is multi-scalar or
fractal.
90
This is not to be confused with scalar product, which is a binary operation that takes a vector and
returns a scalar quantity (see Section 1.1.2.).
91
Distance measures are therefore scalar by definition, in comparison to measures of displacement,
which refer to vector spaces with specific magnitude and direction.
92
One of the boldest examples of this is a suggestion that several findings of the so-called rank-size rule
are in fact inadequate – a result caused by systematically too coarse datasets lacking the smallest observations. For
example, regularities concerning the size distribution of cities that have been claimed to follow Zipf’s law (Pareto
distribution) would instead fit better with Gibrat’s Law (lognormal distribution) (Eeckhout 2004).
93
For example, partial fractality (Kaye 1989).
94
In a standard scientific sense meaning data that does not fit the scale, pattern or prediction.
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One of the most impressive realizations of orders of magnitude is Kees Boeke’s
fantastic children’s book Cosmic View: The Universe in 40 Jumps 95 (Boeke 1957).
The common interpretation of the book has often been to embed a particular world
view within a reader; that is to say, to persuade him/her to forsake a petty bourgeois,
egocentric concentration on his/her immediate surroundings.96 Albeit this becomes
obvious when spotting even the most ambitious scope of urban design and planning
approximately from row four in the matrix of magnitudes. On the other hand,
an equally important task was to get people to absorb the benefits of the metric
system, and even give an introduction to a logarithmic scale.
The last attempt to tackle the problem of urban planning in terms of scale as a
whole dates back to late 1960s and early 1970s. At that time there was still a naïve
belief in a comprehensive holistic, even totalistic, view for planning. The symptoms
of ideology may be divided into two complementary, but clearly distinguishable,
approaches: system theory and ekistics.97 Ekistics is situated interestingly half way
between a megalomanic system approach and an organic typomorphological
tradition. It is also among the first studies to adopt theories of modern biology
and evolutionary concepts to the urban planning context. Therefore the setting of
ekistics is still very fresh. At the same time, Constantinos Doxiadis was enthusiastic in
admitting the architects’ minimal influence in the creation of urban space (Doxiadis
1963, 12), coordinating the development to avoid inevitable disaster (Doxiadis 1967,
5-4) and increasing the quality of settlements via morphogenesis (Doxiadis 1973,
399-403). From today’s perspective, this challenge seemed very prophetic, with
only the underestimation that not only architects but also other disciplines in urban
planning have also lost control in the creation of urban space.
Gerald Dix takes the view that the starting point of ekistic analyses “have been
the need to bring order into certain ground rules for classifying data and establishing
systematic methods for planning human settlements beginning with architecture
and engineering” (Dix 1973, 235). The fundamental entity for Doxiadis is a single
human, anthropos, but it turns out to be most often only a starting point, motivator
or measure for the research itself. A huge amount of work has been done to classify
physical urban structures according to their size. The table below gives a brief idea of
the classification, the nomenclature and the corresponding scalarity.

95
The legacy of a book includes the better known movie Powers of Ten by The Office of Charles and Ray
Eames, which in turn was converted into a book by Philip and Phylis Morrison (Morrison et al. 1982/2001).
96
We tend to forget how vast are the ranges of existing reality which our eyes cannot directly see, and
our attitudes may become narrow and provincial (Boeke 1957, 4). Boeke was a teacher and therefore the message
can be thought of as purely pedagogical. Only after converting the idea for a grown-up audience by the Eames and
Morrisons has it gained slightly moralistic connotations.
97
Ekistics is a branch (or maybe a leaf) of science, that was proposed by the Greek architect Constantinos
A. Doxiadis. By definition ekistics was supposed to be a unified science of human settlements and its challenge is
documented in a scripture-like opus of the same name (Doxiadis 1967). The research activity has been published
since 1955 in a journal Ekistics. Systems theory that is closely related to urban modelling will be outlined in Chapter
2, while here I continue by taking a closer look at spatially-oriented ekistics.
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[Table 1]Collection of ekistic units from 1973 from the Ekistics thematic issue “Size and shape in the growth of human communities” (October 1973) and the last version
of the classification by Doxiadis himself from 1977 with proposed sizes (Doxiadis 1977, 56). The last column also shows a roughly corresponding scale factor that fits the
scale range from 6 to 7 originally suggested by Walter Christaller (Christaller 1933).

Level

Nomenclature 1973

Nomenclature 1977

population Factor (6,653)

1

Man

Anthropos

1

1

2

Room

Room

2

-

3

Dwelling

House

5

6.6

4

Dwelling group

Housegroup (hamlet)

40

44

5

Small neighbourhood
Small neighbourhood (village)

250

294

6

Neighbourhood

Neighbourhood

1,500

1,959

7

Small town

Small polis (town)

10,000

13,034

8

Town

Polis (city)

75,000

86,717

9

Large city

Small metropolis

500,000

576,929

10

Metropolis

Metropolis

4 million

3.84 million

11

Conurbation

Small megalopolis

25 million

25.54 million

12

Megalopolis

Megalopolis

150 million 169.9 million

13

Urban region

Small eperopolis

750 million 1.13 billion

14

Urbanized continent

Eperopolis

7.5 billion

7.52 billion

15

Ecumenopolis

Ecumenopolis

50 billion

50.0 billion

Despite the exquisite fit with the scaling phenomenon, there seems to be a clear
tendency in Doxiadis to support nicely rounded decimal numbers. This is also very
obvious in the various cartographic scales applied to maps in the book Ekistics. This
would be a perfectly understandable way to follow the conventions, though it is often
apparent how poorly they fit the above classification. The maps seem every once in
a while to include zooming that is somewhat arbitrary in comparison to the urban
structure they present. In fact, it is related to the same belief as Boeke’s convention,
the belief that ten is somehow superior to some other basis for a numbering system.
Following this argumentation, we can build an alternative scalar representation
that is more closely related to the spatial than the population characteristics of
settlements. When it is recognized that Boeke’s scales from 100 to 107 can be divided
into 16 classes of settlement sizes, we realize that the scale factor is alarmingly close
to the base of the natural logarithm (e = 2.718). Interestingly, this is exactly what
Nikos A. Salingaros concluded (based on discussions with Christopher Alexander)
as being one of the fundamental characteristics of architecture (Salingaros & West
1999; Salingaros 2006, 82). Without attempting a more comprehensive explanation
for this common finding than is necessary98 to draw a clear picture of the physical
98
The following table is suggested to be read as more comprehensive than standard ekistic units but not
more comprehensively than the world itself. Doxiadis had major difficulties in classification because of variation in
social and cultural organization, difference in production and so on. Therefore the measures and verbal distinctions
are tentative, because changing meters to nibw, yard, chĭ, bù, pace, ken or orgye would scale the measurement
accordingly and the naming conventions in different countries differ one from the other even more. Also, it should
be kept in mind that the scales derived are rough approximations that in fact neglect several important geometric
properties, for example vertical dimension in most local orientations in the intermediate and spherical surface on a
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scales around us, it could be summarized in a matrix as: Urban view – A corner of the
universe in 17 steps. (See table pp. 60-62)
The most valuable contribution of Doxiadis is the recognition of large-scale
transformations in urban form that was the subject of his 1963 book Architecture in
Transition. Two especially valuable remarks can be pointed out in it: first, the growth
of supersize urban agglomerations and second, the ultimate dynamism of the urban
structure. The first contains the idea of the last items in the above table on scaling,
where the differentiation of smaller cities was no longer possible and the overlapping
areas of economic influence emerged into vast conurbations like the BOSWASH
region on the east coast of the United States. Later we have also witnessed this
development in Europe, Asia and Latin America, as Doxiadis suspected. For him the
global networking was the obvious driving force (Doxiadis 1967, 449-450).
The second remark on the essential dynamism of urban structure has proved to
be more difficult to cope with. For Doxiadis the centrality in urban structures was
not just a necessity to deal with, but it became the most remarkable design strategy
for cities that exemplified a new framework – dynapolis (Doxiadis 1963, 99-106).
The crucial remarks he made concerning the inertia of urban structures and partial
insufficiency of existing urban form (ibid, 101), on the other hand, were not new.
In fact, they are exactly the same as concluded by Le Corbusier 40 years earlier.99
The novelty instead was in the solution to the problem. What led to the reckless
demolition of old city centres as an unfortunate legacy of Le Corbusier was taken as
a new challenge by Doxiadis. In his own words:
“We must conclude that the framework within which we create our architecture is wrong,
binding its most basic precept thus. We must be on the wrong track. We must find a new
conception of the city. What we need is not a static city, the limiting forces of which we
have just demonstrated, but the dynamic city – dynapolis. This is the city of the future,
conceived as a city which can expand and always be ready to create a new centre and new
neighbourhoods.” (ibid. 100)

Doxiadis himself suggested a new unit of planning, the human sector, which is
recognized today as a growth axis or development corridor (Doxiadis 1963, 106
onwards). On the other hand, in the analyses of urban form he did not in fact
continue that much further and the images of dynapolis remained as static as
ordinary classic representations of nearly any city (Doxiadis 1967, 101-109; 467487). But the legacy of human settlements as higher order complex organisms and
the notion of urban form as a product of internal interaction on multiple scales are
in themselves convincing and revolutionary (Doxiadis 1973, 281).

global scale. Difficulties of differentiating stages of urbanism from nomadic settlements to 1960 structural planning
ideals have also caused some fluctuation in terminology.
99
Le Corbusier (1929/1987).
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[Table 2] Names of habitation units and distances between them as formulated by Doxiadis (1968).

exp

Distance (m)

Scalar idiom
(unit exclusively
occupying same area)

0

1

Anthropos
(man)

p.319

1

2.718

Room
(hut)

p.83

2

7.39

Small building
(house)

p.319

3

20.1

Building
(manor)

p.188

4

54.6

Small neighbourhood
(house group)

p.66

5

148

Neighbourhood
(hamlet)

p.188

Footprint

Reference in
Doxiadis 1968
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exp

Distance (m)

Scalar idiom
(unit exclusively
occupying same area)

6

403

Small district
(village)

p.144

7

1,096

District
(borough)

p.294

8

2,978

Small polis
(town)

p.156

9

8,096

Polis
(city)

p.158

10

22,003

Small metropolis
(county)

p.75

11

59,805

Metropolis
(province)

p.166

Footprint

Reference in
Doxiadis 1968
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[Table 2] Names of habitation units and distances between them as formulated by Doxiadis (1968).

exp

Distance (m)

Scalar idiom
(unit exclusively
occupying same area)

12

162,552

Small megalopolis
(nation)

p.168

13

441,817

Megalopolis
(state)

p.81

14

1,200,859

Small eperopolis
(region)

p.82

15

3,263,937

Eperopolis
(continent)

p.439

16

8,871,381

Ecumenopolis
(world)

p.380

Footprint

Reference in
Doxiadis 1968

Scale in itself can be considered a hierarchy. The first steps towards understanding
the birth of these scalar hierarchies was documented in a special issue of Ekistics under
the theme “Size and shape in the growth of human communities”. All the authors
except Doxiadis focused on a specific theme concerning growth – allometry.100 The
concept of allometry refers to the very principle we have been addressing in the
introduction to scalar transformations. It is in its broadest sense a study of size
100

Etymology derived from Greek allos (ἄλλος, ἄλλως), meaning literally ‘other measure’.

and its consequences, and is closely related to the notion of relative growth. The
allometric consequences of growth have been known for hundreds of years, at
least since Galileo Galilei.101 Ludwig von Bartalanffy generalized knowledge gain
thereafter by saying: “It is a truism
in engineering that any machine
requires changes in proportion to
remain functional if it is built in a
different size.” (Bartalanffy 1964,
21; cit. Gould 1973, 256) Galileo’s
principle was clearly bound up
with laws of gravity: the strength
of a bone is proportional to the
cross-section area, while the load
in turn is relative to its volume.
Therefore, to retain the stress of the growth the area-volume ratio must remain the
same and requires a morphological transformation. D’Arcy Wentworth Thompson
later (1917) expanded the idea to cover the surface-volume relationship beyond
gravity, as well as to other relationships in biology.102 According to Thompson, the
scales are governed by different laws. In the context of restructuring urban form,
the strongest candidates to provide governing rules are those of the economy and
human motion, which have become more restless than Thompson suggested,103
101

In Dialogues Concerning Two New Sciences Galileo Galilei wrote:
“From what has already been demonstrated, you can plainly see the impossibility of increasing the size
of structures to vast dimensions either in art or in nature; likewise the impossibility of building ships,
palaces, or temples of enormous size in such a way that their oars, yards, beams, iron-bolts, and, in short,
all their other parts will hold together; nor can nature produce trees of extraordinary size because the
branches would break down under their own weight; so also it would be impossible to build up the bony
structures of men, horses, or other animals so as to hold together and perform their normal functions if
these animals were to be increased enormously in height; for this increase in height can be accomplished
only by employing a material which is harder and stronger than usual, or by enlarging the size of the
bones, thus changing their shape until the form and appearance of the animals suggest a monstrosity. This
is perhaps what our wise Poet had in mind, when he says, in describing a huge giant:
‘Impossible it is to reckon his height. So beyond measure is his size.’
To illustrate briefly, I have sketched a bone whose natural length has been increased three times and
whose thickness has been multiplied until, for a correspondingly large animal, it would perform the same
function which the small bone performs for its small animal. From the figures here shown you can see
how out of proportion the enlarged bone appears. Clearly then if one wishes to maintain in a great giant
the same proportion of limb as that found in an ordinary man he must either find a harder and stronger
material for making the bones, or he must admit a diminution of strength in comparison with men of
medium stature; for if his height be increased inordinately he will fall and be crushed under his own
weight. Whereas, if the size of a body be diminished, the strength of that body is not diminished in the
same proportion; indeed the smaller the body the greater its relative strength. Thus a small dog could
probably carry on his back two or three dogs of his own size; but I believe that a horse could not carry even
one of his own size.” (Galilei 1638/1954, 130-131)
102
More detailed discussion can be found in Chapter 2 of On Growth and Form, “On magnitude”
(Thompson 1961/2000, 15-48).
103
“Man is ruled by gravitation, and rests on mother earth. A water-beetle finds the surface of a pool
a matter of life and death, a perilous entanglement or an indispensable support. In a third world, where bacillus
lives, gravitation is forgotten, and the viscosity of the liquid, the resistance defined by Stoke’s law, the molecular
shocks of the Brownian movement, doubtless also the electric charges of the ionised medium, make up the physical
environment and have their potent and immediate influence on the organism. The predominant factors are no
longer those of our scale; we have come to the edge of a world of which we have no experience, and where all our
preconceptions must be recast.” (Thompson 1961/2000, 48)

[Figure 14] Allometry in principle by Galileo
Galilei (Source: Galilei 1638/1954, 131)
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and I have the feeling that Doxiadis could have used the same phraseology on a
macroscopic scale.
The major benefit from shifting between form and the underlying process is that
the assumption of a single discipline becomes more obvious. To reach this we recall
the knowledge of allometry in its most condensed form – the principle of scalar
interdependency. Because allometry is a constant ratio between two phenomena,
which may be of different dimensions,104 it can be formulated as:
Eq. 1.3		

y = bx a  	or organized alternatively logy = logb + alogx

The formula is recognized as, for example, an allometric formula in biology, Zipf’s
law in linguistics and Pareto’s law in economics. The power formula itself is widely
used but Naroll and Bartalanffy distinguish two different applications. First, as a
measurement of growth, when a given dimension of a part of a system is compared
to another, in which case it characterises the growth phenomenon by differential
equations, and second, where the magnitude of a parameter is compared to the rank
of the same variable and therefore characterises a statistical phenomenon based on
stochastic equations (Naroll & Bartalanffy 1973, 244). Recent uses of the formula in
urban studies are often the latter due to the latest development in network theory,
but there are also alternative approaches in modelling use, which will be discussed
in more detail in Chapter 2.

1.3.3. Urban hierarchies
The history of urban structure is so intertwined with hierarchy that it is a task of
its own to spot the loose end with which to start with. Michael Batty put it simply
by saying: “Hierarchy is implicit in the very term of city.” (Batty 2004) Similarly,
Chermayeff and Alexander seem to promote multiple hierarchies as a fundamental
organizing principle per se (Chermayeff & Alexander 1963/1966, 133-142), but in
the end it serves the same purpose as Alexander’s famous “A city is not a tree”
(1965) – the relentless critique of its modernistic implementation. But if hierarchies
are essentially just ordered sequences, what do we mean by the concept urban
hierarchy? Different hierarchies pervade the entire field of urban studies, but general
agreement on what type of hierarchy should be pursued is unlikely to be found.
At the most general level of discussion, it is usual to say that interrelated
conceptualisations can be ordered such that you can discern the superiority of one
concept over another. Simple examples of two-level hierarchy can be recognised,
for example, from the served-servant dichotomy of internal spaces by Louis I. Kahn
or the viality-habitability dichotomy of urban sociability by Ildefonso Cerdá.105 More
complex relationships, on the other hand, can be reduced to neither extreme of
104
It is to be noted that power function in not a necessity or even the simplest form for describing
allometric growth. A simple linear regression where the ratio y/x is large creates potentially a directional change,
where the proportions do not remain the same. Morphing a square into a single dimension according to linear
growth will lead to a rectangular shape (Gould 1973, 255).
105
See Appendix 1 for more detail.
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such polarized conceptions of a dichotomy,106 but instead several intermediate
levels tend to exist and more finely graded hierarchies appear. Cerdá’s Barcelona
plan is a textbook example of spatial hierarchies that extend to a broad scale from
nearly viable and nonhabitable to nearly unviable and habitable. Only the land uses
from both extremes are missing. The hierarchy in these dichotomies is really a path
between conceptual overstatements, but formally speaking these examples serve as
binary classifications that are only forced into binary entitation.107
It is also important to realize how these hierarchies are brought into action. If,
for instance, we take a closer look at the concept of hierarchy as it was understood
in Serge Chermayeff and Christopher Alexander’s work, we find a distinctly unique
refinement from the common usage of the term in urban planning. Chermayeff and
Alexander defined hierarchy as falling into six domains, stretching from community
to privacy.108 What is significant here is that hierarchy is essentially concerned
more with the proportional order of the sizes of social groups than the spaces
themselves. The spatial units are effectively very small if compared to the scalar
hierarchies of urban units. The corresponding spatial entities are nearly always a
plot or building level units that in their size only reflect the sociability requirements.
Most importantly, all upper level urban units are complex and therefore host at the
same time potentially all levels of hierarchy. Even the smallest hamlet is not simply
a public entity, but instead a set of nested hierarchies of privacy from roads (u-pb)
to theatres (us-pb) and maintenance facilities (g-pb) all the way to playgrounds
(g-pr), households (f-pr) and rooms (i-pr).109 It is easy to see that Chermayeff and
Alexander’s hierarchy of privacy and control is therefore a fractal characteristic and
the generator of urban scalarity, and not simply a hierarchical domain of authority
on a specific scale.
This is very different from the hierarchy that is probably the best-known and also
the most influential implementation of urban hierarchies. Here I refer to Walter
Christaller’s derivation of urban hierarchies from the locations of cities in southern
Germany in the 1930s. Christaller’s influence continued to be decisive in regional
science until Torsten Hägerstrand’s seminal paper “What about people in regional
science?” (Hägerstrand 1970) insisted on a major shift in entitation. Something of
Christaller’s contribution is still left in present-day planning, because it has been
largely mingled with the normative base of the planning apparatus itself. One of the
main targets of metapolis related discussions is to recognize and acknowledge the
“broken hierarchy of Christaller” (Ascher 1995b).
106
Robert Venturi attacked this modernist architectural ideology in his seminal text Complexity and
Contradiction in Architecture (Venturi 1966), and I think it can be extended to cover Louis Kahn’s approach as well.
107
See Section 1.2.3. for more detail on binary measures.
108
These domains for Chermayeff and Alexander were: Urban-public (u-pb), Urban-semi-public (us-pb),
Group-public (g-pb), Group-private (g-pr), Family-private (f-pr), Individual-private (i-pr) (Chermayeff & Alexander
1963/1966, 121-122).
109
Note that this division into six can be understood to be nearly equivalent to the economic threefold
separation of public, club and private commodities. The sense of publicality is also dependent on historic conditions.
Nolli’s understanding of publicality also covers one third of the privacy hierarchy classes. This simply means that
two-thirds of Chermayeff’s and Alexander’s spectrum is considered as public (u-pb, us-pb, g-pb, g-pr) and one-third
private (f-pr, i-pr).
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Implemented hierarchies of urban systems
What is so special about the urban hierarchies of Christaller? First of all I must
stress that it was not the classification that made Christaller’s findings unique. A
substantially earlier example of the urban hierarchical arrangement of cities comes
from the Islamic world. Already in the late 10th century al-Maqdisi described the
administrative hierarchy and the rank of urban centres of a Middle-Eastern regime
in considerable detail (Wheatley 1976, 359). Despite the primacy of governmental
needs of Muslim society, in the system Wheatley takes the view that at some point
the hierarchy coincided with a competing market hierarchy that created principles
for trade areas running parallel as a second functional system (ibid. 360). In fact, it
is the interpretation of central place theory as a versatile planning application for
administrative desires that has done most harm to Christaller’s ideas. For urban
theory the most valuable contribution of Christaller and the further development of
central place theory by August Lösch is twofold. The former is the hierarchical spatial
arrangement manifest in the network of interrelated hexagonal patterns, and the
second is the identification of the locational equilibrium of spatial, economic and
demographic forces that create it (Berry & Garrison 1958b).
Again we encounter the powerful dual description of state and process. The
state description of central place theory is the one that is the elaborated part of the
theory.110 The spatial structure of Christaller-Lösch’s contribution proposes exactly
the same notions of scale and threshold as the later work of Doxiadis, discussed
earlier. This is clearly seen in Walter Isard’s portrayal of the spatial extents of
Christaller:
“According to his interpretation of the data, not only do the populations of the several sizes
of typical settlements tend to bear a regular relation to each other, but also the distances
separating any pair of settlements of like size tend to increase by the 3 as one proceeds
from a settlement of a given size to a settlement of next higher size. Thus market hamlets are
found to be spaced roughly 7 kilometers apart, township centers 12 kilometers, county seats
21 kilometers, district cities 36 kilometers, small state capitals 62 kilometers, provincial head
cities 108 kilometers, and regional capital cities 186 kilometers.” (Isard 1956, 60)

The innocent finding of scalar regularity turned prematurely into a norm for
further development schemes. A clear administrative twist of central place theory
was achieved when Allen K. Philbrick combined central place organization with a
seven-fold hierarchy based on seven nested orders of organization (Philbrick 1957
92-93) (Figure 15). The idea was popularized by Isard’s influential book Methods
of Regional Analysis (Isard 1960, 222-227). I guess it is no exaggeration to state
that at some point the purely idealized scheme was taken too seriously and led to
a severe formalism among regional planners and to the overpolitisation of spatial
arrangements. Similarly, the emergent spatial order of hexagonal networks was
sucked into the ideological optimal form for urban structure. More than mere traces
of this can be found in the plans of Constantinos A. Doxiadis, Siegfried Nassuth, Colin
Buchanan and Candilis, Josic & Woods.111
110
For more detail on organizing principles and mathematical formalism see for example: Lösch
(1940/1967, 105-137); Dickinson (1964, 51-57); Wilson (2000, 134-146); and Arlinghaus & Arlinghaus (2005).
111
For details, see: Doxiadis (1968, 133-150); Koolhaas & Mau (1995, 861-888); HMSO (1963, 134-143);

The evolution of observed hierarchies into urban entities is not restricted to the
levels of official planning and the corresponding size of centres. Most commonly
we run into ‘hierarchies’ in traffic planning. Just as in the case of central place
theory, roads and streets have become increasingly classified; so it is worth taking
a closer look at them. On the level of city and regional planning, it is very common
to find four levels of facility in a circulation network, for example: freeway, arterial
street, collector street, land service street (Tunnard & Pushkarev 1963). Naturally
the number of hierarchy levels varies according to the properties necessary to
distinguish one from the other. For example, Ebenezer Howard (1904) made a
distinction between three typologies,112 while Colin Buchanan (HMSO 1963) ended
up with a division of four,113 and the Institute of Transport Engineers (1995) found it
necessary to distinguish six114 different types. Somehow the traffic planners found
it essential to adopt this hierarchical approach extremely aggressively. Marshall
collected a catalogue of 68 classification systems around the world (Marshall 2005,
264-269), many of which can be described more suitably as road hierarchies than
street typologies, since most of them are more than nominal types and include a
more or less hidden superiority approach.
Marshall also lists alternative classification themes (Marshall 2005, 269-270),
from which it is easy to see that the realized hierarchies are a result of multiple
needs, most notably motivated by administrative status, historical formation agent
or activity level properties. The major drawback of such hierarchies is that as
descriptions of spatial organization they result in a certain ambiguity. They represent
some implicit superior knowledge about the most suitable set of facilities, rather
than the actual structure of facility sets themselves. To be precise, these manifested
features are not properties of the hierarchy itself, but externalities of norm used for
the creation of hierarchy in the first place. It is easy to claim that these organising
and Joedicke (1968, 179-195). Despite the obvious benefits and novelties to be found in hexagonal tessellation
(Triggs 1909; Cauchon 1927; Ben-Joseph & Gordon 2000), the selected examples were chosen to stress the
neglection of principles of hierarchy and favouring rare design principles instead of taking account of the whole
set of subsystem preliminaries. Nevertheless, equally straightforward implementations with other geometrical
features can be found among other so-called structuralist orientations (Lüchinger 1981).
112
Boulevards, avenues and streets.
113
Primary distributor, district distributor, local distributor and access road.
114
Freeway, expressway, major arterial road, collector street, local street and cul-de-sac.

[Figure 15] Schematic representation of idealized
hierarchy (Source: Philbrick 1957, 92-93)
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principles take spatial conditions into account only indirectly. Space is mainly a
container for movement activities, but deeper relational aspects are easily set aside.
This can be seen from the provocative picture set of the evolution of the square from
1920 to 1960 by Doxiadis (1962) (Figure 16).
[Figure 16] Erosion of public space 1920-1960
according to Doxiadis (Source: Doxiadis 1962)
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Among the disciplines of planning, the most typical misinterpretation of
hierarchies is the eagerness for a normative definition or even exclusive legitimation.
In the case of traffic planning, this legitimation is largely based on mechanistic
principles of attraction and generation resulting from a state description of spatial
requirements for a traffic flow.115 Since in the background of urban development
there is a commonly recognized feedback cycle involving the centralities and street
configuration, a more comprehensive evaluation of hierarchy setting is needed. An
unconventional perspective for this can be found in the six structural conditions of
Marshall to tackle the problem (Marshall 2005, 162).
Marshall’s argumentation116 can be interpreted from our mereotopological
orientation as follows: To adequately handle the assessment of hierarchy one must
ensure the contiguity of parts, relations and their viable aggregates. Therefore, we
can regroup six conditions into three sets of two. The first two conditions refer to
mereological entitation and quantification attributes. Third and fourth, in turn, are
ordering topological conditions and reference to lexicon and syntax of connections.
The last two are clearly rules that define allowable wholes and characterise the
distribution of entities and decomposability of subsets.117
The hierarchy of streets is useful for administrative purposes as such, but for such
needs also the recognition of Marshall’s structural conditions are most useful. Yet
the partition of conditions is only a start to the discussion. I cannot help thinking
how easily these prescriptive conditions fall separately into caveats similar to
previous central place hierarchies, where the hierarchical outcome becomes the
justification framework for other premises of those that promote the hierarchical
interrelationship. The major question is not whether an implemented hierarchy is a
desired property of an urban system or not, but instead what kind of mechanisms
behind the hierarchies are considered necessary for understanding the urban
115
Note that in traditional typologies (before the intervention of traffic planning as a separate discipline)
the classification was based on the geometrical features of composition (road width, frontage form, spatial shape).
I will return to the question of how configurational properties could be used for the same purposes in Chapter 3.
116
Marshall’s approach is partly attached to the notion of route, an aggregate linear element that may
span several links and junctions (Marshall 2005, 115). From our point of view, this is only an unnecessary relative
representation in a fine relational setting. Marshall derives his structural condition from a comparison between a
tree and road network (ibid. 160).
117
Marshall’s original terms for the six conditions are: differentiation of elements, ordered ranking,
necessary conditions, allowable conditions, frequency of elements, and configurational structure (Marshall 2005,
161-164). I take the liberty of adjusting them to suit my own theoretical frame.
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development itself. Also, what is the ideal combination of these conditions since
the hierarchy is essentially a relational clue for interaction within and among
subsystems? (Simon 1962, 473).

The hierarchy that is by nature like a set of Chinese boxes (Simon 1973, 5)
or, if you like, a set of Russian dolls118 (Figure 17) (Oswald 2007, 13), has proved
difficult to achieve via conventional urban planning. Unfortunately, a normative
planning standard often locks itself (metaphorically speaking) into the surface layer
decoration on a single hierarchy level, even though the first requirement would be
to ensure that all nested levels belong to the same set or, even more importantly,
that one fits into the next. This is largely because urban planning is bound up with
the tradition of posing problems as state descriptions of a solution. What is lacking

is a consistent theory of sequential steps to reach this solution from the initial stage.
Alternative suggestions have been made in order to understand the nature of
hierarchy, which is essential in mastering the process that creates these hierarchies.
For Manuel Castells, the urban hierarchy was in its generic form the hierarchy of
influence (Castells 1972/1977, 25). Following Amos Hawley (1950), Castells outlines
possible levels of influence that are strictly bound to territorial aggregates of
primary,119 secondary,120 and tertiary121 levels. It is common knowledge that the
later work of Castells effectively broke up the order of this hierarchy, with a strong
emphasis on the global level influence. Yet the characteristics and measures of
this influence have not been questioned. In this, Castells’ argumentation follows
the sphere of influence explanation of the central place theory common in the
late 1950s.122 The same type of territorial evolution is also included in the Italian
typomorphological tradition. Caniggia formulated consistent knowledge about
hierarchical urban structure, where the specialization of buildings and their radii of
influence lead to the birth of hierarchies123 and polycentricity (Caniggia & Maffei
1979/2001, 187-188).

118
A.k.a. Matryoshka or Babushka doll.
119
Primary influence: Shopping and commuting on a core-periphery axis.
120
Secondary influence: Local information spread based on newspaper and radio channel coverage.
121
Tertiary influence: Global information about financial and publishing markets.
122
See for example: Beckman (1958), Berry & Garrison (1958a).
123
The scalar hierarchies of Italian typomorphologists contain the idea of four orders of complexity:
elements, structures, systems, organisms (Marzot 2001, 245). Note also the process description of modular urban
growth (Caniggia & Maffei 1979/2001, 190) and successive doubling, which not only includes the scale of a city, but
starts from the level of elementary cell (ibid. 186).

[Figure 17] Variations of nested dolls with inclusive
hierarchy

Hierarchy of complex urban system
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[Figure 18] Progressive triggering of ‘markets’ in Florence and the diagram of
scalar nodalities (Source: Caniggia & Maffei 1979/2001, 174, 163)

However, when taking a closer look at the commonly recognized idea of sphere
of influence it turns out that it can be articulated in a more mundane way as ‘the
range of a good’. If the good is understood as referring to both goods and services,
as in Berry and Garrison (1958), then we have reverted to the original novelty of the
central place theory of Christaller and Lösch where “location equilibrium conditions
are an integral part of the hexagonal system of markets and vice versa” (Berry &
Garrison 1958b, 305). In fact, Berry and Garrison succeeded in empirically testing
the more general functional bases of central place hierarchy (Berry & Garrison
1958a).124 What they did was simply to rank both central functions and central
places, and tested whether there were differences in the groupings isolated. The
finding of Berry and Garrison was that the groupings of activities and the sizes of
population fell nicely into three classes of towns as suggested by Christaller. On the
other hand, despite the very good fit with functions and centre sizes, four exceptions
were interestingly found among the centres analysed in Snohomish County on the
outskirts of Seattle. Those were the ones located close enough to Seattle to become
dormitories of the metropolis and characterised by a rapid increase of population
(ibid. 154). In a following article Berry and Garrison made strong remarks on the
spatial nature, or actually the ambiguity, of the range of a good (Berry & Garrison
1958b). The key finding was that the range of a good was a minimum requirement
for the supply of a good. It is therefore a threshold population or inner range of a
good, but as a measure clearly without explicit spatial extent. As Berry and Garrison
say, it is only a crude approximation of a complex notion of the total picture (ibid.
308). This is because “every market area is NOT as small as possible” (ibid. 310),
and theoretically having spatial outer range at infinum.125 Therefore the threshold
range of the supplier is only half of the picture, and at least as important is the
demand range of a good, that is, the maximum range that the customers are willing
to travel (or more generally, to bear the costs) for a good. Therefore the potential
equilibrium of the market area is where the sum of the demands exceeds the
supply threshold (Parr & Denike, 1970, 570). Naturally this has a potential effect
on the spatial organization of central places. Looking back half a century, it is easy
124
It should be recalled that Christaller originally used the number of telephone connections to measure
the quality of centrality.
125
One can only think of the undersupply in the Seattle dormitory suburbs in Berry & Garrison’s example
(1958), or the 24/7 L.L.Bean flagship store at Freeport, Maine, U.S.A. (<8000 inhabitants) or the supply of Amazon
or any other dotcom company.
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to see that the ranges of goods have changed surprisingly little (Berry & Garrison
1958a, 150; Volker et al. 1978, 19). But when exploring not only the supply but also
the demand side, with regard to potential individual daily paths, the changes are
potentially remarkable.
The above discussion on overlapping spheres of influence allows us to
problematize the stability of one of the most commonly used spatial aggregates:
the city centre. As Lösch put it: “In many respects towns are miniature copies of
economic landscape”, and therefore “composed of market areas for offices and
various enterprises, but also for parks, transport points, and so forth.” (Lösch
1940/1967, 440) Hence more generally overlapping markets (Figure 19) can be
equally understood on the basis of multiple accessibility demands that add up to
these stable spatial formations. But this relaxation also leads to a certain fuzzyness
regarding the concept of urban centrality. From the demand side, centrality is not
only a central location of traditional economic supply but also a counterforce where
the centre of recreational supply is at the edge or even periphery of a built-up
structure. Hierarchies are simply considerably messier than the first impression of
organizational dominance might suggest.
More generally, the penetrating concepts of accessibility and the spatial threshold
of influence bind the cities to a broader discussion of complex systems. Interestingly,
this again coincides with early remarks on complex systems by Simon (Simon 1962).
He expanded the notion of the span of the control of a single ‘boss’ from the theory
of organizations into a charactecteristic feature in defining the flatness126 of systems
in general. On the other hand, the degree of flatness is not only a spatial quality,
but more broadly relates to a question of the intensity of interaction. He continues
that…
“…in most biological and physical systems relatively intense interaction implies relative
spatial propinquity. One of the interesting characteristics of nerve cells and telephone
wires is that they permit very specific strong interactions at great distances. To the extent
that interactions are channelled through specialized communications and transportation
systems, spatial propinquity becomes less determinative of structure.” (ibid. 469)

The system boundaries have become more and more blurred and at the same
time the systems themselves have become less and less determined by spatial
propinquity. From the hierarchy point of view, the additional difficulty beyond the
primary entiatation of extents of influence of various activities is found from the
decomposability of evolving spatial arrangements. The question of decomposability
defines more precisely how the subsystems are structures and interlinked in a
hierarchical organisation. The problem posed in the case of accessibility as a threshold
population and the range of individual activity can then be further recognized as
an example of a problem where the system is not simply decomposable but falls
into a category of near decomposability.127 The major theoretical result of this is
126
A system with a wide span at a specific level is called a flat system.
127
Decomposability asserts the question of dependencies within subsystems, particulary in the case
where the values of subsystems are functions of past values of a subsystem itself and subsystems of a lower order.
This should be distinguished from the case of complete decomposability, where the subsystems are independent
and determined by their own history only (Fisher & Ando 1962, 108-110). Near decomposability and near complete
decomposability, which are characteristic features of complex systems, means that the dependencies between
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[Figure 19] Hierarchy of overlapping markets of shopping
activities (Source: Schlossberg 2004)

the relative and absolute system behaviour. Consider two systems with and without
subsystem interconnectivity: if the connections among the subsystems are weak,
in the short run the system behaviour will be approximately the same as if those
connections did not exist. In the long run the relative system behaviours would also
be roughly similar, although their absolute positions in the system may indeed be
very different from each other (Fisher & Ando 1962, 109-110).
The question of urban hierarchy at the beginning of the third millennium lies
not in what hierarchy is itself but in the conditions behind it. According to Fujita et
al., the original central place hierarchy is probably best envisaged as a classification
scheme, and at best a description rather than an explanation (Fujita et al 2001, 27).
The existence of separate levels in a hierarchy is an efficient evolutionary strategy,
or an end product to preserve information, rather than an aim of its own (Simon
1962, 473). Therefore the task for implementing any hierarchical approach to urban
form is not to define the spatial aggregates as such, but instead explore the spatial
potentials and limitations the system has for the aggregation process. The distant
echo of this can be traced from August Lösch’s epilogue, where he states: “He who
wishes to recapitulate a system can do no more, after all, than set down once again
the thoughts upon which it is based.” (Lösch 1940/1967, 508)

subsets are weak, but not negligible (Simon 1962, 474).

72 | 73

1.4 On centres and centrality

A

nybody familiar with the history of cities, no matter whether through tourism
or academic lectures, is indubitably able to recognize that the centres of
urban form are extremely stable in the course of history. Although it is nearly
equally obvious that the centre that has remained possibly for several thousands
of years in the same location has hardly anything left of its material representation
dating from the early days.128 Thus the centre is a concept that ought to be separated
from its material representation and instead the definition should be attached to
a broader concept of centrality. If the centre is in a way clearly different from its
perceived form, it is still bound up with material reality by ties that define its locational
characteristics as a part of the surroundings, and in that sense not a completely
abstract entity either. This means that despite the fact that a certain location may be
at the central state in comparison to other locations, the gradual changes that take
place have a good chance of a significant evolution during a morphological period.
In other words, the new or emergent social practices that enter the stage in the
course of history may or may not find existing physical structures most practical for
them. This leads to either an erosion of existing material structures – i.e. adaptation
to existing spatial practices – or a search for alternative locations that serves these
practices better – i.e. defining more suitable spatial practices. The sequence of
adaptations and alterations have led to a notion of centre which at the conceptual
level is very diverse if compared to previous historical development stages, but
uniform in relation to locational superiority at each stage of development. In any
further discussion it is important to stress that this superiority of location and
facilities has been and will be continuously assessed by every agent in the course of
the progressive alienation from the past stages.
“The notion of centrality has a mathematical origin, as witness its application in the analysis
of abstract space. Any given ‘point’ is a point of accumulation: surrounding is an infinite
number of other points. Otherwise, we should have no certainty as to the continuity of
space. At the same time, around each (isolated) point, a surface – preferably square – can be
described and analysed, as can any variation following an infinitesimal change in its distance
from the centre (ds²). Thus each centre may be conceived of in two ways: as full or empty, as
infinite or finite.”(Lefebvre 1974/1991, 331)
“…centrality, whether mental or social, is defined by the gathering-together and meeting of
whatever coexists in a given space. What does coexist in this way? Everything that can be
named and enumerated. Centrality is therefore a form, empty in itself but calling for contents
– for objects, natural or artificial beings, things, products and works, signs and symbols,
people, acts, situations. This means that centrality closely resembles a logical form – and
hence that there is a logic of centrality.” (ibid. 331-332)

128
We need only think of cities that originate from Roman camps or centres that were completely
demolished during massive bombings in WWII; for example Rotterdam in The Netherlands.
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1.4.1 Delimiting the CBD129
The Central Business District (CBD) is a prime example of the difficulties usually
faced when a spatial extent needs to be defined. It is the most obvious representative
for a notion people intuitively understand by the concept of city centre. Yet the
formal definition raises numerous questions when reaching towards its spatial
extent and the potential future development.
Raymond Murphy, assisted by James Vance Jr., coined an acceptable solution in
their 1954 article “Delimiting the CBD” (Murphy & Vance 1954a). The task becomes
obvious when it is realized that, generally speaking, the entity of a CBD is all but
homogeneous and also that the CBDs of different towns contain a certain amount
of variation. But since people are generally able to recognise it in situ, and were
able to coin the concept in the first place, there should also be a way to define it
more analytically. The obvious difficulty of delimiting the spatial extent of the CBD is
that by nature it is an aggregate entity. Moreover, the entity is by nature a complex
one, since it obviously is not a combination of any CBD simplexes, but instead is an
emergent notion for the mixed hubbub around a certain area.
If the intention of Murphy & Vance in their paper was to prove that “the CBD
is a region with the normal qualities of a region” (Murphy & Vance 1954a, 191),
my intention here is to claim nearly the opposite; or to be more precise, not the
opposite, but argue that the definition was made under certain specific conditions,
that are just as valid today as they were then, but which must be explicitly recalled,
since CBD has since became nearly synonymous with the city centre. This is a simple
reason to claim that the CBD is not a normal region, but a specific one, and likewise
that the CBD has recently become a specific type of centre. This is not to undermine
the original work, but rather to stress the originality and analytical approach that is
still to be considered a rather exceptional entitation effort.
Among several other potential measures, Murphy and Vance applied a clearly
‘typomorphological’ solution. The basic entitation is done on a block level, which
was essentially more a practical solution than an analytical optimal one.130 To
separate blocks from one another the particular set of central business usages
was selected.131 Using these properties, two indexes were calculated: the Central
Business Height Index ( Iheight ) and the Central Business Intensity Index ( Iintensity ).
They were defined as:
Eq. 1.4		

Iheight =

Abusiness
A footprint

and Iintensity

=

100 * Abusiness
A total

129
CBD, the abbreviation for Central Business District, a.k.a. Central Traffic District, Central Commercial
District, Downtown Business District or simply Downtown (Murphy & Vance 1954a, 189).
130
Murphy and Vance considered having entitation based on street frontage, which would be more
realistic since differentiation is more likely to occur along streets rather than blocks. This would lead to difficulties,
however, since on some sides a block would be defined as falling into the CBD region and on others not. Also, it
would potentially lead to a porous structure that woud not match the intuition of CBD as a topologically unified
entity (Murphy & Vance 1954a, 208). It is worth noting that at this point the street is the user interface for the CBD
and hence the generating entity and not the block.
131
For more detail see Murphy & Vance (1954a, 203-204).
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where Abusiness is the area of central business usage, A footprint the total ground
floor area and Atotal the total floor area. From the equations it is easy to see
that the height index measures the ratio between business usage and the most
accessible part of a building (from the street perspective). The intensity index is a
scaled indicator to express the ratio of overall business usage in the entire building.
Therefore the ground floor usage alone is not sufficient, but must exceed a certain
threshold. Interestingly, neither of these indices was adequate alone and a better
one was created by combining them into a unified norm:
Eq.1.5		

{x ∈ CBD|I

height

> a ∧ Iintensity > b}

In their fieldwork Murphy and Vance derived ‘calibrated’132 values for a = 1
and , b = 50 for nine American cities. Expressed verbally, this means that a block is
considered to belong to the Central Business District, if it contains specific explicitly
defined CBD usages. But this is not quite enough. It is also required that the amount
of a block’s ground floor area and the area of CBD usage exceeds half of the entire
floor area. Finally, some additional rules are defined to treat outliers (municipal
offices, administrative buildings, etc.), holes (block completely surrounded by CBD)
and spillovers (only contiguous areas around peak land value are included).
At this point it is unimportant that some modifications were suggested,133
since the basic concept of the delimiting process is still applicable. What is more
important is that the changes in urban structure have raised additional questions.
Is there something in the target area that was too unified to raise new questions? Is
concentration the only indicating factor, or should indices of diversity be taken into
account? All areas were located in a gridiron plan that forced blocks to be packed
tightly together, but is there a requirement for an explicit closeness indicator? And
so on.
Only two decades later Margaret Roberts’ town planning textbook made some
strong remarks that can be understood as counterarguments against the traditional
analogy: {CBD ≡ centre}. The arrival of the car is surely the one overwhelming
fact that has destroyed not the theory of central place assumption itself, but the
traditional application of it. Roberts continues by arguing that this was unavoidable
“since the centre has lost its raison d’être – accessibility” (Roberts 1974, 319). After
all, it is not important to find the limits of the centre, but to define what is the degree
of centrality there; not to know where the central functions are, but why they are
located that way.
Naturally, personalized vehicles are not the only technical advances that have
changed the face of the city centre. Some people do not even call them advances.
But the problem of centrality is more complex than the resistance to existing centre
structures. Consider, for example, a traditional and most obvious CBD function –
132
Calibration is a process where model parameters are fitted to the conditions of a surrounding reality.
Usually a set of statistical procedures is used to find the best fitting values.
133
See Davies (1959, 1960); Scott (1959), Hautamäki & Siirilä (1969) for more details on cultural variation
of delimiting CBD.
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banking. The need to actually go there has been minimized for some time. First
came cash dispensers, which require a certain agglomeration of users, but finally
from the everyday life perspective PCs and PDAs134 have completely decentralized
the activity. The physical existence of banking facilities in centres has almost become
a nuisance. It is difficult to consider it as a point of attraction to any one else than
employees, so the centrality-for-whom property of banking has confronted a nearly
revolutionary change.

1.4.2 Extents of centrality
Manuel Castells stressed in his 1972 book The Urban Question: A Marxist Approach
the problematic conception of centrality that dominates the urbanistic utopias and
theories of a city, even though they appeared prescriptive despite several ideological
pitfalls. He starts by differentiating the main characteristics of the then dominating
spatially delimited centre concept. Castells recalls a larger conceptual framework
of centrality that recognises the process of centre formation not encapsulated in
plans of authorities or designers. From the “average urbanist’s” perspective, Castells
extracts two theoretically different approaches. He claims that the usage of centre
concepts in each of them is aiming to seize two superior features. The role of these
is both integrating and symbolic (Castells 1972/1977, 222). The integrating role of
the concept is clearly to define the spatial and morphological connection between
a centre and its hinterland, while the symbolic role emphasises the cultural aspects
of the historic formation process of the urban nucleus. This traditional point of view
could be defined as spatiocultural centrality.
Castells challenges this spatiocultural duality with a more precise threefold analysis
of centrality that includes economic-functional, politico-institutional and ideological
levels. The main reason for this redefinition by Castells is that the integrating as well
as the symbolic roles of centrality clearly have distinctive standpoints that cannot be
adequately differentiated without an explicit notion of the social order. For Castells
the centre is an organ of exchange between the process of production (economic
activity) and the process of consumption (social organization) of the city (ibid. 226).
Castells goes on developing his argumentation by differentiating the spatial and
geographic integration of a centre, which from a theoretical point of view has clearly
distinctive interpretations. Behind the planners’ task of spatial integration it is
necessary to separate two different conceptualisations that dominate their “desire
to impede urban social disintegration” (ibid. 223). These appear as interpretations
of the centre concept as a locus of exchange and as attempts at the coordination of
decentralized activities. The first of these is clearly targeting a positivist, functional
aim, while the latter is equally clearly normative and administrative in nature. It is
probably not unfair to state that the latter approach leads to a planning perspective
that relies on strictly hierarchical administrative principles.
Similarly, the symbolic attribute of a centre can be separated into parts consisting
of the observed characteristics of centres that reflect the social order and economic
134

Abbreviations for Personal Computer and Personal Digital Assistant, respectively.
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situation of the past. But this symbolic level also contains characteristics that Castells
claims have a background in “semi-lyrical literature”, which sees “the centre as a
ludic nucleus, a concentration of leisure activities and the spatial location of the ‘city
lights’.” (ibid. 224) Again, the symbolic nature of a layman’s spatiocultural centrality
seems to be defined more precisely in economic, institutional and ideological terms.
In conclusion, Castells remarks that the notion of a centre is, in fact, a sociological
notion, since it expresses more content than form. He continues with a systematic
assimilation of these two entities and finds it necessary to distinguish between
the direct material expression of concrete space and the ‘centre’ element of urban
structure (ibid. 225). As a demand for resituating the centrality at the different levels
of social structures he suggests that:
At the economic-functional level a distinction should be made between the function of the
centre and the spatial contiguity necessary to the activities (ibid. 226).
At the politico-institutional level the centre means socio-spatial ordering and distance that
defines the types of relationships and their nearness-farness evaluation (ibid. 226).
At the ideological level the city is “an ensemble of signs, which makes possible a bridge
between society and space and which links nature and culture” (ibid. 227). Therefore
the centre is a strong point in a semantic field that can only be defined in relation to the
structure that gives rise to them (ibid. 228).

Castells also distinguishes a fourth level of structure that could be defined as a
combinatoric level, that I have detached from the three previously mentioned ones.
This is the level where a centre is seen as a “milieu of action and interaction” that
links urban structure and the processes of production and reproduction (ibid. 228).
I am inclined to see this interrelationship as something that has also been a central
issue in various typomorphologist analyses stressing the importance of spatial
continuity which ultimately host all activities mentioned at previous levels. Thus the
complex spatial relationships make all sociological analysis incapable of handling the
notion of place if separated from its material expression.
Despite the heavy critique levelled at single-minded, materially-oriented design/
planning approaches, Castells seems to recognize the necessity for the analysis of
concrete urban structures that cannot be reached with sociological argumentation
alone. The somewhat vaguely expressed notion of a connoted fourth level of
“another domain” cannot be reached without returning to issues left unexplored
by Castells with the polite comment: “What the spatial forms of urban centrality in
fact are, is a quite a different question, a matter for research rather than for debate.”
(ibid. 225)

1.4.3. Spatiality of centres in urban theory and
urban economics
Castells’ critique was also levelled directly at a certain universalistic urban
ideology of the Chicago school of urban sociology.135 Castells’ influential work
had contained an implicit assumption about the distinctiveness of the urban
135
Most notably, the Chicago school is known for the iconic concentric model of a monocentric city by
Park and Burgess.
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scale of social organization. This led to still ongoing debates about the nature of
the ‘scale question’ in urban theory. Neil Brenner summarizes this as a result and
critique of Castell’s implicit division of the materiality of social processes into two
distinguishable dimensions: the opposing urban and supraurban scales (Brenner
2000, 363). Brenner continues with the aftermath of the discussion by claiming
that in Castell’s work the scales are described as differentiated ‘spatial units’ and
that the specificity of the urban ‘spatial unit’ “could not be delimited theoretically
with reference to its ideological, its politico-juridical, or its production functions, but
only in terms of its role as a site for the reproduction of labor-power” (ibid.). The
extension of the urban question to a global scale and beyond the common urban
sociology was so different from common understanding of urbanity that it led Peter
Saunders to preserve the label urban merely as a matter of convention. Therefore,
according to Brenner, Saunders “rendered the dimension of urban sociology entirely
accidental, a random choice of geographical scale.” (ibid. 364) Following Brenner’s
argumentation and conclusions on emerging scale question, the three-decade long
debate can be crystallized in three remarks (ibid. 364-365):
•
•

•

Scale as a self-evident centerpiece was blurred into a range of supraurban questions
(e.g. topics on regional questions, uneven development, core-periphery debate, etc.)
Mutually exclusive scales have been replaced by co-constructive territorial frameworks
with more multi-dimensional conceptions. Unitary social functions are seen as an
outcome of overlapping political-economic processes and not bound up with a specific
scale.
The historicity of geographical scales is recognized only in a limited sense.

All in all, the description is not very far from the ideology behind the Ekistics
framework of Doxiadis, who eventually got stuck with the scales of physical
representation. According to Brenner, the situation at the turn of millennium
is still very similar: “A reification of scale appears to be built into everyday scalar
terms (e.g. local, urban, regional, national, global, etc.) insofar as they represent
distinctive socioterritorial processes (e.g. localization, urbanization, regionalization,
nationalization, globalization, etc.) as static entities frozen within geographical space.
Relatedly, existing scalar vocabularies are poorly equipped to grasp the complex,
perpetually changing historical interconnections and interdependencies.” (Brenner
2000, 367-368) We depart from Brenner’s insightful notion at the point that would
necessarily have required jumping into the issue of the politics of scale. Instead, we
continue more focused on a branch that could be understood as a spatial question
of urbanity.
The constant restructuration of urbanity described by implosion-explosion136
dialectics is a common denominator in urban studies (Brenner 2000, 369) and spatial
studies (Pope 1996). Often it is used to describe emergent phenomena that cause
entities to suddenly disappear and mushroom in alternate locations. In the case of
centrality, Lefebvre seems to have built a sufficient description of requirements of
space to achieve just that. The previously mentioned definition of centrality comes
into focus, describing the evident relationality of space and the potential emergence
in it, when he continues:
136
Implosion is a process in which the objects are destroyed by collapsing in on themselves. The term is
adopted from nuclear physics and used mostly as a descriptive metaphor.
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“Centrality as a form implies simultaneity, and it is a result thereof: simultaneity of
‘everything’ that is susceptible of coming together – and thus accumulating – in an act of
thinking or in a social act, at a point or around that point. The general concept of centrality
connects the punctual to the global.” (Lefevre 1974/1991, 332)

This further definition outlines an ultimately connected world where everything
is connected to everything else. Therefore a deeper understanding of connectivity
across space becomes our main interest. In the spatial world the connectivities
remain slightly more limited than Lefebvre’s general notion of centrality. We have
absorbed earlier Tobler’s principle, which states that distance is the cost to be
overcome and that spatial entities are therefore hardly equally connected over all
scales. This imports a certain flavour to spatial centralities that has been recently
disturbed only by the rapid changes in telecommunications. These changes have
permanently affected our concepts of neighbourhood interaction in production,
daily practices and the formation of urban structures. The centralities and centres
that are results of these interactions are all but stable entities. In Lefebvre’s terms,
centralities in the urban realm have eventually displaced, exploded, expelled,
saturated and subverted peripherical forces. Centralities have changed continuously
throughout history and recent changes only distort the process in some definite but
uncertain direction. Existing and emerging centres can be explained on the bases of
the multiscalar nature of centrality phenomenon alone. Lefebvre concludes:
“The interplay between centre and periphery is thus highly complex. It mobilizes both logic
and dialectics, and is hence doubly determined. If one takes logic, whether formal or applied,
as one’s frame of reference, the dialectics tends to be set aside. Contradictions, however, can
never be eliminated. If, on the other hand, one applies the dialectic, which is the theory of
contradictions, one ends up giving short shift to logic, to coherence and cohesiveness. The
fact is that neither approach is dispensable here. Centrality may give birth to an applied logic
(a strategy); it may also burst asunder and lose its identity utterly.” (Lefevre 1974/1991, 333)

The clearest example of this uncertain stability are the mushrooming centres
on the urban fringe (Grüen 1964) or the withering city centres witnessed by Jane
Jacobs (Jacobs 1961/1993). By the late 1980s and early 1990s it became clear that
the monocentric city assumption failed to explain several empirical findings in
urban formations; namely, the location of jobs. In fact, it turned out that not even
the assumptions concerning this most simplistic two-variable interaction between
population and work places were formulated adequately in monocentric models.137
From the later model work mimicking the phenomenon of polycentricity we may
learn that it is only one potential stable equilibrium point of economic activity (Fujita
et al. 1999). Moreover, it has become obvious that in the process of bifurcating
equilibria the relative transportation costs play an important role in all levels of
economic activity and in the evolution of hierarchical urban structures (ibid. 181213). Therefore, from the planning point of view, polynucleity in its most natural
occurrences is a response of spontaneously growing megacities to avoid death by
log-jammed congestion (Webster & Lai 2003, 27), but more generally a symptom
of changing economic circumstances (and power relationships) in the face of urban
137
Anas and Kim recall the assumption in the classic Lowry model, which assumes the basic employment
to be insensitive to the population distribution. Later empirical work has shown the undoubted interdependence
between employment and population. See Anas & Kim (1996, 233) for further reference.
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agglomeration. Anas and Kim have given this phenomenon a more precise explanation
from the urban economics point of view by asserting that: “When scale economies
in shopping are strong relative to the cost of traffic congestion, dispersion becomes
unstable. Multiple equilibria emerge as production agglomerates into a number of
centers.” (Anas & Kim 1995, 232) We can thus relinquish the large current issue of
polycentrality with the remark that it does not require any additional theoretical
framework or strong counterarguments, but is more properly a generalization and
issue of modified condition of classic theories.

1.5 Metapolis

T

aylor and Lang (Taylor & Lang 2004) collected one hundred concepts describing
recent urban change. The examples that they chose span over 40 years from
1960 to the beginning of this 21st century. The range of denotative meanings
of urban neologisms is truly wide,138 starting with the modest concept of spread city
defined by the New York Regional Plan Association (1960) and ending with hilarious
notions from boomburb by Lang and Simmons (2001) to mocking exit ramp economy
by Katz (2001) (Taylor & Lang 2004). What is impressive in this set of definitions is
not only the size of the list, but also the fact that they were able to perceive an
ongoing paradigm shift in social science itself. The same shift and an urgent need for
redefinitions can also be recognized in the following citations:
“The city is no longer. We can leave the theatre now…” Rem Koolhaas (Koolhaas 1994, 1264)
“What the city has been (as a designed entity), or could be (as a designed entity), dominates
academic and professional thinking as a transparent attempt to regain our formal and spatial
prerogatives, our fixation with the known and designable, to the neglect of the actual state
of the contemporary urban environment. There often seems no greater priority than to
preserve, against all evidence to to the contrary, the primacy of built form.” Albert Pope
(Pope 1996, 5)
“City? An old word. See ‘m.city (or multicity)’” Federico Soriano (Gausa et al. 2003, 111)
“What all these descriptions share, implicitly or explicitly, is the notion that the era of the
modern metropolis has ended. I hasten to say that this does not mean that the modern
metropolis has disappeared, only that its social, cultural, political, and economic dominance
as a distinctive organizational form of human habitat is no longer what it once was; and that
a new urban form and habitat is emerging, not as a total replacement but as the leading edge
of contemporary urban development.” Edward Soja (Soja 2000, 238)

The real shift is not the basic division of these terms by splitting them in half
depending on whether they describe the somewhat messy conceptions of a
metropolitan entity or ‘newly’ discovered intercity relation. The selected examples
are representatives of a former category, while a fairly equal counterpart could
be defined through network, global or transnational contexts. This basic scalar
duality already existed in Berry’s classic essay “Cities as systems within systems of
cities” (Berry 1964), and the change of perspective from one to another does not
138
According to Taylor and Lang (2004), these definitions are by no means comprehensive, yet seem
rather representative.
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really clarify the big picture. Taylor and Lang summarize the situation from both
standpoints. The changes in the metropolitan economy, both decentralization and in
global economic intercity relationships, mean a fundamental shift to something else.
The true task is not to realise that the ideal of residential suburbs and the national
urban hierarchies are ultimately passé, but to clarify the nature of this ‘something
else’ (ibid. 951).
Metapolis,139 the term chosen for this thesis to represent the urban agglomeration
under investigation, consists of two obvious parts. The etymology of the body of the
concept as a noun polis originates from ancient Greek, meaning a Greek city-state.
More broadly speaking, it means society, especially when characterized by a sense
of community. The combining form of the noun -polis can be traced through late
Latin to the same Greek origin (www.britannica.com). The meta- prefix in turn goes
back to Latin and Greek, from which it was adopted in multiple denotations into
New Latin and Medieval Latin. From its diverse background the prefix contains at
least four different meanings, yet most of them seem to be reasonably acceptable in
describing the current state of urbanism when combined with the term polis
1. a : occurring later than or in succession to : after <metestrus>
b : situated behind or beyond <metencephalon> <metacarpus>
c : later or more highly organized or specialized form of <metaxylem>
2. : change : transformation
3.a: more comprehensive <metaphysics> : transcending <metapsychology>
b: used with the name of a discipline to designate a new but related discipline
designed to deal critically with the original one <metamathematics>
4. a : involving substitution at or characterized by two positions in the benzene ring
that are separated by one carbon atom <meta-xylene>
b : derived from by loss of water <metaphosphoric acid>

The term was first introduced by François Ascher in his book Métapolis ou
l’avenir des villes. (Ascher 1995a). The term was popularised by Spanish/Catalonian
urbanists and urban researchers in late 1990s and early 2000s calling themselves
the Metapolis Association (Gausa et al. 2003). Ascher defines the neologism of
metapolis as representing the generic manner in which the metropolitanization
gives birth to diversified urban space. Ascher wants to propose a clear definition for
the recently emerging concepts of urban space, such as conurbations, urban/city/
metropolitan regions or global cities, which he finds too sectoral, too administrative
or too specialized. According to him, a more appropriate term for these recently
emerged structures would be metametropolis, since in many ways they in a strict
sense surpass and subsume metropolitan zones in a unique manner (Ascher 1995b).
On the other hand, convenience caused him to use the shortened version to express
the affiliation to the naming convention originating in the Greek polis.
139
“A metapolis is a combination of spaces in which some or all of the inhabitants, economic activities
or territories are integrated into the (ordinary) operations of the daily life of the metropolis. A metapolis generally
constitutes only one sphere of employment, habitat and activities. The spaces which make up a metapolis are
profoundly heterogenous and not necessarily adjacent. A metapolis includes at least a few hundred thousand
inhabitants.” [Une métapole est l’ensemble des espaces dont tout ou partie des habitants, des activités
économiques ou des territoires sont intégrés dans le fonctionnement quotidien (ordinaire) d’une métropole. Une
métapole constitue généralement un seul bassin d’emploi, d’habitat et d’activités. Les espaces qui composent une
métapole sont profondément hétérogènes et pas nécessairement contigus. Une métapole comprend au moins
quelques centaines de milliers d’habitants.] (Ascher 1995b; my translation)
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1.5.1 Metapolis as a design entity140
The changes in the urban landscape during past three or four centuries have
caused the miserable failures of optimistic planning to turn around completely.
Meanwhile the city of stench and blood has turned into a polished icon, a postmodern
simulation of itself – an analogous city as Trevor Boddy calls it (Boddy 1992, 125).
Christine Boyer in turn gives even more concrete reason for this current urban
condition in which “the proliferation of scenic enclaves eventually reduces the city
to a map of tourist attractions, which suppresses the continuous order of reality, the
connecting in-between places, and imposes instead an imaginary order of things.
The spectator is offered no visual image of a metropolitan whole, in all its uneven
development; attention is directed to those sites that are perceived as productive or
useful, or are engineered to satisfy desires” (Boyer 1992, 192). The most important
role of the city seems to be to commemorate the genuine storyline, regardless of the
fact that it has since degenerated into an appurtenance. Even the city centre is no
longer more than a ‘variation of the themepark’ characterized by pedestrian system
branded ‘Jane Jacobs’ style’. These selected lines reflecting the message of Michael
Sorkin’s book Variations on a Theme Park - The New American City and the End
of Public Space (Sorkin 1992) in an exceptionally cheerful attempt to describe the
stage of the American city turning upside down, also raise serious issues about the
challenges in urban planning; namely, the outdated tools and best practice solutions
that have occasionally increased the frustration of planners beyond the common
frustrations. Unfortunately, very little apart from mere lengthy criticism has been
brought into the discussion. Generic solutions are still on the level of CIAM-based
zoning. The true influence of spatial entities remains nearly untouched. Albert Pope
tries to convince us of this with a positive attitude by stating:
“A critique of the primacy of built form in the contemporary urban environment need not
lead to the paralysis, absurdity, nihilism, irony, commercial prostitution, or the despair of
an aspiring form-maker. A rejection of the primacy of form is not a rejection of urban form
itself, but of its privileged status in an environment where it clearly has none. Acceding to
this diminished status is not a capitulation of professional prerogatives, nor is it a betrayal
of the discipline’s principles. On the contrary, it opens up another set of possibilities that a
continuing denial of the contemporary situation otherwise obscures. Only by abandoning
the primacy of built form is it possible to reposition form so that it may effectively respond to
a city dominated by space.” (Pope 1996, 7)

The clear change that Pope suggests is the neglection of state descriptions of
physical form and the focus on obvious changes in spatial practices that follow their
own logic guarded by the internal norms of psychologic, economic and sociological
140
No matter what kind of planning theory we are talking about, the essential question to ask is: “What
is the future?” Planning can be defined as preparation for future change (a special case is the static situation that
can be defined as change rate equal to zero). Following the tradition in Finland, I do not wish to make a distinction
between planning and design. The terms planning, design and architecture used in the context of the urban field
are therefore to be understood as different rhetorics aiming at the same target. The common denominator for
each of these activities is that they involve the arrangement of spatial patterns over time. This is also equivalent to
Chadwick’s systemic approach (Chadwick 1971/1978, 84). Thus urban planning activity always deals with physical
space of some kind. The arbitrary division between the planning process allocating social and economic demands
and the design process allocating spatial entities simply does not hold in the present stage of urban development.
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behaviour. Pope stresses that space is not the gap within a built structure that
separates activities, but instead a connecting manifold of them. Therefore it is
essential to recognize the logic of activities that occur almost without planning and
concentrate on those that do not. In 1943 Eliel Saarinen already outlined a similar
critique and promoted a principle of organic decentralization in order to cope
with the already changed mechanism of the production of urban space. Saarinen
describes the clearly altered condition and new requirements in the form of a novel
planning program as follows:
“Real organic decentralization begins with the distribution and interrelation of city’s manifold
activities. In a sense this is comparable to a chemical process, for the progress of organic
decentralization acts and reacts like a slowly and constantly working chemical process where
a gradual change from disorder into a workable order is manifest. So to speak, chemical
laws direct the conversion during which the various urban functions, formerly haphazardly
distributed in the city’s confusion, become now adequately interrelated so as to assume
functional groupings. These groupings, as the conversion proceeds, begin to form themselves
in certain suitable locations on the broadened urban area, and with workable interrelations
with other groupings.” (Saarinen 1943, 206)

It is noticeable how Saarinen actually sketches out an impression of a physical
entity that is a result of an emergent phenomenon. Saarinen takes the view that the
changes in city formation are results of the shifts in the balance of decentralizing
centrifugal and concentrating centripetal powers, and should result in a reaction
in planning schemes (Saarinen 1943, 204). To do that one must understand the
emerging form and its potentials he describes at length with the metaphorical
example of how the form a drop of water changes under external pressure:
“The water assumed four different forms. In the first instance the water retained its single
circular shape, as if cautiously anxious to keep within its capillary boundaries. Its form was
like that of a medieval town where the cohesive necessity for protection caused distinct
fortification lines. With slight pressure the water spot became denser at its periphery, though
not sufficiently so as to break its cohesive borders. In much the same way, the congested
town tended to expand when the necessity for concentrated defence was lessened, but
was still compulsorily centralized because of the lack of means of communication. With yet
greater pressure, the boundaries of the water spot were broken due to the strength of the
outwardly pushing force, and, where the force was strongest, the radial extensions were
formed. In urban terms, this is comparable to a city where railroads and street car lines had
partially freed the internal congestion along these lines. In the last instance, however, where
a sudden and strong pressure was applied, the centrifugal force was sufficiently strong to
occasion an entirely new configuration, and the water was scattered about the table surface;
forming itself, because of cohesion, into individual units of various sizes at varying distances
from the center of the applied pressure. This action symbolizes the decentralized city in the
future. ” (Saarinen 1943, 204-205)

From this description it is easy to see that the cohesion is provided by the
centripetal power attempting to keep the surface-volume ratio constant and thus
the form optimal. The cohesion hence causes the drop of water to self-organize
itself into a form corresponding to the outward pulling, centrifugal force applied by
pressure. At this point it is obvious that the description is equivalent to the findings
of both D’Arcy Thompson (see 1.3.1) and Paul Krugman (see 1.2.1) discussed
earlier. This view of the collapse of modernistic hierarchies into a multiple clusters
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[Figure 20]: City as an egg diagram by Cedric Price (1991)
(Source: ARCH+ 109/110, 52; Also cit. Shane 2005, 71)

of centrality has its most sympathic and cheerful representation in Cedric Price’s
illustration “The city as an egg” (Figure 20).

Not only the explosion, but also restructuring process is of major importance.
Saarinen was only witnessing the implosion of an urban core that at times looked
like the decay of a city. Naturally the newborn outskirt manifests itself in some sort
of formation, which is most likely somewhat different from Saarinen’s dream of a
result by planning-led organic decentralization. Pope calls the contemporary phase
of development a superurban stage of a city, which was “initiated as a sub-urban
parasite,” but “is now at the point of overwhelming its host, completely altering the
terms under which the city is conceived.” (Pope 1996, 95) He vigorously describes
this new-fangled spatial configuration as follows:

[Figure 21] Grid transformations: From gridiron and superblock urban structure
to super-urban stage of urbanism (Source: Pope 1996, 170 & 94; http://www.
rice.edu/~lda/Staging/Ladders/Playbook/)

“With the decline of a single center of expanding urban growth, the contemporary city has
evolved into two distinct types of organization. These two types are no longer related as
city-prime and city-sub, but are two equal and opposing entities: the vestiges of a prewar
centrifugal core and a myriad of surrounding centripetal figures. A simple diagram of this
dual morphology shows an interrelated series of prewar centrifugal grids surrounded by a
field of postwar centripetal ladders. The prewar inner city is characterized by an aggregation
of grid structures laid out in separate but ultimately contiguous developments. Surrounding
these grids is the interurban beltway encircling the precise boundary of the prewar gridded
city. Fully penetrating into the gridded structure and extending out from the beltway are the
major through freeways, off of which tract developments, office parks, industrial parks, and
shopping malls are structured.” (Pope 1996, 94)

Even though we have followed the dilution of concentric urban structure with
examples from the United States, we must stress that metapolization is not only
a so-called American type, sprawl associated phenomenon, but a more generally
pervading change in the production of urban space. Although the development
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•
•
•
•
•

the change in scale and form
the transformation of urban mobility systems
the emphasis of individual space/time
the redefinition of interests between the individual, the community and the common
good
the new attitudes to risk

The German-speaking audience has had the chance to follow the development of
Thomas Sieverts’ concept of Zwischenstadt since 1997. With this term he refers to the
inbetween state of urban development between place and world, space and time,
city and country (Sieverts 1997/2003, x). A methodologically different counterpart142
to Sieverts’ work can be found in the work of the Swiss Franz Oswald and Peter
Baccini. Their Netzstadt model (Baccini & Oswald 1998; Oswald & Baccini 2003) is an
attempt to reformulate the principles of the production of urban landscape from its
crucial interactions. The description of the model is too lengthy to discuss in detail
here, but it is worth briefly highlighting some aspects relevant for the background
of the present thesis.

At the centre of the Netzstadt model is the urban morphology, which can
best be interpreted as a ‘frozen’ stage of urban fluxes. Therefore, one of the key
concepts, node,143 can only be understood on the bases of the metabolia it has with
its environment. The relative nature of a node also outlines a built-in feature of
scalarity into a model. The explicit definition of nodal boundaries as a demarcation
between inside and outside also stresses the scalar-dependent observation and
its dimensional characteristics (ibid. 96). Moreover, in territorial scale an entity of
settlement is called a node-field, which in itself is a potential node for the upper
level of analysis. Some of the concepts in the model are not developed to their
141
Naturally common pejorative epithets of urban form, such as sprawl, for example, can be traced
back to the same issues, but the main difference in notation lies in the denotative meaning of the term itself. The
sprawl or ‘Americanization of the city’ refers to the lack of political responsibility and an attitude of the hopeless
self evidence of development. Metapolization, on the other hand, is more humble in terms of cause and effect, and
requires a more straightforward way to accept that “this is exactly the outcome we wanted with our decisions”.
Metapolization is not the end of planning but the new beginning.
142
For differences see Pakarinen (2007).
143
A node is by definition “a relatively high concentration of people, goods and information” (Oswald &
Baccini 2003, 46). It is noteworthy that the same elements annotated with the term PIGs are a central concern in
Ascher’s discussion of Metapolis (Ascher 2004, 23).

[Figure 22] (Sources: Oswald & Baccini 2003, 55; Borsdorf 2004, 28 [after
Kunzmann 2001]; Graham & Marvin 2001, 205; Sieverts 1998/2003, 135)

sprang into general consciousness from there, the development is largely taking place
within the global economy and Western democracy and has by now pervaded more
or less all continents. According to François Ascher (2000, 2004), metapolization can
be dissected into five characteristic recent changes in the urbanization process:141
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full potential,144 but despite some aspects still open for further development the
Netzstadt serves as an important contribution to understanding not only the
potential future but also the current stage of urban development. The model is
a powerful synthesis of a wide span of spatial knowledge from lynchian ‘textural
elements’ (ibid. 47) to morphological quantitative indicators (ibid. 130-153) and
qualitative evaluation criteria (ibid. 126-128) to structured participation frameworks
(ibid. 256-289); that is, all aspects that are necessary for a fully-fledged planning
implementation in the age of third modernization.
monopolis

metropolis

metapolis

retro-

metro-

petro-

modernity

1st

2nd

3rd

century

17

19

21st

mono-nucleated

poly-nucleated

poly-nucleated

intraurban

suburban

superurban

absolute

relative

relational

initial impression
[Table 3] Amalgamation of urban characteristics from various sources mentioned in the
preceding text. The most notable direct citations are from Ascher (2001) and Shane
(2005).

agglomeration
urban fringe
notion of centrality
interrelation of centres

th

th

undefined hierarchy

strict hierarchy

emergent hierarchy

hierarchy

uncomposable

completely composable

nearly composable

structure

unity/node

tree/ladder

lattice/network

stability

efficiency

flexibility

spatial representations

representations of space

spatial practices

agricultural

industrial

informational

repetitive

rational

reflexive

organic

mechanic

introspective

local

global

glocal

advance in development

cultivate

upgrade

enhance

regulations

customs

laws

norms

force

persuade

attract

“God” of planning

“Holy spirit”

“Father”

“Son”

urban design

architecture

planning

management

city diagrams

Park & Burgess

Hoyt

Harris & Ullman

Eliel Saarinen

Growth

Decay

Future

Cedric Price

Boiled egg

Fried egg

Scrambled egg

Kevin Lynch

City of Faith

City as a Machine

Organic city

Archi Città

Cine Città

Tele Città

essence
spatiality in planning
economy
actions
solidarity
interaction

aims

ISoCaRP

Planning is largely guided not by the actual land use plans but by different
norms, regulations and subsidies that have huge spatial impacts. The changes
Ascher recognizes are those that have blurred the outcome of the spatial process
with new practices. Yet the logic of centralization is largely the same as it has been
for ages. Looking at the logic of the grouping and clustering of activities in the
144

See Joutsiniemi & Michaeli (2005) for a detailed discussion.
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city centre, it is easy to see that it is not a single entity but a set of overlapping
activities arranged more or less spontaneously into an interlocked medley, where
the degrees of centrality build different local characteristics. We can even claim that
the monocentric city never existed, but was only an interpretation which became
possible after the recognition of an upper scale became possible, first in the form of
a city diagram and later in the form of the emerging metropolis.
The changed requirements and characteristics of planning have been collected
in the table (previous page) and classified into three categories:145 Monopolis,
Metropolis and Metapolis. The freshly coined term monopolis considers a city as
a unified entity on a scale where the two others are examined. Correspondingly,
metropolis refers to the stage when the city was seen essentially as a hierarchy,
while the multi-scalar accessibility field orchestrates the outcome of metapolis.
The unfortunate consequence of this is an occasionally rising illusory belief that
if the hierarchy is broken, any other form is therefore possible. But that is hardly
true, either. Metapolis is a simple manifestation of the idea that the concept of
centre is becoming exhausted, exploited. The above trinity of urban concepts is not
to be understood as some sort of final stage of the development, but rather as the
final stage of the paradigm. The definition of metapolis is therefore most obviously
an explicit denial of the city as any kind of superorganism in a similar manner as
occurred among ecologists in the 1980s. The traditional polis-related terminology
is just simply too vague to cope with the actual formation process. The location of
metapolis in the last column of the trinity does not therefore contain any apocalyptic
connotations, but simply the wisdom that doctrines of a trinity usually do. It is
supposed to be a conceptual tool to propagate the same essence of existence. The
concept of metapolis is an open encouragement to search deeper in order to find
profound symmetries behind the process; an obligation to talk about something else
but not anything else what-so-ever.

145
Why the division into three instead of four (like the development phases of Taylor) or fifteen (like the
scale levels of Doxiadis)? At this point the answer must be that it is due to the unified interest of convention and
practicality. It should be stressed that three is not selected on the basis of any numerological purity, even though
some of the selected wordings and references point in that direction. Three is simply a minimum number of steps
to achieve a sense of transition with clear-cut entities. Thus the number in this case is unimportant and the focus is
on the evolutionary nature of a process.



CHAPTER II

[Figure 23] Complex outcome of Stephen Wolfram’s one-dimensional cellular automata model applying rule 22
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Methodological framework
The purpose of Chapter 2 is to present a methodological framework of urban
modelling and see how the earlier developed theoretical frame based on the division
of entities and quantities can be seen in this modelling context. A more profound
exploration is made of the origin of a spatial interaction model that provides leads
to understanding how modelling can be seen as a tool, not only for quantifying but
also for modifying spatial entities. In the latter part of the chapter it is recalled how
the urban transformation process can occur through spatial interaction and how
the key element of this process, the concept of accessibility, can be brought into a
disaggregated level for use in the following chapter which presents the empirical
work of the dissertation.

2.1 A brief preliminary note

I

n his introduction to Actor-Network-Theory (ANT), the French sociologist Bruno
Latour describes methodology as a travel guide to scientific work (Latour 2005,
17).146 Latour’s own contribution is itself a fine example of exploration into the
midlands of sciences. His recently fairly popular ANT approach is, on the other
hand, only a specific way of redefining the hybrid collectives between the extremes
of modern scientific ideals. With that in mind, it is easy to see several works of
typomorphology such as, for example, the studies of Rome and Venice by Saverio
Muratori as ‘operational history’ (Moudon 1997, 4) or the similar reflection of
‘inbetweenness’ in works of urban morphology by Ranko Bon147 and Panerai et al.148
Therefore, in the following section I will briefly discuss the essentials for progressing
from typomorphological entities to configurational wholes and urban modelling.
In his work of “reassembling the social”, Latour largely questioned the legitimacy
of the profound epistemological difference between science and politics dating back
to the work of Robert Boyle and Thomas Hobbes in the mid-17th century. In fact, he
calls this politico-technological divide the Constitution of Modernism and ends up
accusing the modern scientific discourse of a serious double paradox. According to
Latour, the root of fallacy lies in the belief in a scientific epistemology that concerns
146
“If earnest scholars do not find it dignifying to compare an introduction of a science to a travel guide,
be they kindly reminded that ‘where to travel’ and ‘what is worth seeing there’ is nothing but a way of saying in
plain English what is usually said under the pompous Greek name of ‘method’ or, even worse, ‘methodology’. The
advantage of a travel book approach over a ‘discourse on method’ is that it cannot be confused with the territory
on which it simply overlays.” (Latour 2005, 17)
147
“Furthermore, morphological studies represent a link between the functional and aesthetic problem
of spatial organization. The human brain evolved in accordance with the needs of the species with regards to its
environment. Morphological rules are interiorized in this process. Therefore, aesthetically based studies of form
cannot be detached from the studies of structure (external and internal structure). This is exactly the field where
our understanding of the environment is the poorest.” (Bon 1972b, III)
148
“We are tempted (…) to state that the understanding of architectural and urban forms is as legitimate
and effective a means of understanding a society as any other. The reality of the built environments sometimes
brutally informs us of the operating ideologies, the economic conditions and the social relations.” (Panerai et al.
1977/2004, X)
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[Figure 24] Schematic representation of actions and reactions and the transfer space of
those activities (Source: Jantsch 1967; 30, 114)

Nature as a transcendent source of objective analyses while political epistemology
erroneously favours seeing immanent Society as a realm of subjective free will.
Paradoxically enough, the critical mind constantly operates with immanent Nature
as the source of the omnipotence of mankind and the transcendent society that
considerably restricts the freedom of political activity (Latour 1991/2006, 52-67).
This controversial midland is later filled with a multitude of neither purely scientific
nor purely political hydrids – quasi-objects (Latour 1991/2006, 88). Morphology and,
as will be seen more generally, models and networks are therefore prime examples
of these Latourian quasi-objects.
If Latour is bridging the gap between the political and scientific worlds from the
direction of society, a complementary approach can be found in Erich Jantsch’s
perspective of technology transfer space presented fourty years earlier (Jantsch
1967). In l967 Jantsch completed an investigation for the OECD in the state of the art of
technological forecasting and created a strong framework describing how modelling
techniques fit into the axis from development to implementation. At one extreme
of the axis are the development opportunities defined by scientific resources, while
the other extreme is pinned down by the future goal and needs of a society. This
is thus equivalent to Latour’s axis from technology to politics. Moreover the link
from Jantsch to later planning theory is clear, since the ideological distance from
the OECD’s technological planning to a broader scope of urban planning in general
is nearly insignificant. This was especially true in the 1970s when the modelling
paradigm was adopted by this scientific evidence based planning tradition.149

Despite some major rearticulations in planning theory itself in recent decades,
the basic divide of needs and opportunities is as valid as ever. In fact, the current
planning activities (including normative regulations as well as exploratory modelling)
of various levels still fit quite nicely into Jantsch’s big picture. He tackles the problem
of technological planning as scalar penetration levels of knowledge and two opposing
principal activities. The scalar levels for Jantsch are those of: (VIII) Society, (VII) Social
systems, (VI) Environments, (V) Applications, (IV) Functional technological systems, (III)
Elementary technology, (II) Technological resources, (I) Scientific resources. The upper
four of these are seen as impact levels, while the lower four are best considered as
implementation layers of technology. The activities involved in this transfer space
are exploratory of research and normative acts of society – i.e. action and reactions.
149

See for example: Chadwick (1971/1978); Lee (1973); Roberts (1974)

In the case of planning, an important distinction is usually made between these
positivist and normative approaches. The aim of positive theory is to provide
explanations for urban regularities, while a normative theory is to identify efficient
patterns and means for achieving them. Since the planning by definition concerns
future opportunities and, on the other hand, because this future is at least to some
extent dependent on plans that anticipate it, neither one of these pure approaches is
possible alone. The orientation of this thesis is slightly towards a positivist approach,
simply because in complex systems it has proven to be very difficult to define (in
advance) what reasoning path leads to a desired solution. From the above diagrams
the classic idea of planning activity can be sensed as an attempt to merge needs
and opportunities in the best possible way. Recent decades have shown that this
merging can be far more challenging than these simplistic schemas suggest. This is
largely because of a) a common disbelief in exploratory techniques among planning
critics and b) the great failures of zoning and other planning laws and at the same
time, quite the contrary, due to c) first understanding the self-organizing phenomena
and d) successes in the implementation of normative policies. All of these stress the
need to search for more advanced combinations and scalar interfaces for efficient
planning.

An urban modeller’s apology
Before going into detail and making our travel guide more profound, some
remarks on the nature of order in urban planning ought to be discussed. One can
think of the commonly recognized concentric pattern of a city. It is easy to see it as
a potential, even preferable, outcome of a planning task. It may be also tempting to
see planning as this kind of state description filling the future needs and therefore
see recognizable urban pattern as a result of intentional overall planning. On the
other hand, an alternative explanation can found in the context of self-organization
as discussed earlier in Section 1.2.1. If the overall pattern of concentric ring patterns
in von Thünen’s model of agricultural land use emerges with no farmers knowing
other farmers’ preferences, we can trace the underlying governing principles of
this process (Krugman 1996, 10). Economists tend to respond by referring to the
spatial equilibrium of land value, but as Krugman remarks, “that ‘value’ does not
inhere in some hidden essence” (Krugman 1995, 53). The emergent urban pattern
is a result of agent level interactions and ought to be traced equally not only from
concentric but also from other spatial arrangements. Planning activity can therefore

[Figure 25] Combination of exploratory and normative
means (Source: Jantsch 1967; 114, 118)
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2.1 A brief preliminary note

be targeted at that level and concentrate on alternative process descriptions to meet
the normative needs of the future. In the complex urban landscape, these economybased processes are guided on several interacting levels that make the effective
process-lead planning efforts anything but easy. Webster and Lai have identified five
different types of urban order that seem to follow a logic of their own and play a
significant role in the planning process. The deeply interlinked organizing principles
behind urban formations suggested by them are: organizatorial, institutional,
proprietary, spatial and public domain orders. Each of them can be seen as an
emergent pattern and therefore a subject for planning intervention. There orders
can be described more precisely as (Webster & Lai 2003, 52-141):
•
•
•
•
•

patterns of planned co-operation
patterns of institutional rules and sanctions
patterns of exclusive property rights
patterns of activities over space
patterns of rights imposed upon common resources in public domain

Webster and Lai claim that these orders are spontaneous and hence reflecting the
previous idea of Krugman. This spontaneity is not a product of any rules or ‘planning’,
but an issue of constrained spontaneity or spontaneity shaped by institutions
(Webster & Lai 2003, 1-14). It is therefore important to distinguish between heavily
market-driven spontaneity and the all too common misinterpretation of laissezfaire ideology. The role of planning can therefore be best understood as constraintoriented decentralized planning instead of attempts to control urban development
via total design ideology. The major shift in this direction occurred during the
last quarter of the twentieth century in the aftermath of the downfall of planned
economies and the practical difficulties of costly welfare states. As Webster and
Lai summarize: “the failure of governments to provide adequate infrastructure and
services in the developing countries has led to new forms of local governance that
involve partnerships between private and public decision makers. Governments
became enablers rather than suppliers, and partners of, not opponents to, markets.”
(ibid. 2)
The focus of the present thesis is on questions of spatial order without even
pretending to cover more than a tiny fraction of the needs and opportunities in
practical planning efforts. Other domains of order are by and large left untouched.
Moreover, the focus of the present work is on the lower and mid sections of
Jantsch’s diagram, which is also the most notably covered in traditional urban
modelling techniques. Keeping in mind that the essence of science lies in
description, explanation, and exploration, I will delve deeper into the discussion of
systems theory. That said, there is also a need to recognize the limitations of the
chosen strategy and, despite some advance information, potentially make it more
difficult to recognize trivial questions, such as how to differentiate between normal,
sick and dead organisms or other value-based arguments not included in so-called
mechanistic theories (Bartalanffy 1969/2006, 139). Therefore the exploratory tools
only potentially widen the discussion of normative bases that are necessarily too
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difficult for scientific solutions. These widely recognized limitations, on the other
hand, stress and make it easier to clarify arguments on coulds (opportunities) and
shoulds (needs). Advances in modelling in earlier decades have proven the usefulness
of modelling in simulation and more generally knowledge creation processes in
complex problem solving.

2.2 Systems theory

E

arlier I have already referred on several occasions to the term system, which
in the present case serves as a transferring discipline between planning
and modelling. More precisely, systems theory is a set of interdisciplinary
concepts bridging between several autonomous fields of science. The origin
of systemic thinking lies in the works of several scientists at the turn of the 20th
century and even earlier, but emerged as a new paradigm through the foundation
of the Society for the Advancement of General Systems Theory by Ludwig von
Bartalanffy, Anatol Rapoport, Ralph W. Gerard and others in the mid-1950s. Since
then, systems theory has taken advantage of several branches of mathematics,
ranging from classical calculus and computation to set, net and graph theories and
simulation. Other major resources have been cybernetics, theory of automata and
information, game, decision and queuing theories (Bartalanffy 1969/2006, 19-23).
The common denominator in all the systemic approaches is that instead of trying
to reduce observable phenomena to its elementary units, they are concerned with
what can vaguely be termed wholeness. Generic system theory is therefore, in von
Bartalanffy’s words, related to “‘systems’ of various orders not understandable by
investigation of their respective parts in isolation” (ibid. 37) or even more generally
to “sets of elements standing in interrelation” (ibid. 38).
This general framework is thus very flexible and open to various representations.
Even though the systemic approach is often associated with a hard logicomathematical base, the generic attitude and openness to various technical solutions
is best couched in von Bartalanffy’s statement that “a verbal model is better than no
model at all, or a model which, because it is formulated mathematically, is forcibly
imposed upon and falsifies reality” (ibid. 24). Hence we can safely state that system
ontology is general itself, and does not state whether the reality in the last resort is
material or something else (Kamppinen & Malaska 2002, 59).
In earlier graphs by Jantsch the system (represented as a circle) definitions
contained two fundamentally different possible system descriptions: those of
open and closed system.150 Depending on the implementation of the chosen case,
either representation is possible, but generally the theory itself neither favours
nor underestimates its target. The difficulty lies in just how to define the essential
features in each case. For example, the relation of social needs and opportunities is
150
An open system is one that is connected to its environment via matter, the energy of information
exchange. A closed system is one that is completely separate from its surroundings. Strictly speaking, there is no
such thing as a closed system (or the entire universe maybe, otherwise we would not know about it), but in the
case of modelling based on reduction and translation of essential characteristics of the phenomenon it mimics,
outward/inward exchange may or may not be important.

2.2 Systems theory

Technology transfer levels

[Figure 26] Modified conditions: Interlinking hemispheres and the technology
transfer space in an open society (Source: Jantsch 1967; 124, 25)

naturally far more complex than in our preliminary examples at the beginning of the
chapter. Some of the normative standpoints rule all the way through technological
and scientific resources, and some remain mere dead wishes and ideological
daydreams. Similarly, some advances in science penetrate and eventually twist the
norms of society, while most of them remain within a small group of devotees for
good.
We may also realize some shortcuts in Jantsch’s diagrams in explaining the
internals of need-opportunity feedback. Some of the frustration among planners
can be easily explained on the bases of the normative-exploratory feedback loop
involved in any planning task. Scott Greer described this as a source of crisis at the
dawn of the era of dissolving urbanism saying: “The nature of city is changing, and
the very rapidity of change is producing conflict and confusion in our images and
our policy. Yet we must work out trial solutions; intellectual and political decisions
are demanded every day and will not wait upon a final solution. Ironically and
inescapably, our policy is one of the dynamics altering the city, and our policy rests
upon our images of the city, our notions of how it works and of possible instruments
for change and control.” (Greer 1962/1999, 2) Trying to locate Greer’s argument in
Jantsch’s scheme, it is easy to see that the circular shape of transfer space is highly
inadequate. Even though the norms of society are tested against the technology of
other advances over time, both normative and scientific bases have a tendency to
evolve into something quite different from their earlier phases. Therefore, to come
somewhat closer to transfer space in reality, the following pictures (Figure 26) by
Jantsch have been included to point out the limits caused by aesthetic choices to
retain simplicity.
Normative

Exploratory

Technology transfer space
for an ‘open’ society

In the context of urban planning, the systemic approach was rooted during the
1960s and extensively summarized in George Chadwick’s influential book A Systems
View of Planning (Chadwick 1971/1978). Looking back to this book, it is surprising
how little the fundamental bases of urban planning have changed from the great
days of general system theory, even though the systemic perspective was officially
passé during the 1980s and 1990s when so-called scientific planning was considered
a rather devastating practice. The critique was not so much of the ontological
foundation of objects, attributes, relationships and the stupendous perspectives
emerging from them (Chadwick 1971/1978, 37), but more of the applications that
failed to understand the profound nature of the sensitive dependence on initial
conditions and limits to predictability in urban systems. The earlier focus concerning
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predictions, optimization and forecasting the future has largely been set aside, or at
least set aside as a source of finite planning solutions, and interests have evolved to
take advantage of this same limitedness: discussing what are the true confines of
predictability, sources of discontinuity, bounds to rationality, thresholds of turbuled
behaviour, extremes in bifurcation, etc. In short, we may conclude that predictions151
about the future are still nice, if you can make them, but far more important is the
ability to simulate and make the possible futures more understandable.

Complexity that is not complicated
The last major shift in the modelling paradigm in systems theory and modelling
culminates in the works by the Santa Fe Institute (SFI) from the late 1980s and early
1990s onwards. The rigid structure based systems approach was transformed into
something that could best be described by the term coined by Nobel laureate and
SFI mentor Murray Gell-Mann – Complex Adaptive Systems (CAS) (Waldrop 1992).
Instead of observing systems as a collection of static components, the novel complex
approach insisted on the existence of multiple, adaptive agents as a starting point
for problem solving. John Casti, a member of the faculty of SFI, summarizes some
of the characteristics of this theory of complexity still under formation with three
major differences from previous scientific paradigms. Those are medium-size
number of agents, intelligent interaction and local information (Casti 1997, 213-215).
In the analyses of complex systems the number of agents is typically too large to
convincingly apply a linear solution, but at the same time too small for a stochastic
explanation. Moreover, the agents in the problem are observed neither as dumb,
numeric variables nor omnipotent, free actors, but agents that are a constrained
by a small set of rules they apply and adjust in multiple interactions. Finally, the
information is not restricted to the agents’ own state only, nor to the extent of the
entire observable system, but to a small subset of local individual neighbourhoods.
Generally speaking, the complex problem lies at the nexus of several methodological
intermediate states that could be successfully explored and explained with heuristic
simulation tools.
The idea of complexity leads further back in history. The definition can be found
in Warren Weaver’s outline of advances in scientific theory with much the same
meaning as in the current discussions of complex systems in the advent of the theory
of communication (Weaver 1948). Weaver described early modern science from
the seventeenth to nineteenth centuries as puzzling with problems of simplicity.
Despite the achievements leading to the Industrial Revolution, the problems of
science were mostly two-variable problems. The development since the 1900s has
been characterized by complexity, which, according to Weaver, is largely due to
151
By predictability we mean the fundamental systemic properties of a complex system. This is, as will
be seen later on, quite different from the more pragmatic ‘predictability’ caused by the levels of uncertainty in
forecasting the future. In a game theory sense, the confidence in future states can be divided into: unstructured
uncertainty, structured uncertainty, chance and certainty (Chadwick 1971/1978, 312-3). In the modelling-based
approach used here the de facto unstructured uncertainty (states of system unknown for a time other than present)
that among planners is commonly observed as instances of chance (states of the system and the laws of probability
for change are known) is turned back towards questions of structured uncertainty, where the states through which
the system passes are known, but the stability and frequency of change in inspection are under scrutiny.
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the requirements of life-sciences, where “(l)iving things are more likely to present
situations in which a half-dozen, or even several dozen quantities are all varying
simultaneously, and in subtly interconnected ways” (ibid.). The problem arises as the
amount of interconnections increase and finding solutions becomes too laborious
and complex for common analytical methods.
The novelty in Weaver’s thinking was that he split the notion of complexity
in half and found two clearly different forms of it: disorganized and organized.
Disorganized complexity is typically found beyond the classical Newtonian dynamics
that is explained by the laws of thermodynamics and other analyses derived from
statistical considerations. For this he used a classic example: “The classical dynamics
of the nineteenth century was well suited for analyzing and predicting the motion of
a single ivory ball as it moves about on a billiard table.” He continues with seeming
paradox of disorganized complexity with the remark, “Imagine, however, a large
billiard table with millions of balls rolling over its surface, colliding with one another
and with the side rails. The great surprise is that the problem now becomes easier,
for the methods of statistical mechanics are applicable.” (ibid.) That is to say, even
then this was no longer a big mystery or a challenge.
Weaver’s real target was organized complexity – “problems which involve dealing
simultaneously with a sizable number of factors which are interrelated into an organic
whole” (ibid.). This is the middle region of science, where most of the problems of
everyday activity are situated. These are the true problems of biological, medical,
psychological, economic, political and even social sciences, in which the need for
information goes beyond averages and the nature of the underlying organization
is called for. All these problems share a common feature that neither detailed
information on individual components nor a general pattern of structure is adequate
for understanding how the coupling of entities creates a system level behaviour.
This is crucial if the overall pattern is not inevitably unavoidable or the components
predictably stable, and therefore evolutionary changes and potential interventions
cause complex effects on the system’s future states.
Herbert Simon was one of the early illuminated ones using the term complex
systems. Simon built on Weaver’s contribution and was able to define more
detailed characteristics of this middle region of systems. He coined the term nearly
decomposable system and was able to get a grip on the reasons for the metaphysical
nuisance of common “more than the sum of its parts” intuition. Simon mentions
this precise idiom as his working definition,152 and it is also constantly related in
recent discussions on emergence. Contrary to a decomposable system, it cannot
be decomposed into subsystems comprised of the individual particles, because
the interactions among subsystems may be weak, but not negligible. Simon found
that this loose coupling of subsystems leads to significant characteristics of systemsubsystem behaviour (Simon 1962, 474):
152
“Roughly, by a complex system I mean one made up of a large number of parts that interact in a
nonsimple way. In such systems, the whole is more than the sum of the parts, not in an ultimate, metaphysical
sense, but in the important pragmatic sense that, given the properties of the parts and the laws of their interaction,
it is not a trivial matter to infer the properties of the whole. In the face of complexity, an in-principle reductionist
may be at the same time a pragmatic holistist.” (Simon 1962, 468)
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in a nearly decomposable system, the shortrun behavior of each of the component
subsystems is approximately independent of the short-run behaviour of the other
components;
in the long run, the behavior of any one of the components depends in only an
aggregate way on the behaviour of the other components.

This causes a tiny epistemological problem of creating system representations.
Near-decomposability is a major threat to hierarchical descriptions of data and
makes the entitation process worth additional consideration. Intra-connections
are typically stronger than inter-connections so at first glance it seems as if
a relatively small portion of information is lost in entitation, but in the case of a
decomposable system that means that ignored subparts working only aggregative
fashion oversimplifies the model and destroys the essential dynamics of reality
represented (ibid. 473). The implication of this in planning practice can be found via
Anatol Rapoport’s explanation of systemic theories of conflict – a tendency of large
systems to produce outcomes that are independent of the aspirations of system
members. Despite heavy generalisations to attribute a game theoretical approach
to the nature of conflicts, he concludes: “Psychological traits of entities need not be
involved to explain the behavior of the system.” (Rapoport 1974, 169) Furthermore:
“The ‘psychology’ of the system may be entirely independent of the psychology of
its human components.” (ibid. 173) This does not mean that the behaviour of an
urban system is independent of the behaviour of man, but instead that descriptions
of urban and behaviour systems are incompatible.
In more formalised instances of systems, this dependency of context of system
description becomes more understandable. A particular system, even a complex
one, is implicitly or explicitly defined for a particular purpose. Consider, for example,
by far the best known mathematical description, E = mc², which seems to suggest
that in this turbulent world the most fundamental relationship between energy and
the material generating it is the most simple algebraic equation – a straight line!153
Similar generalisations that provide an explanation for a satisfying resolution
can be found in descriptions of urban systems as well. In the early 1970s the
criticism of urban modelling had already been targeted at a tendency of assumed
equilibrium. For example, the Lowry model was heavily criticised for this,154 and
among economists a more realistic far from equilibrium state was also described
by David L. Huff and Richard R. Batsell: “It seems reasonable that for most resident
populations there will be some consumers who are in the initial search phases of
behavior, some with partially-formed preference patterns, and others with wellformed patronage habits.” (Huff & Batsell 1975) A more up-to-date base can be
found in a short description by Batty (1996):
153
Since the speed of light, c, is constant, the functional form of Einstein’s famous equation is:
		
f ( x ) = ax
To conclude this elegant form, Einstein had to omit kinetic energy, which makes the formula slightly more
complicated. Using the Taylor series it can be written, for example. like this:
 1  v  2 3  v  4 5  v 6 
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See, for example: Lee (1973, 99-102) for further discussion.
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“There is widespread agreement that cities are systems which are far from equilibrium, that
cities develop through the positive accumulation or feedback of many seemingly random
events most of which never fire but some of which generate surprising and novel changes,
discontinuities and bifurcations.”

We must concede that the daunting fact against modelling done under this
somewhat naïve assumption may accumulate in a nolen volens outcome. When
realizing that this assumed equilibrium is never actually achieved, it is worth
speculating on the consequences of starting erroneously. To me the boldest
accusation from this can be found in Eric Beinhocker’s summary of fundamental
change in economics (Beinhocker 2005, 21-75). He claims that the entire field of
traditional economics falls into this equilibrium fallacy. According to Beinhocker, the
lack of alternative tools has led to unrealistic assumptions and misleading results in
neoclassical economic theory. This said, there is a temptation to claim that equally
serious problems may arise when modelling results are used in a straightforward
manner to back up political decision-making without an open discussion of the
methodological bases. To back up our discussion further it is fair to say that these
problems seem nearly parallel. The focus lies too much on questions of how wealth
or traffic is allocated, and not in how they are created in self-reinforcing positive
feedback.
The lesson to be learned from this is that even if it is important to know what a
model can tell you, it is at least as important not to overplay its capabilities. Or riding
on Joseph Schumpeter’s famous phrase155; beware of Hamlet without the Prince
of Denmark. Therefore is seems a proper way to close the paragraph and move
from systems to their representation with a quotation from Simon’s Architecture of
Complexity.
“How complex or simple a structure is depends critically upon the way we describe it. Most
of the complex structures found in the world are enormously redundant, and we can use this
redundancy to simplify their description. But to use it, to achieve the simplification, we must
find the right representation.” (Simon 1962, 481)

2.2.1 “Ceci n’est pas une pipe” – it’s a model
The aim of this lengthy chapter is to discuss the models into which we constantly
run in our everyday activities, but which seem to hide their profound complexity
in their ordinariness. Consider, for example, Michelangelo Buonarroti’s statue
of David156 with its grossly exaggerated palms and absurdly fake pubic hair. This
vulgar (but hardly untrue) description of David, regarded as a masterpiece of Italian
Renaissance art and the most recognizable sculpture in the history of art, suddenly
seems an obvious example of a model. Due to its vast 5.17 metre size, the statue can
easily be understood as a scale model. Our example of the unfairly treated David
is also in itself a model that it links the Chapter 1 on spatial representations to this
chapter, where other kinds of modelling schemes are introduced.
155
Original context: “A theoretical construction of capitalism that neglects creative destruction neglects
all that is most typically capitalist about it; even if correct in logic as in fact, it is like Hamlet without the Danish
prince.” (Schumpeter 1942/1975, 86)
156
The statue was sculpted between 1501 and 1504.
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An often refered to classification divides models into three distinctive types157:
iconic, analogue and symbolic (Chadwick 1971/1978, 64). Iconic models are
simplifications that “look like” their target. It can be said that iconic models represent
reality. Our David therefore is an iconic scaled-up model of a man in the same way
as maps are scaled-down iconic models of terrain. Analogue models, on the other
hand, are ones that substitute a certain property with another. Flow charts or plain
wordings and metaphors are examples of this group. Symbolic models simplify
reality by describing a property or a phenomenon with abstract symbols in which
interrelationships are strictly defined. Most commonly mathematical formulas are
such, but, for example, musical notation may also be included in that group. As the
reader can guess, this classification likewise lacks strict borders. For instance, verbal
concepts and ontologies may be seen as belonging to the group of symbolic models
and onomatopoeic expressions to iconic ones. Similarly mathematic models are
not simply symbolic, but in fact have a great potential for being relocated in other
categories as well, as will be seen later on.
Models in general can be described as a simplification containing the
characteristics considered essential for some real world object or event. In other
words, models contain only selected aspects of the real world. A model is essentially
a reduction of a reality. From these definitions it follows that models themselves
are characterised by incompleteness. But this incompleteness is not a weakness
but a strength of a procedure. To be able to create a model, its builder must make
some assumptions about the important features of the object or event modelled.
It requires a modeller to distinguish the important features from the unimportant
ones, to get rid of idiosyncratic phenomena and concentrate on core activities. This
is the general setting of any modelling act, which does not mean choosing ordinary
issues in favour of peculiar ones, but only to make justified decisions between various
layers of information. John H. Holland argues that to penetrate the familiar surface of
ordinariness a general setting is created by melding the core features extracted from
models: “Without a general setting, our role remains that of taxonomist, a butterfly
collector, making a long list of models and their features. Collecting is valuable, but
a general setting is necessary, if we are to explore coherently the ways in which
models help us to understand our world.” (Holland 1998, 22).
Bill Macmillan found three different senses for the concept of model to be used
for this knowledge creation: representation, realization, translation (Macmillan
1996, 156). All of them can be seen as instances of user needs of a general hierarchy
of values and goals. This hierarchy can be seen as a bridge between the theory and
symbols of explanation. (Chadwick 1971/1978, 186-188). If by theory we mean
a system of ideas to explain a group of facts, then symbols can be seen as the
smallest constant variable or parameter quantities playing a part in this explanation.
According to Chadwick, the path from symbols to theory then consists of algorithms,
models and metaprocedures (or in alternative terms: user languages, languages and
metalanguages) which in turn forms a theoretical pattern of explanation – i.e. a
paradigm. A model is therefore a formal interpretation of reality made by assigning
157
The division bears resemblance to Charles S. Peirce’s famous triad of signs (icon, index, symbol) even
though Chadwick’s reference seems to point on Acroff et al. (1962)..
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meaning to symbols and truth values to the constructions of some formal language.
To put it more formally, a model consists of an algebraic structure and a specific
logic.
For the purposes of the present thesis, we can agree with Chadwick when he
claims with minor loss of accuracy that a model is, in short, a representation of a
system (ibid. 187). In the framework chosen here it is therefore unnecessary to stress
the reductionist point of view, since that is natural for any form of representations
where translation is involved. After all, this is also in line with W.V. Quine’s notion
of characteristics of any translation process, and therefore unavoidable. The act
of modelling is to represent something and to create a narrative explanation via
isomorphism. Holland remarks cleverly something that is often forgotten when
asking for a specific justification for scientific modelling; that the words we lean
on in almost any ordinary argumentation or explanation are also models (Holland
1998, 23-24). Often this model nature of spoken/written language easily carries
heavy ideological standpoints. For example, for any Christian the concepts of wine
and bread stand for more than mere nutrition, but recently the explanation and
scientific proof of this alleged isomorphism has largely been questioned.

A note on the ontology of modelling
Though modelling is a rather new area of scientific activity, in the sense of
applying quantitative reasoning for multidisciplinary problems, several branches
of this activity can be seen as containing equivalent ontologies.158 Obvious
fundamental limitations concern the semantic nature of ontologies. In the works of
the Vienna school (and supported by Ludwig Wittgenstein), the branch of analytical
philosophers has concluded that major limitations are created by language itself.
Although this is sometimes understood as an inevitable break between the physical
reality and its conceptualizations, a more rewarding discussion may be found in the
contexts of what Wittgenstein referred to as language games.
To agree on the obvious but profound separation of referrer and referent (model
and object) simply leads implicitly to a causation concerning a possible conceptual
underdetermination. The classical form of the problem of underdetermination may
be found in the so-called Quine-Duhem thesis (QDT).159 The original discussion of
Quine concerned words, their referents and the problem of translation (among
other things). The bottom line was his claim of an inevitable ontological relativity.
By this Quine recalls that our ordinary talk does not properly refer to objects, but
158
Note that I use the term ontology in a slightly more profound sense than in state-of-the-art GIS
or in other repositories of a formal representation of a set of concepts in various applied sciences. The general
character of these ‘ontologies’ is that they are often more like immaterial merchandise built for ad hoc purposes
than thoroughly thought out data standards. According to Andrew Frank, they “are products and are sold in the
international supermarket of AI research. In this supermarket consumers with particular needs shop for ontologies.”
(Frank 1997, 136) The ontologies of computer science are heavily bound to pragmatic conventions due to the use of
terms in computer sciences meaning roughly the same as a conceptual model in general.
159
QDT is often evoked in the context of scientific theory, and it is the claim that a theory cannot be
tested in isolation; a test of one theory always depends on other theories and hypotheses (see Quine 1960). Here
I incline more towards semantic underdetermination, which means roughly that most sentences of a natural
language lack a definite semantic interpretation.

is instead largely determined by the surrounding semantic relations. The same is
naturally true with other representations, such as spatial maps and models.
Despite this mathematical load of earlier introduced modelling types, they
become understandable once understood as further formalizations of a conceptual
model. A conceptual model has an ontology that can be understood as no more
than the set of expressions in the model which are intended to denote some aspect
of the modelled reality. We can outline some ontological similarities of commonly
used models, such as conceptual models, data models, abstract relational models
and ordinary databases. In order to give a short, more tentative than comprehensive
crosstabulation of ontologically-related terminologies of modelling traditions,
various terms can be summarized as follows:160
ontological unit

conceptual model object model

relational model database term

entity

concept

class

domain

type

property

attribute

attribute

attribute

field / column

occurence

instance

object

tuple

record / row

schema

set of attributes

structure

heading

template

population

set of objects

superclass

body

table

identifier

primary key

object ID (OID)

primary key

primary key

reference

relation

association

foreign key

secondary key

function / action

request

method/service

composition

aggregation

One of the most wide-ranging attempts to create a unified structure of modelling
is non-proprietary specification language – Unified Modelling Language (UML). I
introduce it here briefly as an overture to typical modelling ontology in its generic
form,161 rather than to dig into details of the rich modelling tool itself. UML is
usually considered as an object modelling language, but its wide range of other
conceptual modelling methods makes its usage very flexible and translations to
other description languages are largely automated. UML is a combination of three
methods: James Rumbaugh’s Object Oriented Modeling (OOM) for analysis (OOA),
Grady Booch’s Booch Method for design (OOD), and Ivar Jacobsson’s Object Oriented
Software Engineering (OOSE) which provided a use case approach, concepts and
notation for the first UML specification in 1996.
160
Generally speaking, these classes are somewhat subjectively selected traditions of modelling which
continuously develop in terminology and often have multiple, simultaneous terms imported from other modelling
traditions in use. For example, the UML glossary alone covers some 200 modelling concepts for that specification.
Thus the terms vary from software to software and school to school. Despite this vagueness, some basic texts
for each tradition can naturally be pointed out. Conceptual modelling is most often the first level abstraction of
modelling, where the semantics of the systems and assertions (sequents) are represented. Entity-relationships are
often pictured in the form of an ER diagram proposed by Peter Pin-Shan Chen in 1976 (Chen 1976). Object oriented
modelling has its roots in early object oriented programming (OOP) languages like the 1960’s Simula and 1970’s
Smalltalk. Current examples worth mentioning are C++ and Python (see, for example: Stroustrup 1994). Abstract
relational model (ARM) in turn is a construction that led to the development of relational database. ARM was
outlined by Edgar Codd (Codd 1969).
161
A stunning example of the generic nature of UML is the semantics description of language which
uses a subset of UML notation and semantics to define itself. This meta-circular way of describing UML metamodel
bootstraps itself in the same manner as a compiler is used to compile itself (UML semantics 1997, 6) or the
‘organisms’ in cellular automata that are able to reproduce themselves.

[Table 4] Corresponding ontologies in various forms of
modelling

100 | 101

2.2 Systems theory

UML is a model for models. It is characterised by a set of diagrams divided into
three categories: six types represent static application structure; three general types
of behaviour; and four varying aspects of interactions (Figure 27). These allow the
modeller to take a different view of a system model. The most important diagrams at
the beginning of most modelling processes are the use case diagram, class diagram
and activity diagram, which correspond respectively to the functional requirement
view, static structural view and dynamic behaviour view of the system.
[Figure 27] UML 2.0 specification contains 13 different categories. The hierarchy is modelled using the specification’s Class
Diagram convention. The major divide in UML specification structure is made between state and process description components
(After Wikipedia; Unified Modelling Language).

Diagram

Behavior
Diagram

Structure
Diagram

Class
Diagram

Component
Diagram
Composite
Structure
Diagram

Deployment
Diagram

Activity
Diagram

Object
Diagram

Package
Diagram

Use Case
Diagram

State Machine
Diagram

Interaction
Diagram

Sequence
Diagram

Interaction
Overview
Diagram
Communication
Diagram

Timing
Diagram

The diagrams only provide visual interpretation for partially covering
representations of modelled systems. This is achieved by a four-level meta-model
structure that provides the semantics of UML. Below the diagram items, i.e. the
user objects, one finds three additional layers of model, metamodel and metametamodel. The user-objects layer is the actual data that describes the information
domain of application and is an instance of a model. The model layer provides the
language for describing the information domain and is an instance of metamodel.162
The metamodel layer contains the ontological entities of the modelling language and
is an instance of meta-metamodel. Finally, meta-metamodel is the least elaborate
and most compact level of description language. It is also noteworthy that each
metamodel contains a meta-metamodel whether explicitly described or not (UML
1997, 7-8; OMG 2005, 16).
The main importance of UML and other generic modelling specifications is to
increase the abstraction level in design and to enhance the overall functionality in
the design process. “A model may do this by hiding or masking details, bringing out
the big picture, or by focusing on different aspects of the prototype”, as it is decribed
in an official introduction to UML (OMG 2005). The specification defines an open
standard to the design of reusable and portable data models and components. When
162
The model layer of UML is shown Figure 27. The UML metamodel in turn consists of some 90
metaclasses, over 100 meta-associations and includes almost 50 stereotypes. The meta-metamodel layer of UML
is compatible with Meta-Object Facility (MOF), which itself is designed on the bases of four-layer architecture. The
structure of four-level architecture bears a resemblance to biochemical architecture that consists, for example, of
deoxyribonucleic acid DNA (~model), 20 amino acids (~metamodel) and only 4 nucleobases (~meta-metamodel).
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comparing model usage in current Model-Driven Engineering and the current state
of UML, it is easy to see that among urban planners the modelling paradigm is still
taking its first steps of trying to recognize and agree on basic conceptualizations (i.e.
the metamodel layer).163 Most of the modelling work is still unique constructions for
unique purposes without any possibility for interoperability and sharing, and with
very limited possibilities to build upon earlier work.164

Classifying urban models
Several writers have built classifications of models for imaginary multiple
purposes, and therefore an exhaustive taxonomy of models is a far from simple
task. To give a brief introduction of how the concept is understood in the field of
urban planning, naturally some of the semantic branches of the concept discussed
above ought to be stripped away. If the focus in the discussion above was on general
purpose modelling languages and essential facts of modelling ontologies, this
section concentrates more on the urban modelling tradition.
The most commonly used models in planning are naturally the maps mentioned
previously that serve as scale models. Only at first glance does it seem that maps
operate with only one type of isomorphism – a scalar resemblance. As will be
discussed more thoroughly in Section 2.3.3., maps are a part of a larger modelling
tradition that covers more than just absolute descriptions of space. Maps are fullblooded representations of space and thus comparable with what in general is said
about modelling. Most often, cartographic representations are associated with
object-oriented modelling, where the coherence of the model is based on geometric
or topological relationships. In the following, the brief descriptions by John H.
Holland and John Casti of modelling in general are mutatis mutandis relevant to
modelling of any spatial entities as well and are also adjusted to the classic text
of Chadwick. Actually, in their complex systems approach both Holland and Casti
use maps independently as generic examples of the modelling paradigm (Holland
1998/2000, 28-29; Casti 1997, 53).
From the practical point of view, the essential constraint is to present the required
correspondence between the world and the model. In a scaled down relationship
this is only a matter of threshold, but the correspondence can also be built in a more
complex way. The correspondence, on the other hand, does not necessarily have to
describe all features of the world, but to meet the correspondence to some degree.
This leads to the crucial fact that a model in fact must be simpler than the thing
modelled, but the simplification process can be as imaginative as the modelling
task requires. This brings some additional requirements for model building. The first
163
Saying this, I cannot resist the temptation to recall Weaver’s views on the development of ‘lifesciences’ and thinking about the obvious correlation with the state of urban studies up to, say, the year 2000.
Weaver remarked: “It is not surprising that up to 1900 the life sciences were largely concerned with the necessary
preliminary stages in the application of the scientific method-preliminary stages which chiefly involve collection,
description, classification, and the observation of concurrent and apparently correlated effects.” (Weaver 1948)
164
Open Platform for Urban Simulation (OPUS) at http://www.urbansim.org/ is a step in that direction,
but at the time of writing this it is still far from being a standard of any kind. ESRI authors are also building their
geodatabase on UML (Hopkins et al. 2005).
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is that the world must be mapped to the model using proper building blocks and
their relations. In a mapping process the correspondence must remain isomorphic
in terms of the purpose of the model. In a mapping process the only uncertainty
lies in the interpretation of the model, in a manner of how the reduction of a reality
is achieved. Due to this plurality of the term mapping, it also refers to the broader
activity of explicitly defining connections between object and its reference, whether
the activity is related to geometric or graphic patterns or not.
[Figure 28] Taxonomy of urban models (After Echenique 1968)

explorative

descriptive

planning

predictive
models
reality
past

present

future

When earlier introduced approaches to forecasting the future by Jantsch
are brought into modelling traditions, four types of techniques can be outlined:
exploratory, normative, feedback and intuitive techniques (Chadwick 1971/1978,
159-160). The first two are separate methods that include several techniques to
achieve a rationally derived understanding of future possibilities. By far the most
common exploratory technique is extrapolation, while normative modelling is
heavily bound to relevance-tree techniques165. The intellectual misuse of simplified
trend extrapolations is a most obvious candidate for the disappointments
confronted in mathematical modelling.166 Feedback techniques can be implemented
by combining normative and exploratory techniques and are most often applied in
computer simulations. Intuitive techniques are those that use expert knowledge in
165
An analytical technique that subdivides a large subject into increasingly smaller subtopics.
166
Margaret Roberts remarked as early as in 1974 that the trend extrapolations used by planners had
already back then been over-used, even though they are clearly most suitable for short-term problems or large-scale
issues with minor variation (Roberts 1974, 89). The normative turn caused by major disappointments on promises
of quantitative models has not actually made any progress in planning or improved the results significantly. When
these linear projections of present-day observations towards the future (that can today be made with a single leftclick in Excel spreadsheet for any available data) are in the worst cases chosen on the bases of quasi-normative rules
of thumb of municipal representatives or expert witch-doctors, the entire tradition of modelling has fallen into the
category of dangerous indoor sports.

104 | 105
future scenarios, for example, the Delphi method, weak signal and other futures
studies techniques.167 The most recent large-scale urban models of the present day
use several or all of these techniques, for example, as in advanced scenario building
tools like SLEUTH, MOLAND or DUEM.168
Loewenstein, in turn, divides models into two major categories on the basis of
usage. One is descriptive models and the other behavioural models, which in turn can
be divided into prescriptive and predictive branches. Prescriptive models were once
also known as planning models (Loewenstein 1966 cit. Chadwick 1971/1978, 196). A
good summary of these Loewenstein categories and their relation to planning reality
can be found in the diagram by Marcial Echenique shown above (Figure 28). The
clever arrangement of models in the diagram is based on the principle of how these
are used in different time scales. This division covers sufficiently also a more recent
taxonomy by Casti (Casti 1997). Keeping in mind the earlier discussion on the role
of planning in the current state of urbanism, it would be necessary to extend this
scheme towards the simulations that currently cover several aspects of explorative,
predictive and prescriptive aims in the orientation towards possible futures.169

Essential modelling
Simulations come into the picture again when the problem defined can be
considered too complex for analytic or algorithmic solution. Heuristics is sometimes
opposed to algorithm since it does not cover every possibility of the solution, but
instead is a practical sequence of steps to reduce the dimension of the problem into
something that can be handled within a reasonable time frame. This is natural since
the development of ever more powerful computing capabilities has become more
widespread and affordable, and at the same time the awareness of mathematical
limitations that can only provide an answer to a small portion of real world problems
by strictly analytical method. The table below gives a good idea of how historically
efficient analytical tools can provide a solution in only the most simplified cases.
This becomes even clearer in light of Stanislav Ulam’s remark that even the very
profound naming conventions carry a misleading historical load in talking about
‘nonlinear equation’. Since most of the functions are, in fact, exactly those (see
table below) and most of the time major transformations are needed to make them
analytically solvable, the naming convention is, according to Ulam, “like defining the
bulk of zoology by calling it the study of ‘non-elephant animals’” (Cited in Campbell
1989, 218).
167
These last ones are largely left undiscussed in the thesis, bearing in mind that the intuitive component
of some kind is always present in model definition.
168
For more information on SLEUTH see Clarke et al. (1996), Kirtland et al. (1994), Clarke (1997), Candau
(2002). On MOLAND see White & Engelen (1993), White et al. (1995). On DUEM (Dynamic Urban Evolutionary
Model) see Xie (1994), Batty & Xie (2005).
169
Naturally several alternative classifications may also be found in urban studies, but would remain
isolated in this context without sufficient explanation. Due to the general nature of the model concept, not one
classification has succeeded in reaching a consensus or commonly agreed superiority. To give an idea of the
variety of classification, for example, the operational scale (macro, meso, micro), analytical form (static, linear,
chaotic, stochastic), materials involved (iconic, analogue, symbolic), the level of abstraction (experimental, logical,
mathematical/computational, theoretical), and model dynamics (static, quasidynamic, dynamic) can be mentioned.
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[Table 5] Classification of mathematical problems and
their ease of solution by analytical method [Courtesy of
Electronic Associates, Inc. Source: Bartalanffy (1969/2006,
20) after Franks (1967)].

Linear equations
Equation one
type equation

Nonlinear equations

several
equations

trivial

easy

Ordinary
differential

easy

difficult

Partial
differential

difficult

Algebraic

many
one
equations equation

several
equations

many equations

essentially
very difficult very difficult
impossible

impossible

essentially
very difficult
impossible

impossible

impossible

impossible

impossible

essentially
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The reasons for using modelling in science are truly much more numerous than
this. Chadwick follows Apostel (Chadwick 1971/1978, 188) and lists nine general
interests for so doing:
•
•
•
•
•
•
•
•
•

Absence of a theory to explain a set of facts
Presence of a theory but one which is difficult to solve mathematically
Two theories with little seeming contact
A well confirmed, but incomplete theory
New information about established theory
A theory requiring confirmation
A theory which we wish to visualize in order to appreciate
A theory and a set of observations which we hope to reconcile
The need for a theory concerning the inaccessible object

For Chadwick the main interest was the ‘inaccessible object’ mentioned in the
last bullet. In 1978 this was a major concern in justifying the use of models as a
necessary tool for observing the inaccessible future – the main target of planning
practice. It is interesting to realise that modelling practice has matured during these
years to a level such that examples of each of the orientations mentioned can be
found in planning related journals.
For the final discussion backing up the rest of the thesis, it is worth turning the
discussion from classifications to the key question: What makes a good model? Casti
answers this by asserting that the most indispensable feature of a model is that it
captures the essence of its subject and provides convincing answers to the question
we put to it (Casti 1997, 24-25). For him a sine qua non principle170 of modelling is
giving answers to the questions it is designed for. This almost self-evident demand
is surprisingly not always so clear, simply because of the high level of abstraction.
The difficulty of making an epitome of a selected slice of reality causes some
obvious difficulties that can be seen as a demand or as the desired properties of a
good model (Casti 1997, 26-28). According to him, the four ‘fingerprints’ of a model
are that they share characteristics of simplicity, clarity, freedom from bias and
tractability. Casti’s explanation can be written in brief as follows: Since modelling
is based on scientific reasoning, the simplicity can be associated with the principle
commonly known as Ockham’s Razor, which states that an explanation should be
as simple as possible. Therefore, in the modelling world the most compact form
of application that provides convincing answers is favoured. Conversely, additional
170

I.e. necessary condition.
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details added to a model, be these an additional code for a computer program,
a dimension in a system of differential equations, components in a flow chart, or
the number of nodes in a graph, must increase the efficiecy of explanation. Clarity
means that no subjective interpretation, divine inspiration, or private incubation
beyond ordinary skills of modelling language is required to understand the model.
On freedom from bias Casti stresses the equivalence of modelling independent of
human interaction. For example, the force varying as the square of the distance
between interacting bodies means that “it is an inverse-square law, not an inverse
cubic, inverse-quatric, or inverse- π law. It remains an inverse-square law regardless
of the investigator’s political affiliations, the status of his or her bank account, or
religious leanings.” (ibid. 27) This must also mean that different investigators’
observations must eventually be expressible in an equivalent way. Finally, tractability
is needed to keep the application costs (in a broad sense) affordable in the currency
of computation. A lot of modelling work is actually based on distributions like those
Casti mention in his examples. Since we cannot avoid using the concept later on, a
brief note on the nature in distributions is included as Appendix 2.
Models are effectively tools for deriving and processing information for more
advanced knowledge. The nature of this knowledge is by nature simply information
of the model itself and the power of the mechanism cached in it. Once said and
accepted, the faith placed in the modelling result is, in Casti’s words, “inversely
proportional to the amount of garbage that goes in”. Keeping in mind Casti’s notion
of model as a deliberate caricature171 to exaggerate features of the real world (Casti
1997, 31), we realize that all crucial aspects, yet not techniques, of urban modelling
can be found in the interpretation of the Pittsburgh model by Ira S. Lowry in his
ground breaking report “A Model of Metropolis”.
“Analysts build models of real-world systems in order to run tests and experiments
which could otherwise be impossible or inconveniently expensive. To be useful,
the model must replicate those features of the real world which are relevant to the
experiment and abstract from those that are irrelevant or of only minor import.
The wish to experiment clearly bespeaks incomplete knowledge of the real-world
environment; so we cannot know for sure which abstractions are safe and which are not.
The first principle of model-building is internal coherence; beyond that, the choice of
abstractions is guided in part by the experience of others who have worked in the field,
in part by ‘hunch’ (primitive theory), and in part by the sense of analytical style (say, a
preference for mathematical elegance, or massive generalization, or intricate mechanism).
The strategy of model-building is thus less science than art. And since it is quite difficult to
devise a clear-cut test of validity for a complex model, the value of the product is clearly
disputable. So it is fair to tell the reader, not just how the Pittsburgh Model works, but why it
was built that way.” (Lowry 1964, 20)

171
Modellers often explicitly indicate this by calling the modelled entity by terms like slice of reality, toy
world or mathematics based universe/domain of discourse.
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n this section I trace the various process descriptions of urban form to get a grasp
of my extended concept of metapolis. At the heart of these processes are always
different aspects of spatial interaction. In the introduction to his 1977 book How
Cities Work Barrie Needham summarises the literature on the numerous types
of interaction: Interaction between people and facilities – housing, industry and
commercial services; interaction between and within activity systems – shopping,
offices, manufacturing, housing and CBD; interaction between social groups, house
types, and house locations; interaction by means of traffic inputs and outputs and
market demand and supply. All in all, from the outlined picture we can be assured
that city is essentially a system of diverse interactions, all of which are implicitly
spatial.
This multitude of interaction can be made to allow for more comparability by
dividing them in four, enlarging Needham’s classifications (Needham 1977, 98).
Thus spatial interaction can exist in forms of attraction, inclusion, segregation or
exclusion. The first two can be seen as the ‘pulling’, while the latter two are obviously
‘repelling’ forces. They also differ from each other in the sense that attraction and
segregation can be seen as active sympathy-antipathy relations of entities, while in
the case of inclusion and exclusion the quantity of the relation can be seen increased
to infinity and the contacts have merged into elementary features of entities.172 The
discussion in this chapter follows the attraction-segregation line of thought, in which
they can be seen as opposite ends of the same force of interaction.173
In this interaction we may find some fundamental regularity. It is manifested in
the form of a commonly known behavioural model, suggesting that living things
tend to endeavour in a certain economic way, meaning that “(a)n organism will
expend the least average probable rate of work (as estimated by itself)” (Zipf
1949). This is known as a principle of least effort and was originally formulated by
the linguist George Kingsley Zipf in 1949.174 It is also noteworthy that although the
resulting system level outcome of applying this simple principle is easily recognised
from the characteristic power law distribution it results in, the emerging overall
pattern is also a textbook example of distributed decision-making. In fact, it was put
in slightly different words by Tobler in relation to the activities over space and known
as Tobler’s First Law of Geography.175 Least efforts, or more generally minimizing
costs, in any model leads to a centralizing pattern, as will be discussed later on.
Applying laws like Zipf’s and Tobler’s invites criticism due to their generality
and universality of application. Miller discusses Tobler’s law as an empirical law or
compact description of patterns that does not necessarily have to be an immutable
172
Using the logic of Simon mentioned earlier, in case of inclusion-exclusion the inter-connections
become intra-connections.
173
Segregation is therefore quantifiable as a negative attraction.
174
A corresponding idea is found in the following notions: principle of least action (by P. L. Maupertuis),
principle of least time (aka Fermat’s principle) or more spatial wording path of least resistance.
175
See Section 1.2.1. In the same occasion Tobler stated: “The specific model used is thus very parochial,
and ignores most of the world” (Tobler 1970, 236) This is extremely true in the case of object models, where entities
as geometric representations are evident.
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truth (Miller 2004, 284). Avoiding the discussion on the nature of scientific laws,
we can simply agree with Miller’s argumentation that causality is really not a
requirement for scientific law. What we are really after are scientific generalizations
based on empirical observations. For instance, Newton’s law of gravitation discussed
in the following section is a classic example which omits the causality requirement
and is by nature a descriptive law lacking an explanation. If there is some evidence
for the suitability of this empirical law for human interaction, it may be found on the
bases of mathematical statistics and is generally known as the concept of spatial
autocorrelation (Cliff et al. 1975, 145-180).

2.3.1 On gravitation
This generic principle of spatial interaction can also be found in the field of ecology.
This is not entirely obvious regarding the current use of the term as a substitute for
ideologically embellished environmentalism. But as a scientific discipline, ecology
is still best defined as a study of the interaction between living organism and the
environment. In their 1967 book The Theory of Island Biogeography Robert H.
MacArthur and Edward O. Wilson formulated a theory to quantify this interaction
in habitats “broken up by the encroachment of civilization” (MacArthur & Wilson
1967, 4). For planning practice, their contribution was transferred to the notion of
ecological corridor, which is in fact just a wretched shot at trying to guide merchant
ideology with environmentalist ideology. The unbearable logic of delimiting ‘natural’
activities into different land parcels rather than ‘non-natural’ ones simply does not
hold for long. Surprisingly, though much less is said about the profound similarity
of ecological and economic mechanisms, this could be opened up. Juval Portugali
is one of those who has recognised their common origin and coined the term “Sir
Isaac Newton’s city” (Portugali 1999, 27). This jump into a broader perspective helps
in opening up a discussion in a major source of misunderstanding related to gravity
modelling. It is a result of a downright juxtaposition of the entities of interaction
with fixed spatial entities of aggregated and abstract interaction processes. A story
looking back some decades to a history of gravity model explains this clearly.
Gravity models and their direct derivatives are doubtlessly the most common
model type in the field of urban planning. Something about the importance of the
gravity model of spatial interaction is apparent, in that Waldo Tobler counts it among
the five most important useful theoretical models in the field of geography (Tobler
1991).176 Since models of accessibility, as well as the entire question of metapolis we
are dealing with, are closely related to it, it is worth taking a closer look at this model,
which could be described as the mother of mathematic models in geography. But
this is not without criticism, which is usually addressed to its use as an explanation
for social phenomena. Therefore, it is best categorized as a model instead of a
law, even though the latter term has infiltrated into the nomenclature, especially
in the early 20th century. In Mike Batty‘s words, gravitational model “at best is of
176
According to him the four others are, in historical order: the Von Thünen model of agricultural land
use (1826), Weber’s model of industrial location (1909), Walter Christaller’s central place formulation (1935)
and Hägerstrand’s model of the geographical spread of innovation (1968). It is important to understand that the
essence of all these models is the influence over space, described for hardly comparable entities (Tobler 1991).
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wide applicability, and at worst is of trivial nature. And gravitational theory in social
systems is still subject to such fundamental dispute” (Batty 1977, 188). Currently,
some 30 years later, the same division remains.
Besides the fact that the gravity model is mathematically extremely simple, the
other reason for its popularity is the universal base from which it originates. Gravity
models have a formal structure derived from the Newtonian concept of gravitation.
Isaac Newton, on 5th July 1687, published a book titled Philosophiae Naturalis
Principia Mathematica (i.e. mathematical principles of natural philosophy) which
was to become probably the most influential book of science ever written. The
book contains Newton’s three laws of motion, which have formed the foundation
for classical mechanics. The book also contains the law of universal gravitation, and
derives Kepler’s laws for the motion of celestial bodies. A popular formulation of
Newton’s Law of Universal Gravitation goes as follows:
“Every object in the Universe attracts every other object with a force directed along the
line of centres for the two objects that is proportional to the product of their masses and
inversely proportional to the square of the separation between the two objects.”

This can be written in mathematical terms as follows:
Eq. 2.1		

F=

Gmm
i j

r2
in which F is the gravitational force between two objects, mi ,m j are masses
of interacting objects, r is distance between these objects and G is the universal
constant of gravitation. It is commonly known that using Newton’s formula F = miai ,
where the interaction force F is described as a product of mass m and acceleration a
of an object, and combining it with the equation above, we can derive an alternative
formulation for gravity. This acceleration under the force of gravity is commonly
called g, so after combination and substitution of symbols we end up with the
equation:
m
g = G 2j
Eq. 2.2		
r
The above formulation contains an assumption of two significantly different-sized
objects, say, an apple and a planet or a planet and a sun, in which the one object is so
massive that it is considered nearly stationary. Since this is not always the case, we
shall recall for further investigation the original laws of motion defined in Newton’s
Principia Mathematica and find following definitions.
Newton’s 1st law of motion:
“A body remains at rest, or moves in a straight line (at a constant velocity), unless acted upon
by a net outside force.”
Newton’s 2nd law of motion:
“The time rate of change in momentum is proportional to the applied force and takes place
in the direction of the force.”
Newton’s 3rd law of motion:
“For every action, there is an equal and opposite reaction.”
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From these we can conclude the principles of the Newtonian world as described
by Mark C. Taylor (2001, 79-80). According to him, it has five characteristic features
of an intrinsically stable system. It is thus closed, deterministic, reversible, equilibrium
or near that and externally related. Closed systems are those that are not open to
outside influence, and deterministic those whose effects can be accurately predicted
from their causes. By reversible Taylor means that “the laws governing the system
apply to both temporal directions” and thus “time appears to be inconsequential”.
Finally, systems in equilibrium have forces and counterforces that balance each other
and the whole is the sum of its parts, so the external relation means that each part
is an independent entity. Today these restrictions seem obvious reductions of reality
caused by a lack of tools to operate with. A lack of proper formal tools can be felt
from the notion that as late as 1979 Pentti Malaska, by that time a Finnish member
in the Club of Rome, wrote a book titled Open and Fuzzy Systems, that does not
contain any mathematics, but poems instead. The complexity of systems has been
known for some time, but some two decades after Malaska, Casti was only able
to conclude: “At present, complex-system theory still awaits its Pascal and Fermat”,
making reference to two enlightened fellows that eventually created mathematical
formalism for the definite real-world problems we today call probability theory
(Casti 1997, 214).
The static world of Newton does not at first sight seem very interesting, especially
since we have been told that the general interest in science is currently quite different;
the flavour is in the in-between situations, not only in extreme ones (Watts 2003).
Even though we do not yet have all the answers and lack many analytical tools to
operate with, we are definitely moving more and more towards the realm of order
– only the concept of order is redefined. Chaos is known in these days as merely a
special class of order (see, for example, Gleick 1987/1990) and the possibility for
simulation and heuristic modelling and problem solving gives us something to get
a grip on.
However, besides this static perspective on gravitation, there is also an
alternative approach. This is by understanding the system under the gravitation
field created by several interacting particles. Mathematically the interaction of two
gravitating bodies can be described completely in terms of elementary functions.
The first solution for this two-body problem was proposed by Newton 1687 and
for a three-body problem by Henri Poincaré in 1892-99.177 The real problem arises
when we ought to know how badly four or more interacting bodies can behave. A
short discussion on current knowledge of the problem can be found, for example, in
Stewart (1992) and Casti (1994, 1997), and is briefly summarised below. Today it is
known that for a three-body problem four different solutions for stable orbit can be
found. The motion of a system of particles can be described in mathematical terms
by a set of equations which relate the acceleration and position of each particle.
The motion cannot always be predicted for infinite time in the future, since the
system may contain singularities beyond which it cannot be predicted. Paul Painlevé
proved in 1897 that the worst singularity that may exist in a three-body system
177
The two-body problem was completely solved by Swiss mathematician Johann Bernoulli (1710) and
the three-body problem by Finnish astronomer Karl F. Sundman (1906-12)
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is the collision of all three particles. Eleven years later H. von Zeipel proved that
any non-collision singularity must involve particles that spread into infinity in finite
time. In the Newtonian world a particle never reaches an infinite speed, but there
is the possibility that the gravitation of a many-particle system would accelerate the
system itself into that stage of a non-collision singularity. In 1975 it was proved that a
four-particle system may in a particular arrangement escape to infinity, but only if an
infinite number of elastic collisions exist. Still, because of the assumption of elastic
collision, we are quite far from real-world systems.178
The discussion on urban modelling is best started on gravity-based models
relying on these principles laid down by Newton. Several models created in the early
1960s (see, for example, Huff 1964; Lowry 1964; Lakshmanan & Hansen 1965; Harris
1964) are direct derivatives of the gravitation equation. What is probably not so
obvious is that the same assumptions still play a major role in current large-scale,
macro-level urban modelling, even though the implementations have become
much more sophisticated in their details. Gravitation principles are often accused
of simplicity, but the major change in the course of the evolution of modelling is
in the terminology only. In the next section I will consider the development of the
gravity model and argue that no matter whether potential, probit, logit, entropy or
multinomial logit and the family of Spatial Interaction Models (SIMs) are taken into
consideration, we run into the fallacy of the static world. In terms of gravitation,
models have followed the idea of gravitation loosely and thus relied on too generally
defined gravitation that omits the 3rd law of motion.
In urban modelling the attraction is based on the variously defined central
location or quantity of properties on which attraction is based. By aggregating these
properties it is possible to come up with a solution that can be termed a gravitating
mass. In physical reality the mass is similarly a collection of particles, but with the
difference that the forces holding particles together – i.e. electromagnetism, weak
and strong nuclear forces – can be seen as much more unchanging than can be
said about attractions in the urban context. Gravity, or more generally speaking the
attracting force in an urban context, is not caused by building stock but the function
it hosts, albeit the existing structures have in the course of history proven to be
quite stable and long-lasting, which makes the observation of catastrophic changes
in actual cities very difficult (Fujita & Ogawa 1982, 194). Yet that does not make
them static either, and only the first steps are taken to understand how centres of
attraction are formed and evolved.
178
The reason for addressing this issue in detail is twofold. First of all, it is necessary to point out our
current capabilities for finding an analytic solution for even the most trivial complex systems. The second reason
is to realize the complexity of gravitating bodies, especially because a large quantity of urban models is based on
these Newtonian principles. For hundreds of years we believed in a stability of gravitation and celestial mechanics
and only in the 20th century have we become aware that this is not necessary true. Finally, in 1988, Zhihong Xia of
the Georgia Institute of Technology proved in his dissertation that a system consisting of five or more particles may
under special spatial arrangement disappear into infinity within a finite time, which finally answers the fundamental
problem posed originally by Poincaré and Painlevé (Stewart 1992). This might not have been an unwelcome finding
for astronomers, but it definitely should be for those planners or urban modellers relying heavily on gravitational
modelling principles. Since we do not want to jump to conclusions based on gravitation analogy only, some further
examination is required. Needless to state, the interacting components on the urban scale have a good chance of
behaving very badly
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The following sections provide necessary information for the further stages of the
development of urban models. By understanding urban development as a situation
in which simultaneous activities attract people and people attract activities we come
close to the origin of current urban change. This means that as planners we finally
have a hope to move in modelling from tasteless optimization tasks of an ideal world
to the more tasty real-worlds made of ‘flesh and blood’. What it does not mean is
that we would have to give up our daydreams in favour of nightmares, only that we
do not fall into false pre-Freudian expectations of them, at least not unconsciously.

2.3.2 Gravitation model
The “the art of gravity model” usually refers to the steps necessary to make the
system of equations comparable with urban development.179 Thousands of papers
and hundreds of books have been written on issues on gravity modelling during
the last 70 years. Thus it is fair to say that an attempt at writing a comprehensive
history of urban modelling would be as reckless as the history of modelling itself is
an oversimplification of reality. In the course of evolution of these models, there are
some general outlines and reformulation that let us peer into this realm of brevity
and optimism. Thus many interesting issues that really make urban modelling more
of an art than a science, for example the calibration of models for operational use,
are left untouched due to the irrelevancy of the subject to the present dissertation.180
In the following chapters I concentrate on formal topics of the structure and in-built
properties of gravity models, which make the whole branch of scientific predictions
themselves quite remarkable, juggling between matters of belief and those of facts.

From gravitation to potential and spatial interaction
modelling
In his historical review of the gravity and potential concepts, Carrothers (Carrothers
1956) outlined the early usage of Newtonian interaction principles in urban studies.
The earliest formulation can be seen as implementations of Newton’s equations, the
first of which was done by H.C. Carey in his 1858 book Principles of Social Science.
According to Carrothers, it seems that Carey’s postulation was neglected until it
reappeared in partial form thirty years later. The first empirical evidence for gravity
modelling in the urban context can be traced back to E.G. Ravenstein (1885, 1889)
who used gravitational concepts in the context of migration movement between large
cities in Europe and U.S.A. Ravenstein’s original postulation (1885, 198) suggested
that “the outcome of this movement of migration, limited in range, but universal
throughout the country” would be referential to what is known from the interaction
of celestial bodies. Centres of commerce and industry absorb population following
the mode by which “migrants enumerated in a certain centre of absorption will
179
A recent discussion of essentially art-like activity of modelling is to be found in Mark Smith’s (1998)
text “Painting by Numbers - Mathematical models of urban systems”.
180
Calibration, i.e. the process of defining the dimension of a model, should be differentiated from the
validation process. Those readers interested in issues of calibration, the sin and success of operational modelling,
are referred to Broadbent (1968), Batty & Mackie (1972), or for extensive treatment Batty (1976).
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consequently grow less with the distance proportionately to the native population
that furnishes them.” And also: “The process of dispersion is the inverse to that of
absorption, and exhibits similar features.” (ibid. 199) This relationship can be written
in mathematical terms:
Eq. 2.3 		

Mij =

f ( Ai )
,
Dij

in which Mij is a migration from source j to the centre of absorption i, f ( Ai ) an
unknown function of absorption centre and Dij distance between the source and
the centre. The tradition of straight derivatives of Newtonian principles continued
again throughout the 1920s and 1930s when the theory was adopted seemingly
independently by E.C. Young in the field of migration studies, W.J. Reilly in the
attraction of retail trade, and H.S. Bossard in studies on marriage selection.181
The second wave of gravity model implementations was during the 1940s and
1950s, when it served as a social explanation. By that time it became clear that a
gravity model was not a single model, but in fact a general principle that led to a
nearly endless amount of applications for describing the social interaction. This led
to a major shift from the analogy based gravity concept of ‘democraphic gravitation’
towards a more abstract world of potential models. The use of these models was
extremely broad, ranging from university student attraction (Stewart 1941) or return
of cheques to New York to telephone calls and pedestrian accidents in Brooklyn
(Stewart 1950).
John Quincy Stewart seems to have been among the first to suggest an alternative
approach to gravity, taking a potential field of gravitation as the starting point. In a
series of articles Stewart (1941, 1942, 1947, 1948, 1952) formulated gravitational
principles in the form of energy, and came to the rigorous definition of potential
energy by summing up Newton’s equation over location i, resulting in:
Eq. 2.4 		

Ei = G∑
j

pj
dij

In his formulation, Stewart related the term potential as an analogy of surface
density of electrical charge – electrostatic potential – to his observations on the
geographical distribution of undergraduates.182 A simultaneous and independent
formulation can be found in George Kingsley Zipf working in his hypothesis of
minimum equation (1941, 1942, 1946, 1949). Other contributors worth mentioning
are Samuel A. Stouffer, in his concept of intervening opportunities (1940);183
181
See Carrothers (1956) for detailed references.
182
The notion of coefficient of influence was used by Stewart to describe properly the character of an
important measurement ratio, population divided by distance, involved in important social, economic and political
problems (Stewart 1942, 66).
183
Stouffer emphatically denies the interdependency of potential and geographical in his definition of
intervening opportunities. According to him, it can be defined as “the number of persons going a given distance
is directly proportional to the number of opportunities at that distance and inversely proportional to intervening
opportunities” (Stouffer 1940).
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and Stuart C. Dodd in his index of societal tension (1942).184 A short outline of
development phases in these two decades and its reformulation on the bases of
probability can be found in Walter Isard’s influential textbook Methods of Regional
Analysis (Isard 1960, 493-512).
The wide usage of the potential principle led to a nearly endless debate and
indefinite conclusions on the correct form of distance distribution ratio and the form
of potential. Anderson (1955) suggested that both population and distance be raised
to a constant power other than unity and distance possibly to the variable power.
Carrothers comes to the same conclusion based on the empirical evidence of Price
(1948), Iklé (1954) and Carroll (1955), and pushes the generalisation even further
by suggesting that the variable of distance exponent is inversely related to the size
of the population or the distance itself (Carrothers 1956, 97).185 Carrothers “also
suggested that populations of different sizes should be raised to variable powers to
reflect the effects of agglomeration economies” (Mason 1975).
The development in these decades thus went along two main lines. First was the
work done to liberate a simple power function into more flexible form related to
proposed cost (in a broad sense). The second development path went on exploring
the ‘mass’ term by substituting it with any imaginable subdivisions and derivatives
of population, for example, labour force, relative wage or unemployment ratio. As a
conclusion, Isard describes the most general form covering all aspects discussed in a
formula of interacting force, Iij , as:
Eq. 2.5 		

Iij = G

wi Piα ⋅ w j Pj β
dij χ

,

where G is a scaling constant, wi and w j weights and α , β and χ
parameters (Isard 1950, 510). It can subsequently be rearranged into two functions
of locational potential in generic form:
n

n

Eq. 2.6 		

V = G∑

i

j=1

w j Pj β
dij

χ

∑I
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and

V=

i

j=1

wi Pi

α

the first of which is a generalized form of the Stewart-Zipf hypotheses.186
These findings of gravitational/potential regularities in social sciences were to
change permanently. This can already be sensed from the emotional tagline of
Stewart’s 1947 article which betokens: “Water must be pumped to flow uphill,
and natural tendencies in human relations cannot be combated and controlled by
singing to them. The architect must accept and understand the law of gravity and
the limitations of materials. The city or national planner likewise must adapt his
184
By definition a societal tension for Dodd is directly proportional to the intensity of desire and inversely
proportional to its overall availability. Thus E=I/V (See: Bassett 1946).
185
I.e. in denominator, dij χ , of potential equation χ = f 1 p j or χ = f 1 dij
186
A discussion on a substantial cross-reference of Zipf and Stewart as well as commentary on the
differences between their approaches is found in Batty & March (1976, 194).
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studies to natural principles.” (Stewart 1947, 485)
By the 1960s it was obvious that new planning applications must be found and
the operational form of a model was independently developed by at least three
different authors: Huff (1964), Lakshmanan and Hansen (1965), and Harris (1964).
Economic theory had run parallel with the development of the potential model. A
corresponding formulation in terms of market potential can be found in Harris (1954).
The ancestors in this field are writers such as Fetter (1924) and Hotelling (1929).
During the first half of the 1960s Huff formulated a new type of model to overcome
the overlapping of retailing areas created via Converce’s breaking point formula.187
Huff’s model was fundamentally a gravity model assisted with a competition factor
representing the demand surface of competition from multiple attraction points
(Huff 1962, 1963, 1964). Hence the model formulated a theoretical abstraction of
consumer behaviour in the form of a probability surface. In mathematical terms:

Eq. 2.7		

Sj
Tλ
Pij = n i j
Sj
∑
λ
j=1 Ti j

in which Pij is the probability of a consumer travelling from the point of origin
i to a particular shopping centre j, S j the size of the attraction centre and Tij
the travel time between origin and destination. The novelty of the formulation
was in combining three relaxations of ‘gravitationalist’ ideology188 into a unified
comprehensive theory. Those three, none of which is strictly speaking unique, are:
competition using a Stewart type potential model, the treatment of distance as time
based metrics, and the usage of flexible distance-decay parameters.189 In Huff’s later
work the exponent parameters are in central focus. According to him, a theoretically
sound explanation for this is that “the respective magnitudes of these estimates
simply reflect the comparative amounts of time that consumers are willing to expend
for each of these (two) product classes. The larger the estimated value of λ , the
smaller will be the time expenditure. Similarly, the larger the estimated value of λ ,
the more restrictive will be the scope of the trading area.” (Huff 1964, 37)
Parallel to Huff’s work,190 we may recall a significant early land use model that
187
See Section 2.3.3 for more detail
188
Huff refers to this gravitation background with some aversion when talking about “retail
gravitationalists” (Huff 1964, 35).
189
The competition factor was earlier also suggested by Stouffer (1960; see also Hua & Porell 1979) – and
not only earlier mentioned traffic planners – but Stewart also tested with distances raised to the power n. Allan M.
Voorhees in his paper “A General Theory of Movement” used extensively both time-based metrics (Voorhees 1955,
50) as well as equivalent trip purpose-based distance factor parameters (ibid. 54).
190
From the footnotes of this 1965 paper we realise that by then Lakshmanan and Hansen already knew
about Huff’s parallel work, but it is unknown whether their Baltimore study had any direct influence on it. To avoid
somewhat pointless who-did-what-first type discussion, suffice to say from the perspective of the present study
that they had unquestionable support from earlier work done in gravitation modelling. Six years earlier Hansen had
come up with the first significant formulation of the concept of accessibility, on which I will concentrate in Section
2.5. Hansen and Lakshmanan were by the time of this modelling task associates of Allan M. Voorhees & Associates.
Voorhees, on the other hand, was one of the early pioneers of gravity modelling in traffic planning (Voorhees 1955,
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explicitly defines consumer expenditures, the supply of competing shopping
facilities, and the spatial link between them. In 1965 T.R. Lakshmanan and Walter
G. Hansen introduced their retail market potential model,191 which later became
significant in the history of modelling in urban planning. It was also the one of
the first models used for evaluating not only traffic, but also land and highway
policies. The main purpose of the model was to provide advanced information on
the structure of retailing centres in continuous markets in the Baltimore region
using trend extrapolations of current policies and growth rate. The development of
Laksmanan and Hansen’s model took place at approximately the same time as Huff
introduced his own model. In the following formalization the striking similarity to
Huff’s work becomes obvious:

Eq. 2.8		

Fj
dijα
Sij = C i n
Fk
∑
α
k=1 dik

in which Sij is consumer retail expenditures of the population in zone i, spent at
zone j. Fj is the size of retail activity in zone j and the dij driving time between zones
i and j. Our interest is in constraint factor C i , which is the only difference between
these two equations.
The addition of the extra variable introduced by Laksmanan and Hansen, does
not at first sight seem a devastating innovation. The definition of C i thus differs from
earlier gravity and potential models and serves as a provision of trip end estimation,
and in fact it set the development of urban models on a whole new level. Hence,
when consumer retail expenditures are supplied externally they should not exceed
the total consumer retail expenditures and thus satisfy
Eq. 2.9		

∑S

ij

= Ci

j

This step of balancing the model is significant in two ways: first, the model was
set into the operational level by bootstrapping the model into itself and, second,
in a theoretical sense it can also be seen as an extreme further restructuration of
the gravity model. The downside of the operationalization, though, was that the
results that the model was capable of producing were tied to a predefined external
condition and the modelling problem was to set this assumption in a state of
equilibrium. The positive side of it was that in the process of generalization quite
a few assumptions caused by historical reference to Newton’s original formulation
have been abandoned when found irrelevant.
These two selected samples were the last nails in the coffin of analogy-based
Voorhees et al. 1955).
191
According to C.D. Harris, the term market potential was originally suggested by Colin Clark, but it is in
principle equivalent to population potential proposed by J.Q. Stewart (Harris 1954, 321).
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gravity models that were later to be called share or one-way distribution models.
The main advantage of these additions was that their formulation made it possible
to handle the network of interconnections as a combined system of general overall
characteristics. In actual fact, it controlled the annoying feature of gravity model:
flows are in exponential relation to the loads. In a modelling situation considerably
different from that observed, the result is highly unrealistic: doubling the population
leads to the quadrupling of the flows (de Vries et al. 2001, 236). For example, spillover
or other secondary effects based on conjoint relations are likewise not taken into
account in gravitation-based models for another 20 years. Thus the modelling of
the 1960s follows the tradition of justifying the equations used on the basis of
observed social or physical phenomena, with no major theoretical enhancement in
the background.
All in all, at this development phase there are numerous uncertainties mostly
related to disaggregation and stratification. A lot of attention was paid to attaching
weighting exponents which precisely determine the level of interaction between
and among areas.
Huff and Batsell have listed the sources of these uncertainties, which all arise
from the difficulty of generalizing disaggregate properties into rough zonal entities.
According to them, the problem areas include consumer preferences on trip and
product types, choice alternatives and utility determinants, and finally assumed
aggregated properties of group homogenity and spatial equilibrium (Huff & Batsell
1975). The variations in the observed data lead to experimentally determined
parameter values that stress the importance of the calibration phase over the
universality of the modelling frame and the researchers were mainly challenged with
the fitness of the representation between observation and model (Mason 1975).

SIM cities
Probably the most remarkable generalization of the gravity model tradition is the
so-called family of spatial interaction models (SIM) by Alan G. Wilson (1970, 1971). By
taking a closer look at Wilson’s formulation, we realize that while the mathematical
formulation can be called more general, due to the ever greater explanatory
capability of a single equation, the modelling procedure is quite the opposite, and in
fact moves towards ever greater specialization. The reason for movement towards
more detailed modelling was to enhance the quality of prediction. This development
is understandable, because by the late 1960s large-scale urban modelling had been
blamed for several drawbacks and inconsistencies with on-going development
(Batty 1979). The steps taken by Wilson actually led to a whole family of models that
were able to cope with multiple urban phenomena simultaneously.
To make the following explanation of Wilson’s work understandable, I start by
rewriting Laksmanan and Hansen’s equation for convenience as follows:
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Eq. 2.10		

Sij = C i Ai Fj f(cij )

in which

Eq. 2.11		



Ai =  ∑ Fj f(cij ) 
 j


Eq. 2.12		

f(cij ) = dij

-1

i.e. the competing factor and

i.e. the popular inverse power function of distance

everything else being equal to the original Laksmanan and Hansen formulation
presented in Eq. 2.8. It is obvious that it can be used for locating activities within
an urban region based on the given population distribution and thus the results
for activity allocation are related to the successful of the preceding population
allocation. In modelling terms, population can be seen as an exogenous condition
for the entire modelling process. Adapting the terminology of Wilson, this equation
may be called a production-constrained model.
This also raises the question of different kinds of modelling approaches. If
there is a possibility for allocating activities according to population, there is most
likely a possibility for an inverse allocation process. Also, there may be a possibility
for defining both externally and independently. This is exactly what the Spatial
Interaction Model family provides us. The following equations are adapted from
Wilson (1970, 1971) with minor changes anticipating the notation of Alonso’s
further generalization (Alonso 1978). The previously mentioned model type is called
an attraction-constrained model and can be seen as a special case of the later more
general production-attraction-model type. The general form of Wilson’s SIM family
can be written as:
Eq. 2.13		

Tij = Ai BjC i D j f(cij )

in which Ai and Bj are the competing terms, C i and D j the balancing terms and
f(cij ) the impedance function of interaction. Put formally:
-1

Eq. 2.14		



Ai =  ∑ Bj D j f(cij ) 
j



Eq. 2.15		



Bj =  ∑ Ai C i f(cij ) 
 i


Eq. 2.16		

C i = ∑ Tij
j

Eq. 2.17		

D j = ∑ Tij
i

-1
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in which Tij stands for total flows originating in zone i (in the case of C i ) and
terminating zone j (in case of D j ). The f term in turn is some decreasing function
n -1
of generalized travel cost, for example the familiar f(cij ) = ( dij ) . The gravitation
model character then comes clear if compared to Newton’s original equation of
gravitation (Eq. 2.1) and written slightly modified as:
Eq. 2.18		  Tij

= Gwi w j f(cij )

which shows that a gravitation constant G is only replaced with a more complex
product Ai Bj setting constraints on model behaviour. By calling those according to
the balancing constraint factors C, for competition, crowding or congestion of the
origin, and D, for demand or draw of the destination, the meaning of these pairs
become self-explanatory (Alonso 1978).
This new formulation describes the production-attraction type model that may
be called a double-constrained case, where definitions of C i and D j as known total
constraints hold. It is also easy to show that if either one of these total flow definitions
fails to hold, the model is reduced to the form of either one single-constrained
forms. Thus, by setting attracting forces at unity, the above set of equations reduces
to the form:
Eq. 2.19		

Tij = Ai C i w j f(cij )

which is strictly equivalent to the equation by the Laksmanan and Hansen (Eq.
2.8) type production constrained (alias push model). In the case of economic base
type attraction constraint (alias pull model) we write:
Eq. 2.20		

Tij = Bj D jwi f(cij )

Finally, in the case when neither C i nor D j holds, the equations contracts into
the unconstrained form:
Eq. 2.21		

Tij = Gwi w j f(cij )

which resembles the old Reilly’s Law formulation of gravitation (Eq. 2.31 after
some rearrangements) with only minor differences in relaxation of the distance
decay function.192
This SIM family thus consists of pair-wise variables that can be grouped according
to their subscripts. By regrouping terms we realize that Ai is in relation to its
balancing factor C i and Bj likewise to balancing factor D j . From this definition it
is easy to realize the nature of SIMs primarily as a powerful tool for balancing flows
192

For a more detailed explanation on derivation see Wilson (1970) and (1971).

120 | 121
between multiple locations193 that interact following instructions given by function
f(cij ) . By now it should already be clear that no matter how clever our model
formulation is, there are always limits for its use and predicting capability. In the case
of SIMs, these limits can be tracked into the impedance or distance-decay functions
and exogenously defined variables which define the boundaries for modelling. The
properties of these functions will be discussed in more detail in Chapter 3. There are
also a couple of additional features that are not so obvious, but should be discussed
in detail since they have an impact on the outcome of the modelling procedure.
From the discussion above we may conclude that the most general form of all
SIM and gravity based models may be written formally in an extremely condensed
form as follows:
n

Eq. 2.22		

TGEN = ∏ C i Bi f(c ALL )
i=1

in which
Eq. 2.23		

n

Bi =



∑  ∑T

j=1, j¹ i



GEN

j




-1

 n   n


Eq. 2.24		
C i =  ∑  ∑   ∏ C j Bj  f(cALL )   


 j=1, j¹ i  j   j=1, j¹ i




It is easy to show that we get a double constrained model if n=2 and Wilson’s
multiple interconnection model (mentioned in footnote 192) if n=3. On the other
hand, this way of chained interactions is not the most forceful direction that the
development of generalizing SIMs faced.

Some sort of final, nearly pathological phase of development of SIMs can be
found in Alonso’s theory of movements (ATM)194 (Alonso 1973, 1974, 1978). The
additional equations to the SIM structure proposed by him are the two parameters
193
For this kind of modelling even further generalizations are possible, as Wilson (1971) has shown in an
example of multi-stage interaction between region i, harbour j and another region k. If B(1)i is the total exportable
product of i, B(2)j capacity of j, and B(3)k the total imports of k, the SIM assumes the general form of:

Tijk = C(1)i C(2)jC(3)k B(1)i B(2)j B(3)k f(cijk )

in which the factors are only slightly more complicated being:

B(2)j = ∑∑ Tijk

B(1)i = ∑∑ Tijk ,
j
k

i

-1

k

,

B(3)k = ∑∑ Tijk
i

j

and

-1

-1






C(1)i =  ∑∑ C(2)jC(3)k B(2)j B(3)k f(cijk )  , C(2)j =  ∑∑ C(1)i C(3)k B(1)i B(3)k f(cijk )  , C(3)k =  ∑∑ C(1)i C(2)j B(1)i B(2)j f(cijk ) 
 j k

 i k

 i j


Although a slightly higher level of notational complexity in the above equation, no additional features for the
original SIM equation (Eq. 2.13) are in fact introduced.
194
Also known as ‘Systemic model’, ‘Extended gravity model’, or ‘General model of movement’.
Essentially the same model was developed independently by Bikker and De Vos during the period 1980-1992 under
the name ‘Three component model’ (for details see de Vries et al. 2001).
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on elasticities. The ATM description consists in total of five equations. The suitability
of notation depends on whether they are used for estimation, solving the model,
or to clarify the structure (de Vries et al. 2001, 241). Writing the set of formulas in a
slightly rearranged form195 than in the Alonso’s original presentation, it is easy to see
the resemblance with Wilson’s earlier contribution.
Eq. 2.25		

Tij = Aiα -1Bj β -1C i D j f(cij )

in which α and β are the novel elasticity variables, Ai and Bj are the systemic
variables defined as:

Ai = ∑ D j Bj β -1 f(cij )

Eq. 2.26		

j

Eq. 2.27		

Bj = ∑ C i Ai a -1 f(cij )
i

and balancing factors of C i representing propulsiveness of origin i and D j for
attractiveness of destination j. Thus:
Eq. 2.28		

C i = ∑ Tij ⋅ Ai −α
j

Eq. 2.29		

D j = ∑ Tij ⋅ Bj − β
i

From the above equations it is easy to see that combinations of parameters lead
to Wilson’s family in following way:

α = 0 and
α = 0 and
α = 1 and
α = 1 and

β =0
β = 1 		
β =0
β = 1 		

=> doubly constrained model
=> production constrained model
=> attraction constrained model
=> unconstrained model

In the discussions that followed the first years of the model’s presentation, ATM
was mainly seen as an alternative formulation of the SIM family (Wilson 1980).
Hua noticed that much of the generality is a result of the loose definition of model
factors, and interpretation thus depends on whether they represent exogenous196
attribute variables or constants (Hua 1980). In his reply to Wilson, Alonso himself
thought his contribution mainly theoretical and opens up an explicit discussion
of vague ‘pushing’ and ‘pulling’ systemic variables (Alonso 1980); or as he later
expressed it: “it addresses the commonalities and differences of underlying diverse
195
196
model.

Adapted from Fotheringham & Dignan (1984, 620) and Anselin (1982).
I.e. it is explained outside the model. Endogenous variables, in turn, are the ones explained within the
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models of transition, and may suggest some further directions for the development
of such models.” (Alonso 1986 cit. Hua 1999)
Elasticity parameters would easily have remained of mere theoretical interest or
support only attempts to justify the chosen model-based reasoning. But resulting
quasi-constrained models with parameters defined with elasticities 0 < α < 1 and
0 < β < 1 proved more fruitful than that. Fotheringhan and Dignan, for example,
reinterpreted the elasticity as an indicator of the accuracy of inflows and outflows
(Fotheringham & Dignan 1984), and reinforced ATM’s beneficial approach. But the
generalisation also had its drawbacks.
For the modelling process this caused some additional problems. The result of
this ultimate generalization by Alonso is that due to the high level of abstraction
the connection of system variables to the external development is unknown,
the calibration of the model proved difficult, and there were also doubts as to
whether it is even possible (Tabuchi 1984, Nijkamp & Poot 1986). In the exploratory
period of the early 1980s attempts to derive elasticities of ATM empirically led to
a multitude of estimation types and explanatory variables and caused the same
type of dissolution as the potential modelling 30 years earlier (Tabuchi 1984, de
Vries et al. 2001). The additional difficulty was that elastisities did not necessarily
remain constant over time and region but sometimes evolved non-monotonously.
This instability or irregularity is in fact not a doubt against ATM but instead a harsh
criticism of the usage of the more simple gravity model tradition, since these are
potentially intraregional properties hidden by chosen spatial division.
The backload from history has created a rough division of different usages of
constrained models: geographers use single-constrained push-models, economists
in turn pull-models. Traffic planners get along with doubly constrained push-pullmodels. Alonso’s approach differs fundamentally from this SIM tradition since the
flow through to balancing factors allows constraints not to be fixed but provides
potential for growth in the system modelled. This is very different from the inelastic
SIMs model. And finally, it is not enough that not only all spatial interaction models
share the same homomorphism, as Hua and Porell (1979) have pointed out;
Alonso, too, realised in 1986 that statistical log-linear models do so (Hua 1999, 382)
and Nijkamp and Poot have also stressed the close relationship to utility-based
transportation modes due to the close formal relationship between multinominal
logit and generalized gravity models (Nijkamp & Poot 1986, 373). But the heavy
label of ATM as a systemic model, or then as a ‘model of models’, easily gives an
erroneous impression of its practicality. As a systemic model it is not only useful to
validate particular chosen models (Hua 1980), but can also be used to achieve more
realism concerning the empirical implications, particularly regarding the substitution
effects, than any previous SIM formulation (Hua 1999, 367).
A model with such qualities would at first glance seem a most desirable one,
but in fact this is hardly the case. Where then are the shortcomings? Despite
these generalisations and obvious achievements, some of the key problems have
remained. The most lamentable of these is the absence of dynamics (Anselin & Isard
1979, 58-59) and buit-in assumptions. According to Nijkamp and Poot, there are at
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least three different restrictions from which this can be apprehended. The first is
the closed system formulation, in which external forces are datum. The second is
the lack of a feedback loop from interaction to the region itself. The third pertains
to a generated market clearance, which is left unexplicated (Nijkamp & Poot 1986,
369). But these defects are common to nearly all interaction models, and in fact
several more widely used models have many more severe flaws, so it really does not
explain the unpopulatity of ATM. Hua has a beautiful explanation for this tragedy.
He claims that “this is not due to the exhaustion of possible development of the
theory but rather to the inconclusive nature of those studies and their linkages to
the theory. The mystery of the theory remains as was, and that has retarded the
needed progress.” (Hua 1999) A side effect of this is that AMT type models are not
available in easily distributable packages, so the level of required knowledge for
implementation is already quite high.
We drop the discussion here with a short conclusion on the qualities and
characteristics of gravitation originating models.197 There is also a more recent
development branch of dynamic forms of spatial interaction modelling, but it does
not bring any more details into our discussion on the spatiality in urban models.198
It is also noteworthy that very generic formulations of models of spatial interaction
actually cover (or could be extended to cover) a wide range of other equilibriumbased modelling schemes. Examples of these include various supply-demand type
models from economists, and these therefore have applications in such varying
topics as modelling the conditions in bureaucratic and non-profit organizations
(Niskanen 1971, Chapter 8) and the land use module of MEPLAN package (Echenique
et al. 1990, 311).199
This rich collection of urban modelling examples is chosen to state the importance
of spatial extent in urban modelling traditions. It is important to stress that it
is not so much the functional form of SIMs that makes a difference for planning
applications. In fact, a currently commonly accepted belief, as noted briefly in our
earlier discussion on systemic preliminaries, is that the equilibrium assumption of
these early models is the vaguest part, if we think of applications such as those used
for predicting future states of urban agglomeration.
Technically speaking, spatial interaction in SIM models can be divided in two,
just as with early gravitation models. These are the interacting bodies and the
forces of interaction: entitation and quantification. These are also the very same
components that are involved in all general concepts of accessibility. In the course
of history, it is due to practical conventions that the bodies and forces have been
described as explained in the above presentation. The exogenous assumptions are
clearly an inbuilt feature of an interaction model, and thus they should presumably
be addressed more as problems of the ethics of modelling explanation than as
problems of modelling itself.
From the practical and operational perspective of modelling, the most important
197
198
1989).
199

For further discussion on ATM see, for example: de Vries et al. (2001) and Hua (1999).
For more detail see, for example: Nijkamp & Poot (1986), Nijkamp & Reggiani (1986, 1987, 1988,
MEPLAN: well known land use – transportation software by Marcial Echenique & Partners Ltd.
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factors are the assumptions concerning spatial interaction. Today we no longer
believe that they depict the actual urban dynamics in their very condensed form,
but more properly view them as laboratories for otherwise unachievable social
dynamics and clustering. SIMs depict centrality, the key phenomenon behind
these dynamics, as a structure, which has recently been understood to be more
and more complex and intertwined. Even in this most generic form of modelling,
understanding spatial interaction provides an extremely useful starting point for
various further development paths. The one we follow is the profound fact that the
logic of interaction of spatial entities can also be looped back to produce a spatial
outcome of centrality and therefore enable an adequate and efficient ontological
transformation between verbal, mathematical and graphic representations.

2.3.3 Spatial extent of a gravity model
It is a commonly recognized fact among urban theorists that the spatial extent
includes a particular logic of its own. For example, August Lösch on the spatial
arrangement of large cities noted that, strictly speaking, they take the form of a
cogwheel and not that of a circle (Lösch 1940/1967, 438), and reading between the
lines200 von Thünen also agreed on the inevitable determinance of the morphology of
location (von Thünen 1826/1966, 171). Among classic texts these characteristics are
usually considered disturbances or noise for the theory of point-like centrality, but it
is without question that these lines contain the seed of a more recent discussion on
urban morphology, allometry and fractality.
The problem of mapping centre points and their catchment areas proves to be
non-trivial when we try to define centrality patterns on a more general level. We
may thus try to exemplify the spatiality of interaction with the concept of dominance
region – the area of immediate surroundings that can be considered to be under
the influence of a particular centre more than some other. A dominance region can
be thought of as consisting of points that, when lying within it, are located closer to
the generator point of the region than any other potential generator. In a discrete
set of points, a pair of points thus defines a bisector that divides the space into two
half planes of dominance. In the context of multiple points, a spatial tessellation
is created where the volumetric entities become representations of the set of
generator points.
The more detailed explanation goes as follows. To move from specific locations
into their immediate neighbourhood, where one could say that the dominance of
influence of a point exerted of the others, competition or comparison is required.
Let p and q denote two distinct sites on plane ℜ2 . The dominance of p over q is then
defined as a subset of the plane, where each site x is at least as close to p as to q.
Therefore we can write formally:
Eq. 2.30		

{

}

dom(p,q) = x ∈ℜ2 δ ( x,p ) ≤ δ ( x,q )

200
In the discussion on differences between an isolated state and reality, von Thünen states: “There is no
large town that doesn’t lie on a navigable river or canal.”(von Thünen 1826/1966, 171) Thus the urban form realised
takes the form of the second half of von Thünen’s diagram under modified conditions (ibid. 216).
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Naturally in such a general frame there are no restrictions for more ‘qualitative’
reasoning that can be thought for the bases of spatial tessellation. In the urban
growth process, to separate entities, those of houses or activities and those of land
parcels are most often involved. Without too much of a relaxation, one can see that,
for example, retail location must contain a dominance over competing location, and
even to successfully implement any building activity a particular dominance over
land parcel must exist. The dominance thus empowers the concept of centrality,
but at the same time is bounded by generating entitation. Therefore the previous
general description of the Voronoi diagram is easy to see as a rough model of any
spatial tessellation of dominating centres and their peripheral areas of influence
regardless of scale. Therefore it is a matter of imagination to turn these observed,
assumed or desired central properties of dominance into a measurable function
δ ( x,p ) .
Not surprisingly for the logical reasoning and mathematical equations above,
which consist solely of abstract symbols, isomorphic geometrical invariants can be
found. Geographical aggregates based on a graph theoretical foundation and, more
specifically, spatial tessellations are prime examples of these. In their most simple
form, spatial tessellations are recognized, for example, in different tiling patterns,
but more a general description covering them all is found in the theory of Voronoi
diagrams. And this is of utmost importance: Voronoi diagrams201 serve as a primary
linkage between spatial entitation and the modelling of spatial interaction.
Hence we are not interested only in mathematical abstractions, but instead try
to introduce a certain history of gravitation theory implementations. The aim of the
following discussion is to show that the theory of gravitation is not only useful in
analysing the magnitude of spatial interaction, but also a primary method in the
creation of spatial aggregates: area-based entities and their tessellations. Therefore
gravitation based models provide a generative function which allows us to estimate
the false impression of regions as homogenous entities and sense the dynamic and
explain the emergent process of their origin.
*****
In 1931 William J. Reilly derived a gravitation-based law of retailing, the
eponym for which he has since become. Reilly’s law is the most remarkable early
development of Newton’s gravitation formula in the field of urban studies. If the
SIM tradition can be seen as an implication of the world view of interacting forces,
Reilly’s contribution was to bring back into the discussion the Galilean predilection
for geometry-based solutions, which has since been a minor parallel track within
the outbreak of bravehearted interaction modelling. The original formulation of his
states: “Two cities attract trade from an intermediate town in the vicinity of the
201
Due to the strong resemblance of natural phenomena, the origin of the diagram is most likely of
considerable age, and was published at least by Descartes in 1644. The first comprehensive presentations were
from the mid-19th century in independent works by the German mathematician P.G.L. Dirichlet and the Russian
mathematician G.F. Voronoy. This polyhedral tessellation was named after them as Dirichlet domain (domaine
de Dirichlet, 1929) or Voronoi region (Voronoïschen Bereich, 1932), by the Russian number theorist B.N. Delone
(Delauney), who is best known to geographers as the eponym for the dual triangulation pattern for Dirichlet/
Voronoi tessellation (Okabe et al. 2000, 6-12).
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breaking point, approximately in the direct proportion to the population of the two
cities, and in inverse proportion to the squares of distances to the intermediate
towns.” (Reilly 1931, 9) This can be written formally:
2

pik Pi  d jk 
=  
p jk Pj  dik 
where Pi and Pj are populations of centres i and j, while p’s and and d’s are

Eq. 2.31		

respectively proportions of trade and distances of these centres in relation to some
point k. The equation commonly contains two unknown distance variables, but
turns out to be easily solvable in the case of breaking points on the bisector of trade
areas when dij ≡ dik + d jk . This rearrangement of Reilly’s law was explicitly written
out by Converce202 (Converce 1949) and is worth writing out here:

Eq. 2.32		

dij

dBREAK =

1+

Pi
Pj

Godlund extended Reilly’s mathematical midpoint approach into a set of
equations that can be implemented in the creation of actual boundaries of centres
with gravitational influence. Godlund’s profound idea was to realize that differentsized mass factors distort boundaries forming a region that can be theoretically
constructed using segments of circles. Thus the spatial division under gravitational
influence can be defined between adjacent centres using only the centrality values
( C i...j ) of each centre and the distances ( Dij ) between them in the formulae: 203
Eqs. 2.33

rAB =

DAB (C ACB )0.5
D C
,	  mAB = AB A
C A - CB
C A - CB

where rAB is a radius of a boundary circle between centres A and B, and mAB the
distance of a centre of a circle from a bigger centre (on a line connecting centres).
In the search for a more precise boundary definition Kauko Mikkonen defined a
more general form for Godlund’s set of equations by differentiating factors of mass
(N) and distance (n) exponents separately for more accurate calibration (Mikkonen
1975, 93-95).204
2N

N

DAB (C AC B ) n

Eqs. 2.34			
rAB = 2N

2N

C A n - CB n

,

mAB =

DABC A n
2N

2N

C A n - CB n

202
This derivation implies that the proportions of trade are equal, so the left side of the equation
contracts to unity. An explicitly written out step-by-step derivation of Converce’s equation can be found in Huff
(1964).
203
Derivation can be found in footnote 3 of Godlund’s study of the spatial influence of a bus transport
system. See: Godlund (1954, 325) or for an abridged English version see Godlund (1956, 62).
204
Mikkonen used the symbol Mn for the mass of centrality to refer clearly to the gravity model tradition,
but here we instead stick with the symbol C n to emphasise the similarity with the original Godlund formulation.
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Thus the values N=1 and n=2 condense the formulae into the original form of
Godlund and with alternate values the previous results learned in gravitation and
potential modelling could easily be tested (ibid.). A development path parallel
to Godlund-Mikkonen can be traced in the series of publications by Huff and his
associates (Gambini et al. 1968; Huff & Jenks 1968; Huff 1973).
A less discussed detail concerning these spheres of influence is that in fact the
functional form of the equations actually leads to spatial tessellations known as
weighted Voronoi diagrams. These can be divided into four subclasses according
to the functional form of breaking point distance. Those four classes of Voronoi
diagrams are (Okabe et al. 2000, 120-131):
•
•
•
•

multiplicatively weighted diagrams		
additively weighted diagrams 		
compoundly weighted diagrams		
additively weighted power diagrams		

(MW-Voronoi)
(AW-Voronoi)
(CW-Voronoi)
(PW-Voronoi)205

and their characteristic weighted breaking point distances respectively in general
form as:

1
x - x1 		
wi

Eq. 2.35		

dMW ( p,pi ) =

Eq. 2.36		

d AW ( p,pi ) = x - x1 - wi

Eq. 2.37		

dCW ( p, pi ) =

Eq. 2.38		

dPW ( p,pi ) = x - x1 - wi

1
x - x1 - wi2
wi1

,wi > 0

,wi1 > 0

2

By rearranging the Godlund-Mikkonen and Gambini-Huff breakpoint formulas, we
can see that the form of weighted Voronoi diagrams they result in is more precisely
describable as MW-Voronoi diagrams,206 which by definition are characterised by a
circular bisector.
So far our examples have dealt with inverse power functions that describe the
distance decay of influence over space. Alternatives to this are the distributions
based on natural logarithms.207 Due to the relation of the present thesis to the city
of Tampere, I feel a responsibility in referring to the unsung work of Reino Ajo, the
205
In fact one would assume there is also a relevant subclass of multiplicatively weighted power
diagrams. This as Okabe et al. noticed, however, is transformable to the MV-diagram, and thus remains a trivial
extension. (Okabe et al. 2000, 128)
206
This type of foam like appearance is sometimes referred to as circular Dirichlet tessellation or the
Apollonius model (Okabe et al. 2000, 122).
207
“Unfortunately, the widespread aversion to statistics becomes even more pronounced as soon as
logarithms are involved.” (Limpert et al. 2001, 342)
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early pioneer of logarithmic fitting,208 whose own thesis from 1944 leads further
discussion on the spatial implications of gravitation. Ajo’s original definition for a
traffic area boundary was based on the following equation (Ajo 1944, 289-294): 209

F = v0 exp(-d 1/ 2t -1 )

Eq. 2.39		

in which d is the distance from a centre and vo and t are constants.210 The former
was defined by Ajo as a quotient of the total income (in FIM) and the population of
R0

the centre, which can be put formally as v0 = P . As will be seen, Ajo’s income-based
0
centrality measure is just one of the several indicators
used in the course of history
to match the empirically defined boundaries of the system of cities. At this point I am
not interested in debating which one of these is the most suitable, and accept the
heterogeneity in the qualities of centrality measures. Instead I focus on an analytical
form of research concerning the theoretical delimitation of spheres of influence.
As can be seen from the further derivation of the Ajo equation, the spatial
tessellation is anything but well-behaving in its complete analytical form (See
Appendix 4 for more a detailed derivation). If compared to the spheres of influence
derived from the Reilly tradition, the Ajo equation seems surprisingly rich, not to
mention laborious. On the other hand, the breaking point between adjacent centres
can be defined somewhat more easily in certain specific cases if some relaxation
is accepted. When connections between centres are equal (hence t0 = t1 ) the
breaking point can be found using the formula:

dBREAK ± =

Eq. 2.40		

d1 ± tr ′ 2d1 - ( r ′ )

2

2

,

208
Despite the evident language barrier caused by the fact that Ajo wrote his thesis in Finnish, his work
and especially the connection to Clark’s later contribution have not been completely unrecognised (Berry 1964, 120;
Batty & Longley 1994, 309; Batty & Kim 1992, Schöller 1969, Harvey 1967). Note also the equivalent logarithmic
formulation in the case of ecology (MacArthur & Wilson 1967, 125): “The number of propagules surviving after
travelling the distance from one of the source islands to the recipient island will be very roughly:”
-di

α wi 2 e ∆

		

where ∆ stands for the mean dispersal distance. The similarity of the explanation of ecological and economic
cities is so obvious that Portugali concludes: “Reality is an arena where plants, animals, individuals and collectives
compete and fight in a similar way, for both the city is the arena for the urban process, the process by which peoples
as individuals and collectives compete over the urban land(use), either by means of an interplay of spatio-economic
rbc’s [risk-based capital], or by means of ecological invasion and succession processes.” (Portugali 1999, 27)
209
Here we change into a more condensed form of notation from Ajo’s original to further ease the
comparison of distance-decay functions. Therefore we write:

F = v0 e

-

d
t

⇔

F = v0 e -d

1/ 2 -1

t

⇔

F = v0 exp(-d 1/ 2t -1 )

210
Ajo defines vo as a centrality parameter and t as a connection parameter, so the parameters are
equivalent to N and n in the above Godlund-Mikkonen equations.
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where r ′ = tln
Eq. 2.41		

dBREAK ± =

(

1
2
d1 ± tr ′ 2d1 - ( r ′ )
2

)

v1
. After some rearranging equation we get a neat solution of:
v0

d1 = 2d ± ± 2 d ± r + r ,
2

 v1 
 .
 v0 

where r = ( r ′ ) = t 2  ln
2

Now an interesting feature concerning the richness of spatial tessellation of Ajo’s
equation can be seen more clearly. The weight parameter r is clearly connected to
the distance parameters both additively and in a multiplicative manner. Therefore
the boundary linework will form a CW-Voronoi, whose shape, in comparison to the
circular MV-Voronoi, is defined by a fairly complex fourth-order polynomial function
(Okabe et al. 2000, 127).
From the above equation it is easy to see that it is more general than the ReillyConverse derivation. Due to the use of the negative-exponential function, the
breaking points may generate negative breakpoint values, which can be interpreted
as an indication of centres at a different hierarchy level, where the sphere of
influence of the large centre covers that of the smaller one entirely. “Thus hierarchy
becomes something which can be predicted from the model”, states Batty, who first
explicated this fundamental connection between generalized gravity models and
central place theory some 30 years later (Batty 1977, 193).
The connection between inverse power function based breakpoint traditions can
be clearly demonstrated since Ajo’s Equation 2.40 reduces in form:

Eq. 2.42		

d=

d1
t 
1+  1 
 t0 

2

,

which if the centralities are equal (hence v0 = v1 ) essentially shares the functional
form of Converce’s breaking point equation (Ajo 1944, 312). Moreover, it leads to
the even simpler form of:
Eq. 2.43		

d=

d1
2

,

when the connection parameters are also set equal (hence v0 = v1 ,
t0 = t1 ). It is easy to see that the most reduced form of the Ajo equation, where

the breaking point is located half way between centres, corresponds to the ordinary
non-weighted Voronoi diagram, while the previous equation (2.42) draws an MW-

Voronoi diagram.211 Therefore it is easy to see that Ajo’s formulation was by far more
general than any available theory before him, which is quite meritorious for a car
inspection engineer working alone in the small city of Tampere. For those interested
in formalities in more detail the derivation of all breakpoint formulas of the SIM
family with two alternative types of deterrence functions, negative exponential and
inverse power function, will be found in Batty (1977, 207).
The following series of pictures (Figure 29) is a short demonstration set up using
Godlund-Mikkonen/Gambini-Huff formulas (i.e. MW-voronoi diagrams), which
clearly shows the effect of the distance decay parameter on the actual form of the
catchment area, and eventually the notion of neighbourhoods of entities as the
heavier weights starts to dominate the plain. Initial non-weighted voronoi diagrams
are in the upper left corner, while weights of construction nodes are in the lower
right corner.

At this point in the discussion it is important to realize that the major branch of
academic research has been involved in trying to find the most suitable measures
of centrality, but much less has been said about the implications of these findings.
Reilly’s law and the later work done on its generalization can be best understood
as an inversion of a SIM model. Instead of calculating the strength of interaction,
interaction is used to evaluate the spatial extent of centres; or more precisely, it
can used to predict the breaking point of the centrality effect and define separating
211
It is also noteworthy that the striking similarity with the Converse equation suggests an inverse
exponential relation between Reilly’s weight parameter ( Pn ) and Ajo’s connection parameter ( t n ) as follows:
Eq. 2.44		

 Pi

 Pj





0.5

t 
= 1 
 t0 

0,5

Basically this means that if Converse’s and Ajo’s measures lead to the same breaking point, then the population
parameter ( Pn , which is also involved in Ajo’s research) becomes exchangeable with the resource parameter ( Rn ).
This rough speculation easily leads to incorrect (at least politically incorrect) conclusions, even though it would
confront studies (e.g. Tuominen 1949, 114) that have proved size of population a defective measure of centrality.

[Figure 29] Weighting of a voronoi structure that leads to the failing not only of
locational essentialism, but also of topological essentialism of spatial ontology (See
Section 1.2.1 for discussion).
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“trafficsheds” in the same manner as watersheds split the hinterland into different
drainage areas. On the other hand, from these sound but slightly pompous starting
points, the structure of this hinterland can also be further problematized.
We may in fact derive at least two interrelated critiques from these assumptions
of centrality. The first is more intuitive and concerns the erroneous interpretation
of the centrality effect as such, while the second is slightly more theoretical but
leads to the same conclusion. It is obviously more than just a minor concern that
these hinterland areas, namely peripheral and far from assumed centres, are
evaluated with centrality uppermost in mind. That is, they are graded according to
their potentially obsolete (or at least other than primary) property! Therefore, from
the accessibility point of view, the accessibility to the centre of an urban cluster is
clearly redundant to some other form of accessibility – ease of access to some other
affordance.
Pierre Frankhauser (2004) has provided us with a suitable example of how
the problem of boundary changes with only minor relaxation in the accessibility
assumption. We only have to assume that people are not only seeking accessibility
to an assumed urban centre, but also accessibility to an unbuilt green hinterland.212
Under these dual controversial conditions, the entitation of an urban area changes
dramatically. Frankhauser uses the example of a teragon213 as an example of such
an optimized entity that fulfils the requirement of this simplified specific case on
multi-accessibility. This is because “it can be shown that in the course of iteration,
the mean distance to the centre of the structure increases less than the mean
distance to the edge decreases” (Frankhauser 2004, 86). For the geometry-minded
reader, a more comprehensive discussion on theoretical fractal boundaries is found
in Frankhauser (2007).

[Figure 30] Successive stages of teragon creation
(Source: Frankhauser 2004)

A second test for a hinterland comes from the notion that the theoretical extent
of a centre and actual urban extent are two separate entities. Just as in Frankhauser’s
proposal, the hinterland (in a sense exterior to the urban area, non-urban) also had
212
This assumption has recently become very popular, since it gives an understandable explanation for
the accelerated development of urban fringe in all developed countries in past decades. This was also used as a
specific accessibility indicator in Lautso et al. (2004, 317).
213
A teragon is a self-similar fractal curve produced by replacing each line segment in an initial figure
with multiple connected segments, and then replacing each of those segments with the same pattern of segments
which was used to replace the first figure, and repeating the process an infinite number of times for every line
segment in the figure.

a gravitational attraction. Batty and Kim found an elegant formulation to bring these
two conceptualizations together. The writers started off from the urban density
function commonly used to describe the spatial arrangement of urban settlements,
and proved that this primary assumption in fact distorts the spatial extents into an
inevitable fractal form (Batty & Kim 1992).214 Probably not surprisingly, this suggests
forms other than can be drawn on the basis of the theory of weighted voronois. The
most significant conclusion of this is that there seems to be strong evidence that the
distance decay assumption of any spatial interaction thus leads to non-Euclidian,
fractal geometry. More generally, this means that the further we move away from
the centre the vagueness of the edges of the spatial pattern increases and so also
does the uncertainty of unified area definitions.
The above examples were chosen to stress the spatial characteristics that operate
according to their own logic and thus differ from a model built on statistical logic.
As we showed, this relationship does not always follow straightforward intuition.
Mathematical models often operate with distributions, and even ones dealing
with spatial interaction contain certain backloads to be aware of. Let us take the
common notion of density as an example. Strictly speaking, density is merely a
mean occupation rate which must be understood as an averaged definition. From
this it follows that it
remains constant only
if the distribution is
uniform, but because
the definition contains
an implicit aggregative
reference to the local
neighbourhood it is
not a very informative
descriptor of space
on the detail level
(Frankhauser 2007, 215). Leslie Martin traced this understanding to Raymond
Unwin, and did not hesitate to call it his most forceful contribution.215 Unwin
understood well enough that as the population increases on the perimeter of a
town the commuting times do not change proportionally (Martin 1972, 19). Putting
this in the context of the present state of urbanism, we can say that the increase in
travelling speed causes an exponential increase in the size of the catchment area.
A very fundamental consequence of this is that in every area-based entitation the
centre becomes overvalued and the perimeter reciprocally undervalued! This is,
moreover, true with objects of all spatial scales, which is demonstrated in an elegant
way by Martin (1972) and the discussion following that by Martin and March (1972,
214
According to Batty and Kim, the fractal form follows the basic relation D + = 2, in which D is the fractal
dimension of the city and the distance parameter of the inverse power model (Batty & Kim 1992).
215
In his 1912 text “Nothing to be Gained by Overcrowding” Unwin neatly formalised the geometrical
principle in words: “The area of a circle is increased not in direct proportion to the distance to be travelled from the
centre to the circumference, but in proportion to the square of that distance”. (cit. Martin 1972, 19) This belongs to
the same family of spatial problems that we recognize in the allometric principle of the area to volume relationship
in Gould (1966, 1973).

[Figure 31] Fresnel’s diagram of equal-sized successive annular
rings and three equal-sized hypothetical building volumes
(Sources: Martin 1972, 19, and Martin, March et al. 1972, 52)
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6-54).216 However, I drop the discussion here to avoid getting into a topic which is a
vast unexplored research problem of its own and simply demonstrate the idea with
Figure 31. To keep the argumentation clear, the focus is therefore moved to entities
of a lower dimension and stick with the idea that area-based entities are essentially
characterised with some implicit or explicit generative function.
In relation to regional sciences, these explicitly defined centrality measures
effectively cut short the discussion on the growth and development of the
centres.217 The examples chosen for this chapter were to emphasise the deeply
rooted, but unfortunately often neglected, dimension of spatial tessellations in
models of gravitational influence. From the retrospective point of view, the variation
in the hinterland of ‘gravitation’, on the other hand, creates a new set of issues to
reconsider. When relaxing assumptions on centrality and focusing more generally
on the points of attraction, the picture immediately becomes more blurred.
Theoretically speaking, nearly any activity can be chosen for a source or generator
of area of relational influence and thus the number of imaginable overlapping
‘catchment areas’ is potentially infinite. In the following we are in search of an
explanation for how this multiple starting point scheme sums up, and in doing so
need to return to basics to see how this interaction may be evaluated. We approach
the interconnection of location via W.R. Blunden’s generic conception of traffic –
“Traffic is a medium of activity” (Blunden 1971, 1) – and observe how accessibility
patterns are understood through land use-transportation feedback.

2.4 Land use–transportation
explanation of urbanism

feedback

as

an

B

asically the question in the land use–transportation (LUT) model is the same as
in all modelling: how to reduce the diversity of a specific locational property to
a simplified form with minimal loss. Or to put it more bluntly: how to describe
the most with the least. Therefore, it is important to recognize their starting points
and caveats alike. A large group of LUT models can be seen as the direct followers
of the legacy of the Lowry model218 tradition, usually containing alteration of either
216
A more recent parallel Dutch contribution to the same discussion is found in several studies in the
book FARMAX – Excursions on Density by the architects MVRDV (1998, especially 174-215; 230-247).
217
In fact there is often more than a seed of circular causation in an attempt to define the boundary for
centrality if it is defined from an area that in itself is already a spatial aggregate unit.
218
The Lowry Model, which I have already referred to on a couple occasions, is constructed on the
bases of a so-called non-economic-based physicalistic mechanism in order to allocate and forecast urban activities
(Lowry 1965; Anas 1987, 52). It is an early example and thus ahead of its time, and despite the criticism it has
encountered from several directions, it still awes modellers of urban systems. The mechanism of the model is based
on population, employment and the communication between them. The key process of modelling is the calculation
of total employment E, which by definition is a sum of basic employment B and service employment S. Thus:

E = B+ S
The interaction is based on the potential/gravity based submodel, which is used to allocate workers in basic
employment and population, and is used to derive the increment of service employment to be allocated. For a
brief introduction and discussion see, for example, Lee (1973, 89-112). For a slightly modified version running in
Excel spreadsheet see Rodrigue (1998/2009). The more general term, Garin-Lowry, refers to Robert Garins’s matrix
formulation (Garin 1966), and changes Lowry’s original characteristic cross-sectional, static model (that is iterated
to an equlibrum solution), into one solvable with the appropriate matrix inversion (Rogers 1966).
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economic base or flow characteristics towards more realistic assumptions. Different
variations of the model can be pointed out, but in general these models typically
include the four stage transportation modelling process,219 and depend on discrete
choice methods based on utility maximizing based on the work of, among others,
Ben Akiva and Lerman (1985).220 On the other hand, these albeit powerful traffic
allocation tools have some limitations of their own. According to Batty: “These
models have been slowly adapted to simulate dynamic change, although they still
tend to generate the entire activity pattern of the city. They remain parsimonious
in that the assumption is that all the outcomes from the model can be obtained in
terms of their goodness of fit.” (Batty 2009)
Rosenbaum and Koenig have collected some of problems that land use policy
evaluations include. These limitations are commonly results of the modelling
background from which more comprehensive models are derived. The limitations
typically arising from travel demand based models of transportation planning are
(Rosenbaum & Koenig 1997, 13-15):
•
•
•
•
•

lack of feedback on travel impedance to trip generation
omission of trip chaining behaviour
omission of temporal choice behaviour
omission of non-motorized travel modes
insufficient attention to urban freight

Alternative starting points for transport optimizing orientation would be an
explicit usage of SIMs as a location model or growth model. This approach was
introduced by Wilson (1971, 5) and is based on the assumption of ∑ Tij being the
j
overall distribution of population.221 A second example can be found in Blunden
(1971, 196) and is based on the same assumption of predefined urban or regional
growth ( GALL ) that is allocated locally ( Gi ) on the basis of the proportion of zonal
accessibilities indicators ( Ai ) and can thus be written in somewhat condensed form:
Eq. 2.45		

Gi = GALL

Ai
n

∑A

j

j=1

Therefore it is easy to see that growth or location based principles contain
different assumptions and different caveats. Rosenbaum and Koenig concluded that
land use centred or urban economics grounded models typically include limitations
such as:
•
•

Representation of polycentric urban development
Non-transportation factors for business seting.

219
I.e. an explicitly defined trip generation, trip distribution, modal split and traffic assignment. For more
detail see, for example, Rosenbaum & Koenig 1997, 10-11.
220
The strong economic background can be sensed from the respect these models enjoy among
transportation planners. The most recognizable approval of these methods was the “Nobel Prize” for Economics
(The Sveriges Riksbank Prize for Economic Sciences in Memory of Alfred Nobel) that was awarded to Daniel
McFadden in 2000 for work done on discrete choice analysis methods (namely, the linking of multinomial logit to
the theory of discrete choice from psychology). For a brief history see: McFadden (2001).
221
See Eq. 2.13 for details.
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Even though our examples were trivial, the background assumptions cannot be
elucidated with more advanced mathematics without reformulating the modelling
frame. Most of these problems can be traced back not only to the description of
flows in the model but also to course simplification done in the aggregation process
of interacting spatial characteristics. Potential problems are thus in the intra- and
inter-connection of modelled units. Intra-connection problems are problems of
entitation, which was also Herbert Simon’s concern in all system representations,
while inter-connection problems are problems of quantification. In the course
of urban modelling, far more effort is put into solving the latter problems, even
though it is obvious that fixed zonal entitation has easily become a norm that resists
restructuring222 and screens out essential dynamics. As a rule of thumb, we may recall
that usually neither one of these problems remains unsolved unless new solutions
based on advanced disaggregation, including spatial resolutions, are not introduced.
This is simply because the (aggregate) entitation does not contain bootstrapped
generative functions to modify entities themselves and also lame assumptions tend
to stratify in the results.
Naturally the recent development has taken this path further into varying specific
topics. Modern LUT models are based on a wide range of urban sciences. Some of
these paths beyond traditional location and transport domination include areas such
as “demographic development, household formation, economic structural change,
and firm life cycles” (Wegener 2005, 204). This has led the development of LUTs
quite far from their original starting point into the world of microsimulation based
submodels that so far have not been combined into fully fledged disaggregation
based LUT. (ibid. 205)
Despite certain limitations of traditional LUT models – the holistic approach that
incorporates technical, economic and social theories under the same umbrella –
they can be used if explaining the essential feature of urban dynamics; namely, the
land use-transportation feedback circle. This is common for every discipline involved
in urban planning trying to find proper input data from other specialists’ outputs.
Wegener starts this explanation from the traffic planning side and summarizes the
process in the following way. The distribution of land uses determines the location of
human activities, which requires spatial interaction over the transportation system.
The distribution of transportation infrastructure in turn creates opportunities that
can be measured as accessibility that codetermines location decisions and changes
in land use (Wegener 2005, 206). Wegener’s diagram, which does not follow as a
straightforward single linear explanation path, is included below (Figure 32).

222
This is the classic source of ‘bogus calibration’ of gravity models, but can be extended to all SIM
family models. Lee summarises the findings of Batty (1970) and Cordey-Hayes (1968) saying that “the settlement
pattern may be adequately reproduced, but the representation of interaction is completely false” (Lee 1973, 71).
The difficulty in case of predicted land use comes from this dynamics in which interaction does not change only the
quantities, as assumed, but also the distributions, i.e. patterns of movement and patterns of land use.

[Figure 32] Causal connections in the land use–transportation cycle (After Wegener [2005])

136 | 137

Looking at Wegener’s comprehensive picture, some further arguments can be
evinced. Due to the fact that land use planning has a long tradition of regulation,
the changes in it are not regarded as obviously unintentional or emergent. Looking
at the transportation side of a figure, it is easy to see the inevitable logic of the fourstage travel demand model in it. The alternative way would naturally be to look at
land use change as another scale displacement concerning urban activities in the
same manner as short-term traffic displacements. Wegener seems to be well aware
of this anti-symmetric character and describes the problem arising from this selfreinforcing positive feedback cycle and our understanding of it as follows:
“Following this principle, it is easily understood that the suburbanization of cities is connected
with increasing spatial division of labor and hence with ever-increasing mobility. However,
the reverse impact from transportation to land use is less well known. There is some vague
understanding that the evolution from the dense urban fabric of medieval cities, where
almost all daily mobility was on foot, to the vast expansion of modern metropolitan areas
with their massive volumes of intraregional traffic would not have been possible without the
development of first the railway and then, in particular, the private automobile, which has
made every corner of the metropolitan area almost equally suitable as a place to live and
work. However, exactly how the development of the transportation system influences the
location decisions of landlords, investors, firms, and households is not clearly understood,
even by many urban planners. It is therefore difficult for them to assess the impacts of
transportation policies on land use and vice versa.” (Wegener 2005, 205)
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In fact, after some re-reading of Wegener’s diagram we realize that in splitting the
diameter of a circle there lie two aggregate concepts that do not belong to either the
transport or the land use sector alone: accessibility of transport system and spatial
distribution of activities. These are usually handled as a distribution function inside
the model, but planners’ major dilemma is that they are both results of displacement
phenomenon as such. The difficulty lies in the fact that the displacement of activities
(relocation) and displacement of persons (daily trips) are processes of a different
scale, but yet profoundly interconnected. This can best be understood from the clear
flowchart from LUTRAQ documentation (Figure 33).223 A comprehensive discussion
on LUT model details and state-of-the-art can be found in Lautso et al. (2004)
[Figure 33] Systemic interconnections in a typical LUT model. The structure is nearly identical with such
commonly used models as MEPLAN and TRANUS (Lautso et al. 2004, 77, 81)(After: LUTRAQ [1991])

It is notable that this interpretation, too, despite being divided into two processes,
is centred on the allocation process only. Yet it contains important insights on
displacement co-evolution that must be understood before issues of growth-involved
dynamics are even possible. At first glance it seems that this description is based
on the equilibrium of two separate processes that could be simulated and adjusted
with each other’s feedback until convergence, but the really troublesome part is to
fix the constants and parameters of model setting. Typically there is a temptation
to fix either spatial or trip distribution because the estimation of their covariance
seems especially difficult to address empirically. In spite of this, it is important not to
neglect this basic fact. As early as 1970, Batty suggested that while comparing actual
and predicted land use patterns it is important to keep an eye on mean trip length
(i.e. the average length of all trips within a system) (Batty 1970). Further evidence
of constant travel behaviour has been evinced by Yacov Zahavi (1979). He proposed
invariable time-based metrics and coined the notion of ‘travel time budgets’ (which
are under further inspection in the following, Section 2.4).
Due to circular dependencies, the scheme is fully dynamic and allows discussion
of the land use change problem without falling into protracted chicken and egg
causality debates. We can therefore propose alterations to Wegener’s diagram.
To stress the symmetry of displacement scales, we could draw it using roughly
equivalent terms as in the transport side in the following manner (Figure 34):
223
The local, bottom-up organized Land Use, Transportation and Air Quality Connection (LUTRAQ)
project was carried out as a response to a proposed new suburban freeway in Oregon, U.S.A 1988-97. For details of
this successful project see: [http://www.onethousandfriendsoforegon.org/resources/lutraq.html].

Applying the four-stage logic of transport to land use, we can enhance the
understanding of the importance of accessibility in both transport and land
use allocation cycles. Therefore the trip decision is more generally understood
as recognition of needs. Similary, destination choice means essentially seeking
alternatives. The mode choice in turn equals evaluation of solutions. And finally, the
rest of the process is based on complex, micro-scale cost-benefit analyses: since the
route chosen is based on cost assessment, a route choice can be seen as a zonal
allocation. Thus the extended four-stage logic of general displacement framework
can be rewritten in the form of a table as follows:
Model phase

Requirements

Transport side

Land use side

1. Needs recognition

Displacement

Trip decision

Relocation decision

2. Alternatives seeking

Scanning

Destination choice

Destination choice

3. Solutions evaluation

Preferencing

Mode choice

Pattern choice

4. Costs assessment

Investment

Route choice

Zonal allocation

This suggests that not only people, but also the buildings and activities that
they contain, move along with the changes in the transportation network. Only the
frequency is slower. In Chapter 3 I will focus on this logic more profoundly.

[Figure 34] Wegener’s land use-transport cycle with alternatively detailed land use connections.
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It is interesting that if we accept the profound similarity between displacement
procedures on different time scales, we simultaneously make accessibility a key
feature of entire dynamics. Since most of the major LUT models are commercial
software, it is often difficult to trace the actual modelling solutions encased in nondisclosure agreements. The commercially beneficial strategy therefore unfortunately
also hides some dubious solutions. Several LUT models were tested on the EU-funded
PROPOLIS research project. Wegener’s land use–transportation feedback circle was
also included in the final report on the project (Lautso et al. 2004, 54-58), but to my
great surprise the land use side was heavily dominated by transportation,224 and in
fact the development of the land use side is far behind in traditionally transportation
led LUT development. Currently the fully integrated spatially disaggregated LUT
model does not even exist worldwide (ibid. 67). This is an unfortunate state-of-theart limitation, but on the other hand EU level suggestions for policy-making sound
over-optimistic to me. In the following Section 2.5 I attempt to weigh up the effects
of accessibility from a land use perspective.

2.5 Analysis of accessibility

I

n the introduction chapter I referred to Giovanni Battista Nolli’s 18th century maps
of Rome that showed the parts of the city that can be understood as publicly
accessible. This is a very static definition of accessibility, using the term more as
a label characterising certain aspects of space. This type of use for accessibility can
be commonly found in architectural studies (Doxiadis 1968, 121) and usually means
roughly the same as ‘a place to which a person has access’. On the other hand, from
these inherent everyday concepts rooted in absolute notions of space225 we only
get a quite fixed and limited understanding. In a slightly more comparative sense,
the property of accessibility can be understood in general as ‘ease of access’. As an
implicit general concept, such notions have been with us for ages and are blurred
into the knowledge of our movement patterns and potentials, as well as the tacit
knowledge of central locations. One has only to think of the vast 400,000 km road
network (of which one fifth was paved) of the Roman Empire, and its implications
best manifested in the well-known saying “All roads lead to Rome”.226
From the analytical point of view, the key concept for our discussion seems to
be Robert Murray Haig’s notion of friction of space. In his two-part article “Toward
an understanding of the metropolis” he extends the metaphorically physics-based
concept of friction to spatial reality. For him friction of space is by nature a “grade to
be overcome at a certain expenditure of energy” (Haig 1926a, 185). The profound
linkage to accessibility is made by juxtaposing physical proximity with the cost of
overcoming the friction of space (Haig 1926b, 419-421). Therefore, Haig seems to be
the first to bind accessibility to the wider urban development pattern. This important
224
Accessibility was included in only three indicators: accessibility to the city centre, to services and to
open space. To my knowledge this is an exceptionally wide range of accessibility definitions in one project, but it
does not justify the lack of all other land use indicators. (For details see: Lautso et al. 2004, 46-47 & 279-338)
225
See Section 1.2.
226
For etymology see: http://en.wiktionary.org/wiki/all_roads_lead_to_Rome. Omnes viae Romam
ducunt (lat.) and tens of other translations found at: http://members.tripod.com/~holyrosarychurch/strade.html
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connection is found when realising that the combination of transportation and rent
costs are the direct costs of the friction of space. This allowed Haig to speculate
with possible development paths of metropolitan activities, most advantageous
locations and ideas that were way ahead of their time. A striking example is Haig’s
definition of ‘optimal location’: “The theoretically perfect site for the activity is that
which furnishes the desired degree of accessibility at the lowest costs of friction.”
(ibid. 423) In fact, in this analysis Haig goes into depths that had to wait for Alonso’s
contribution in his general theory of land rent nearly 40 years later (Alonso 1964).
It is therefore easy to see that this is the theoretical base from which modelling
has adopted its concept of accessibility. For example, Lakshmanan and Hansen
(1965) equally called the resistance of spatial divide, dij −α , by the term friction
factor.227 And this very same factor, currently known as the impedance function,
is the same that Alan Wilson (1971) a few years later in a straightforward manner
simply calls the accessibility function. Finally, the same idea is even more clearly
combined by Blunden in the words: “Accessibility of a land use is analogous to the
impedance concept of transport capacity.” (Blunden 1971, 194) All these examples
refer to the characteristic common to all spatial phenomena manifested in Tobler’s
First Law of Geography: To defeat a nuisance of spatial separation some additional
work is required. Actually more than that: more broadly speaking, accessibility is an
integrated part of the costs of all urban processes.
Contemplated from the urban economics point of view, this scheme of
accessibility outlined by Haig and enshrined in the heart of transportation sheds new
light on the dynamics of urban regions as well. “Transport costs and site rentals were
complementary. As already indicated, accessibility influences the volume of business
conducted, the revenue obtained, and, hence the rent or price a potential user is
willing to pay for a site. In the case of retail uses, costs may be virtually the same
for various locations, but revenue can differ enormously” (Goodall 1972, 86) This
sentence from Brian Goodall’s 1972 book The Economics of Urban Areas banishes
all hope of urban equilibrium and explains a lot about the current restructuring of
urban areas. The only thing we need to reconsider is the notion of accessibility and
all of a sudden we enter into the world of complexity, which cannot be mastered by
making either users or attractions invariable. Since accessibility plays a significant
role in locational choices of both, we have to look at this in more detail.
Moving inside the modelling realm, we realize the same ambiguity resulting
from different modelling traditions. If the basic spatial interaction patterns found
in gravitation derived modelling can be summarized in two different functional
forms,228 it is not surprising that no additional mechanism is found in other urban
models, either. Actually, even more surprising similarities can be found. In his 1967
article “A Statistical Theory of Spatial Distribution Models”, Alan Wilson derived the
entropy maximation explanation for the family of Spatial Interaction Models (SIM)
(Wilson 1967). Wilson showed that the functional form of macroscopic SIMs, in which
only the relationships of aggregate geographical locations matter, are constructed
on principles of entropy maximization originally found in statistical mechanics and
227
228

See Eq. 2.8 in previous Section 2.3
I.e. negative exponential and inverse power function. See discussion in Section 2.3.3.
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information theory. As mentioned in the discussion on land use–transport models
(LUT), another major branch of the modelling tradition is found in the utility
maximation of discrete choice models. Utility, in turn, is a microscopic agent level
property that in logit models is summed trip distributions according to destination
choices. It is interesting to realize that the functional form of utility based logit
models and entropy based SIMs are in fact equivalent,229 which essentially bound
various modelling scales into a unifying form. Two different modelling traditions of
economists and geographers are seemingly observing the same phenomenon, but
there are surprisingly few cross-references. The main conclusion that can be drawn
from this similarity is that impedance evaluated in travel time in SIMs is the major
component of utility based impedance in discrete choice models. Probably not
surprisingly, accessibility is the multiscalar phenomenon that binds these modelling
traditions internally together and we will soon take a closer look at them.
This same scale dependent illusion also exists when the argumentation turns
into mobility versus accessibility issues, and hence some words of clarification
are necessary. Mobility is often understood as the measure of the extent to which
something is mobile. The connection to accessibility is often left undefined. From
a general terminological point of view, mobility thus means roughly the same as
‘ease of moving about’. Therefore the relation accessibility, in a sense the ‘ease of
access’, instantly becomes comprehensible. Mobility can be seen as the counterpart
of accessibility: if mobility emphasizes the individual perspective and focuses on
agent level potential, accessibility in turn is a collective measure for how these
mobilities add up to locational potential and spatial characteristics. Accessibility is
thus understood most often either as a measure of how an individual can reach
a pool of activities to be performed or, more broadly, as in our further developed
scheme, how the characteristics of singular locations are set in a relative manner
from the characteristics of the immediate surroundings. Mobility is therefore more
focused on means of transport, while accessibility tries to understand the potential
thereby created. This said, it is clear that the discussions of our mobile society and its
consequences (see, for example, Echenique 2001) are highly interconnected to our
current stage of urban development.
As we have shown, accessibility is a subset of the gravitation concept and our
aim in further differentiation is to show that despite the fact that in modelling it
sounds a bit vague and maybe even trivial, the early formulations carry a lot of
development potential and are still very much alive. I am therefore going to drop
a large amount of the elegance of advanced modelling solutions, but by so doing
I hope to draw a more comprehensible picture of its characteristics. In the earlier
discussion on the spatial extent of gravity models, I outlined the close relationship
between accessibility and centrality. Access to centres is understandably a certain
type of measure, but I also insisted on access to other destinations as well. Therefore,
questions like “accessibility to what?” or “accessibility of whom” or “accessibility by
what means” are of utmost importance. This is also an idea that is included in Haig’s
earlier expression “desired degree of accessibility”.
229
I would like to acknowledge the remark made by an anonymous commentator on Erik J. Heikkila’s
presentation in the CUPUM05 conference.
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In the following section it will be shown that the connection between these
concepts is actually even stronger. This is because the functions that validate it are
relational in nature, therefore making the analysis target of accessibility function a
centre of activity. By talking of multiple definitions of accessibility, I am therefore
simultaneously suggesting a major relaxation for centres, or to put it more correctly,
I am suggesting the omission of the notion of centre in favour of the more flexible
notion of centrality. Therefore relational, integral definitions of accessibility are in
themselves definitions of centrality, in which the nature of this manifest constructive
aspect calls for an explicit definition.

2.5.1 Centripetality and centrifugality
As already mentioned, centrality has a clear relation to accessibility. Almost
equally old as the discussion on accessibility is the discussion of the centripetality and
centrifugality of urban activities. In 1933 Charles C. Colby conducted an extensive
literary survey in order to understand the development and driving forces of the
metropolitan growth phenomenon (Colby 1933). Colby recognized the evolution
process involving the modification of long established functions as well as the
addition of new functions. He defined two sets of forces that stand out. The first of
these are centripetal forces, which “impel functions to migrate from the central zone
of a city towards, or actually beyond, its periphery” and eventually “make that zone
the centre of gravity for the entire urbanized area”. The second group, centrifugal
forces, are “made up of a combination of uprooting impulses in the central zone and
attractive qualities of the periphery” (ibid.).
Krugman recently used the same characteristics very successfully (Krugman
1996, 76). The edge city model he describes is an attempt to explain polycentric
urban structure in as minimalist a way as possible using the interdependent location
decisions of businesses. He, too, uses the centripetal and centrifugal properties
of businesses as counterbalancing forces to create spatial patterns. Interestingly
though, he creates the interacting model agents with the property of willingness
or unwillingness to cluster with other agents. The important difference from the
Colby definition is that the basic assumption underlying the model is that there is
no difference among the locations, but the desirability of the location is determined
by the distribution of the businesses themselves. The centrality and the names
of the balancing forces came into the picture only through the scheme set up
for modelling to begin. With this extremely simplified model, Krugman is able to
demonstrate important features and oddities of urban formations, such as the socalled agglomeration shadow of different-sized competing centres, which can thus
be explained merely on the bases of two distinctive properties of business agents.
What still puzzles me, however, is how the centrifugal agents choose their location
and how the centres are formed in the first place.
The concepts of centripetality and centrifugality are often used terms that
inaccurately describe and fall into the trap of circular causation. The basic definition
of a featureless plain with centrality created by agents is actually very close to the
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popular definition of CBD. As discussed in Section 1.4.1, Murphy and Vance took
the existing downtown location for the starting point and defined the delimiting
properties of CBD on the bases of existing functions (Murphy & Vance 1954). If we in
turn define the action taken by the agents on the basis of the same centrality, we are
looking for trouble. Eventually this might lead to a very strange analysis. For example,
the analysis of the locational choices of various business sectors in the Helsinki
metropolitan area suggests that retailing has recently turned into a centrifugal
urban function (Laakso & Loikkanen 2004). Even though it is understandable that
a certain type of retailing is vanishing more and more from the CBD (and the same
phenomenon is recognized to a certain degree from relocations of the traditionally
CBD-seeking office space), the centrifugal explanation must clearly be wrong. Both
of these are functions that typically benefit from a central location, so the foregoing
must be caused by the ill-defined centrality concept itself. Agents generally cannot
be said to seek for centrality, because they are simply too ‘self-involved’ in the
emergence of centres. Therefore the concepts of centripetality and centrifugality
are only terms that distract attention from the evolutionary nature of centrality and
hide the dynamics behind the ongoing urban restructuration.
This is why I feel that the clever distinctions of Krugman between the behavioural
tendencies of business interaction, which I used as an example, should be more
properly called ‘agglomerating’ and ‘deglomerating’ forces, just as Haig called
them seven years before the Colby formulation (Haig 1926). Moreover, from our
perspective, common centrality functions bear striking similarities with accessibility
functions, so I will immediately take a closer look at them, because it appears that
centrality is by definition the simplest form of emergent urban behaviour.

2.5.2 A selection of accessibility definitions
During the last half century the accessibility concept has been introduced into
several disciplines. The methods applied and modelling implementation vary
from decade to decade and each period in a way contributes to the concept itself.
Accessibility can be associated with urban phenomena with concepts like gravitation
or utility, which were discussed earlier, but also with such advanced concepts such
as percolation, entropy, probability. Thus a more detailed understanding of the
specific meaning of the term requires further classifications of the measures used.
Most of these formalisations prove arbitrary and abstract, but from our perspective
luckily different groups have many similarities and overlap on the level of definitions.
Geurs et al. (2003) distinguish three different types of accessibility measures
based on a literature review. According to them, accessibility measures can be
divided into infrastructure-based, activity-based and utility-based measures.
Infrastructure-based measures can be described as normative measurements used
for governing goals for the accepted service level of a main road network. Such a goal
for an accessibility level could be, for example, an objective for a minimum speed of,
say, 60 km/h on arterial roads. This, academically-speaking rather shallow definition,
which Geurs et al. mentioned and also rejected in their study, is the roughest kind

144 | 145
of generalization. It is only possible with an assumption of a somewhat static trip
destination distribution and/or an overwhelming technocratic belief. It is shown
later that accessibility is a far more complicated issue than a road standard alone.
It is highly questionable if this accessibility definition is truly a proper measure of
accessibility (in the original sense ease of access) at all if it cumulates in major landuse change.
Activity-based measures are further divided by Geurs et al. into categories of
integral and space-time measures. The basic distinction between these two different
kinds of activity-based measures is whether they describe properties of geographic
locations or whether they are understood as properties of people trying to reach
these locations. Mei-Po Kwan (Kwan 1998) carried out a comparative analysis
of 18 different integral measures and 12 space-time measures and found great
differences between them. She concluded her analysis of a total of 30 activity-based
measurements with the general notion that “accessibility measures that incorporate
the effect of space-time constraints will improve the ability to explain and/or predict
particular characteristics of individual travel behaviour.” (Kwan 1998, 213) Yet she
makes a very valuable observation on the nature and operational form of various
measures. Place and individual based methods are in fact more different than the
difference in level of aggregation and spatial framework alone would suggest. Kwan
also suggests that the selection of proper measurement types should be considered
very carefully according to their suitability for a particular research question.
The utility-based class of accessibility measures in turn is based on the random
utility theory introduced briefly earlier. Such measures assume that individual
trip choices are based on the utility of that particular choice over the utility of
all choices. Utility-based methods are occasionally accused of something that
sounds like ominous utility maximizing, but that is obvious over-simplification,
which unfortunately too often neglects further adjustments. In general it could
be concluded that measurements in this class are, or at least should be, based on
observed economic effects of spatially distributed activities that are assumed to be
assigned for each mode and/or destination.
Other differences between measurements include the level of data aggregation,
assumptions of destination or origin, individual preferences, etc. Since there are
some obvious similarities between activity-based integral measures and utility
measures on the level of calculation, these are all grouped in one section under
the title integral accessibility in order to make a distinction with the second large
group of time-space measures. These two categories seem to be the mainstreams of
current development in research issues of accessibility.
Next I take an in-depth look at some integral methods of accessibility. The examples
presented here are not meant to be a complete outline of the measures available,
but are chosen according to the relevance to the theme of the dissertation. A more
complete collection can be found, for example, in the Journal of Transportation and
Statistics’ special issue on methodological issues in accessibility (Vol. 4, Numbers
2/3, September/December 2001).
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Integral accessibility
The integral methods to be scrutinised in more detail can be grouped into gravity,
cumulative-opportunity and utility based measures. These measures in general
are suitable or comparing accessibility between different geographic locations and
are deeply rooted in the SIMs tradition. As early as in the 1920s it was occasionally
realized that accessibility plays a significant role in spatial interaction (Batty 2009b).
The ease of access and its consequences have subsequently been seen as a key
motivator for the location of urban activities, and was from the very beginning an
important explanation in early large scale urban modelling.
A highway research engineer Walter G. Hansen, who a few years later became
a co-founder of the influential transportation planning firm Alan M. Voorhees and
Associates, was first to formalise this concept in his celebrated publication How
Accessibility Shapes Land Use (Hansen 1959). It is important to realize that he did
not add a question mark to the title, because his contribution was clearly meant
as an answer. Hansen’s view of the accessibility problem was extremely ambitious,
relying on J.Q. Steward’s potential paradigm, and clearly understood accessibility
like its interpretation in physics as an elevated, reclining mass or currently unfulfilled
capacity to improve and develop. This can already be seen from his definition of
accessibility as “potential of opportunities for interaction”, or as he more forcefully
puts it: “a measure of the intensity of the possibility of interaction rather than just a
measure of the ease of interaction” (Hansen 1959, 73). As expected, it was introduced
exactly in the last sense. Following the original text of Hansen, accessibility can be
formulated as:
Eq. 2.46		

n

Sj

j=1

Tij x

Ahansen,i = ∑

,

where S j equals the size of activity in zone j. The nominator consists of travel
distance or time Tij , between two zones and exponent x describing the effect of
separating distance. We can see that the definition is an activity-based measure
analysing macrolevel potential between different locations. In the Hansen’s own
terms, “a generalization of population-over-distance relationship” (Hansen 1959,
73).
In the most general sense, a measure for this concept of accessibility can be
defined as the degree of interconnections with all points on the same surface
(Ingram 1971). The most basic form of accessibility is what Ingram called a relative
accessibility. This is defined by him as the degree to which two places on the same
surface are connected. It is obvious that such a basic measure is an insufficient
accessibility measure in terms of reflexivity. By reflexivity we mean a property that
is the same in both directions; i.e. relative accessibility is reflexive since the degree
of connection is equal from point i to j and from j to i. This does not fulfil the general
need for a measure describing the unique property of a location that could be
regarded as an accessibility index. Thus the minimum requirement for locational
uniqueness is the demand for non-reflexivity. This leads us to the definition of
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integral accessibility in its general form as:
n

Eq. 2.47		

Ai = ∑ aij
j=1

where aij is relative accessibility of point j at i. Ingram’s definition is an accessibility
index formed by summing all connections from one point to other points on the same
surface.230 It is easy to understand that the reflexive property is not preserved. For
a more precise definition this relative accessibility can be defined as an impedance
function describing the potential interrelation between locations j and i. Ingram
compared the two most commonly used impedance functions, the reciprocal (i.e.
inverse power function) and the negative exponential function. The reciprocal
function may be expressed as
Eq. 2.48		

aij = dij -k

and the negative exponential function as
Eq. 2.49		

aij = e

-dij

,

in which dij represents the distance between locations i and j. Ingram discovered
that both previous impedance functions decay too fast and suggested instead a
modified Gaussian function231
Eq. 2.50		

aij = e

-dij 2 / v

,

where v is a constant determined for a given system. The reason for favouring a
Gaussian form is the slow declining rate in the region of origin and it also does not
decline as rapidly as the two previous ones at greater distances. Naturally there are
different suggestions for a suitable form of function as well as alternative metrics
to replace Ingram’s as-the-crow-flies distances. Technically there is no limitation to
the type of measure as long as it is of ratio degree.232 An advanced discussion on
generalized form and the characteristics of different distribution functions is to be
found in March (1971, 157-170). From Pirie (1978, 300-301) we find a collection of
used measures that vary from metric distance and time measures to topological,
‘opportunity’, ‘attractiveness’ or other feature of interest. It is therefore up to further
examination what the definition is meant to explain.
In gravity models the impedance function (i.e. the core accessibility definition)
is later often written in alternative negative exponential form (Goodwin 1981, 98;
Harris 2001, 18; Wilson 2000, 64):
230
I.e. A summation of what Ingram called relative accessibility between two locations. Note that
derived functions are thus relational measures in nature.
-d 1/ 2t -1

231
It is noteworthy that Reino Ajo used the equivalent functional form F = v0 e
point calculations of Tampere traffic area in the early 1940s. See Eq. 2.39 for more discussion.
232
See Section 1.2.3. for more detail.

for his breaking
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− β C ij

Eq. 2.51		

ai = e

		

ai = exp(- β C)

or written alternatively as

where β is understood as a behavioural constant that reflects the distribution of
preferences and C ij the generalized cost.
An important addition to the concepts of accessibility was proposed by Wachs
and Kumagai (1973) in their cumulative-opportunity233 based accessibility measure.
They created an accessibility measure to be used as a social indicator which can be
generalized as follows:
J

Eq. 2.52		

K

Ai,r = ∑∑ Θ(Pijk Eijk )
j=1 k=1

in which,

Pijk is a proportion of workforce in income category j and occupation category k;
Eijk is employment opportunities in income category j and occupation category k.

These parameters are used to create a finegrained measure for different social
classes and employment opportunities for each particular class. The biggest
innovation from our perspective, however, was the introduction of a Heaviside unit
step function:
0 if z > r
Θ[z] = 
		
1 if z ≤ r ,
which creates discontinuity for the accessibility measure in a manner that is
233
It is noteworthy that generally speaking opportunity-related concepts of accessibility are transferred
from the economics literature in which it already has a 70-year tradition. J. Berry Mason writes on its origin as
follows: “Samuel A. Stouffer (1940) modified the gravity flow concept in attempting to measure the mobility of
population. The concept, which was empirically studied, assumes no necessary relationship between mobility and
distance; rather, the concept of intervening opportunities was introduced. The contention was that ‘the number of
persons going a given distance is directly proportional to the number of opportunities at that distance and inversely
proportional to the number of intervening opportunities’.” (Mason 1975)
For economic development the concept of opportunity is clearly considered a more fruitful term than, for
example, the slightly gloomy sounding friction of space. The background story is still the same, as emerges from
the quote from Blunden (1972, 196-197) “…opportunity models are essentially accessibility models, even though
the accessibility index is not introduced explicitly. Priority of location is based on the idea that a closer rather
than a more distant location will be preferred and the probability of such choice is proportional to the number of
opportunities in a given zone to the total number between the zone and the attracting land-use zone – presumably
a major work zone or the central area of the city.” Blunden’s description is clearly identical to Mason’s. Despite this
seeming semantic trick, the problems of modelling remain the same, as we can sense from Mason’s recall of explicit
description: “Opportunities must be precisely defined in any use of the theory. The particular definition that is
appropriate will depend on the type of social situation investigated, for distribution of opportunities for secretaries
would necessarily be different from the distribution of opportunities for unskilled labor.” (Mason 1975)
Opportunity-based argumentation can therefore naturally develop further in the same manner as SIMs are
extended from their original gravitation base. One of these is the so-called Schneider model which contains an
explicit definition for a fictitious sounding measure of “probability of acceptance of a location opportunity”. For
details see Blunden (1972, 197).
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relative to the travel time radius r. The implicit but very profound idea behind this is
that after a certain distance (or travel time) some opportunities are not reasonably
accessible at all and thus do not affect that particular accessibility index.
Utility measures were developed to overcome the major shortcoming of
gravity and cumulative-opportunity models related to various differences between
individuals within the same zone that cannot be taken into account. Individuals
also evaluate the set of real-world alternatives according to their own behavioural
principles, apart from the fact that they might live in a zone of equal level of
accessibility (Ben-Akiva & Lerman 1979). This approach defines accessibility as
logsum, i.e. the denominator of the multinomial logit model, of utility choices in a
specific choice set. Accessibility can thus be calculated as:
Eq. 2.53		

C

Au = ln  ∑ eVc 
 c=1 

in which Vc is an observable transportation component of indirect utility resulting
from individual choice234 from the choice set C (ibid. 665). Handy and Niemeier
(1997) in their successful implementation of utility-based analysis recall that these
utility-type accessibility measures can take a form similar to a gravity-based model,
but with additional theoretical and empirical advantages. These include the option
for individual adjustments as well as a direct link into the consumer’s welfare theory,
which makes the evaluation of before and after situations results of consumer
surplus. The theory of consumer surplus was described by Neuburger (1971, 66) on
the basis of the gravity model being equal to the variation of situations S0 and S1
as follows:
C ij
 J
- 
∆S = x0 ∑ Gilog  ∑ O j e x0  ,
i=1
 j=1

in which the latter log-containing term is equivalent to the previous definition of
utility-based accessibility, which consists of generalized time or cost for trip from i
to j, opportunities O j of destination j and number of trip origins Gi in zone i. x0 is a
constant intervening in the related trip distribution function (Koenig 1980). Despite
the cumbersome appearance of Eq. 2.54, the major components remain the same;
results are generated from the interaction of locational opportunities according to
the impedance function. The great disadvantage of this particular approach is that
formulations of personal travel-time budgets have cast doubt on many previous
derivations between time and corresponding utility cost. Readers interested in this
approach should consult the references in Koenig (1980).
Before moving to the second type of accessibility definition – the time-space
measures – it is worth focusing on certain essential features of accessibility measures
I

Eq. 2.54		

234
Despite the elegance of Ben-Akiva and Lerman’s solution and its close connection to the logit model,
which is too lengthy to reproduce here, the main criticism is of the background assumptions of utility. The theory
behind utility based measures relies on what Koenig (1980, 154) calls “the pathological properties of travel time (or
cost) as an indicator of welfare.”
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that explain the profound limitations of developing more and more complex
measures. Pirie (1979) drew an important conclusion on the background assumptions
to be found in different integral measures. He recognized two different assumptions
that are implicit features of each accessibility model. These essential assumptions
are those concerning the origin and the destination of accessibility. It is almost a
truism that each trip must have starting and ending points, but unfortunately this is
a quite typical hubris to fall into when using models for predicting the future. Most
integral measures seem to hide the fact that they are merely numerical indicators
of an implicit assumption concerning these two. A third direct consequence of that
conclusion that can be drawn from these two is the assumption of transportation
mode. Immediately an uncertainty is accepted in any of them, it becomes apparent
that no matter how accurate a chosen accessibility measure may be theoretically, the
solution is already on shaky ground. And conversely, by voicing these assumptions,
the estimation of the explanatory power becomes significantly easier.
On the other hand, the accusations concerning origin, destination and mode
assumptions are such that space-time measures are not in a significantly different
situation than the integral measures if the aim is find operational tools for planning.
I will concentrate on this important aspect later, but in principle this is because we
do not know of them and must therefore pretend that this is not a problem. As
non-conclusive remark, it is fair to say that, despite their obvious shortcomings,
integral measures of accessibility are still highly relevant, if those shortcomings
are understood. Integral measures draw an understandable big picture of overall
opportunities and movement requirements, but often suffer from a lack of sensitivity.
For instance, Kwan reports that in comparison to space-time measures, integral
measures had only a weak association with individual activity travel behaviour such
as non-work or out-of-home activities and the distanced travelled to them (Kwan
1998, 213).
Due to the aggregative nature of integral measures, there are several potential
sources of misinterpretation. Even though utility-based models incorporate to some
extent the imperfections of collected data, they are based on observed distributions
of travel behaviour. The major caveat is the uncertainty of destinations in the long
run, since that locally observed parameter will hardly remain constant throughout
the entire period of future forecast. Integral measures are very sensitive to
assumptions on primary entitation, and typically operate using aggregate properties
of individuals or local characteristics pinned down to single location. Therefore
finding a representative spatial division for analysis is only half of the problem, while
the other half is to decide how to weight the evaluating functions. Kwan realised that
due to the nature of integral accessibility it is very difficult to approach problems such
as multiple origin and trip chaining. The tendency to underestimate the accessibility
on non-central locations and the tendency to smooth factual space-time constraints
and limitations in aggregation process are also well-known sources of distorted
analysis results (Kwan 1998, 196). Integral measures do not only resemble centrality
structures, but also implicitly favour them.
A major problem with all analyses based on statistical samplings is their tendency
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to hide detailed variations in averaging, maximising (for example utility) or minimising
(for example distance). Sometimes these may be of great importance, as in a study
that Alonso recalls from New England. According to all analyses done in the research,
Boston would have been a better manufacturing location than the current location
of a firm in Worcester. The reason for the current site was discovered and the reason
was simply that the manufacturer’s mother-in-law lived in the town, and his wife
insisted on living nearby (Alonso 1964, 79).235 Many such individual decisions are
hidden when trying to see an overall picture, but some detailed analyses may help if
the assumptions do not scale to each other reasonably.
In the case of planning applications, one should bear in mind that the aim of
analyses is to provide an adequate sense of detail, even though verisimilitude
concerning the uncertainty of future is unattainable. Most often the actual value
predicted is unimportant; what is important is to know how the empirically
estimated value changes in the course of time, or at least whether it is a constant
or a variable. The fidelity of a model to realism236 is elusive in urban simulations and
special caution should be exercised if results are used to back up actual decisionmaking.

Space-time accessibility measures
A time-geographic framework and its space-time measures evaluate accessibility
according to a person’s daily routine and spatio-temporal constraints (Kwan 1998,
196). Their popularity is based on their sensitivity to local patterns for differences,
variance and diversity. Space-time accessibility measures are typically a disaggregated
perspective on phenomena that at best also sum up integral accessibility measures.
We can explain the need for an alternative angle quite easily, since this way there
is (at least theoretically) a chance to evaluate the stability of aggregate solutions and
search for alternatives. A somewhat simpler example than the earlier mentioned
Krugman’s edge city model can be found in Alonso’s example of ice cream salesmen
on the beach (Alonso 1964, 81-82). This example, originating in Harold Hotelling’s
impressive article “Stability in Competition” (Hotelling 1929), is a clear example
of why a detailed understanding can lead to stable patterns that are far from
optimal on the system level and one of the reasons why issues of social justice have
been rooted into the ethos of planning. The story is an example of the so-called
Principle of Minimum Differentiation,237 which in current knowledge of oligopolistic
competition is too coarse to be realistic (D’Aspremont, Gabszewicz & Thisse 1979).
235
Interestingly, Lösch recounts a similar anecdote with reference to a single producer’s favourite hobby
and more generally as a reason assumed for the southward migration of industry in England due to the preferences
of local businessmen and their wives (Lösch 1940/1967, 16). This seems either a common source of the irrational
factor for industry location or then Alonso just had read his Lösch in detail.
236
See Casti (1997, 75) for a detailed discussion on simulated reality.
237
This principle has since been questioned, since in Hotelling’s formulation in fact no equilibrium of
prices exists. This was shown by D’Aspremont, Gabszewicz & Thisse (1979) and they actually formulated, with small
modifications, a counterexample of equilibrium conditions, where sellers maximize their differentiation. Therefore,
in comparison to the simulation of Krugman’s non-equilibrum conditions, we have a beautiful set of examples
where small changes in initial conditions lead to a vast range of potential solutions that are both difficult to model
and even more difficult to plan.
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But for our purposes as a model, its one-dimensional perspective still serves as a
good counterpart to Caniggia’s descriptive diagrams in Section 1.3.3. and location
principles of competing grocery vendors in Finland. The story goes like this:
Consider two salesmen each trying to sell ice cream to a population that is evenly
distributed along a beach, each of them trying to minimize the total amount of
travelling. From the planning and user point of view, the optimal solution would
be if two vendors locate themselves a quarter of the length of the beach from both
ends, thus each having half of the population as customers. This pareto condition is
not stable though, because a vendor realizes that by moving towards a competitor a
larger share of customer volume is achieved. Therefore, to maximize its sale, vendor
A decides to move next to vendor B and gets three-fourths of the sales volume. This
leads to successive steps of vendor movement which stabilizes in the middle of the
beach, where both vendors have equal shares, but customers have doubled their
average walking distance as follows.
Unstable initial stage:
aaaaaaaaaa aaaaaaaaaa

A aaaaaaaaaa aaaaaaaaaa cccccccccc cccccccccc C cccccccccc cccccccccc

Competition begins:
aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa

A C cccccccccc cccccccccc

Unstable competition stage:
cccccccccc cccccccccc cccccccccc cccccccccc cccccccccc

C A aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa

Stable final stage:
aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa

A C cccccccccc cccccccccc cccccccccc cccccccccc

As we have argued earlier, in urban systems the commonly agreed far-fromequilibrium thermodynamics behaviour is best explicable via such knowledge,
rationality and the activity of multiple, distributed decision-makers. This is even more
true when the initial conditions are more complex than in our simplified example.
Due to the inevitable bounds of rationality,238 the seekers of urban activities do
not aim at any fixed equilibrium. The only possibility for agents seems to be to act
according to the local knowledge that can be acquired from their own perspective.
The limited knowledge in all levels tends to favour the use of heuristics rather than
rational optimisation in the pursuit of individual goals. This challenges the traditional
238
Fully rational behaviour requires three essential objectives, with no exceptions allowed in any
of them. Chadwick summarises the findings of March and Simon (March & Simon 1958) in saying; “A decision
maker must know all the alternatives, all the consequences and a complete utility-ordering for all possible sets of
consequences” to fulfil the rationality requirement. (Chadwick 1971/1978, 322). Simon had concluded that “(t)he
capacity of the human mind for formulating and solving complex problems is very small compared with the size of
problems whose solution is required for objectively rational behaviour in the real world or even for a reasonable
approximation to such objective rationality.” (Simon 1958, 198; cit. Chadwick 1971/1978, 324).
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planning acts trying to fix a certain state description of the future in advance. As
we saw in our example, the asymmetry of the catchment areas of vendors and
customers may potentially lead to interesting dynamics that are difficult to predict
or control. Seen from this first person point of view, a new disaggregate world of
time-geography and space-time measures is introduced.
Space-time measures are largely developed under the influence of Torsten
Hägerstrand’s seminal paper “What about people in regional sciences?”
(Hägerstrand 1970). In his text Hägerstrand called for regional scientists to recognize
that just as forestry is not about trees but about people, regional science is not
about locations but about people. Hägerstrand opened up a theoretical discussion
that included not only novel concepts such as daily prisms and bundling paths in
the space-time coordinate system, but also clearly indicated how different these are
when different modes of transport and immaterialized communication networks are
included. The opening up of an entire new bottom-up perspective was so vast that
even today there are many unanswered questions regarding their significance of
urban development.
According to Juval Portugali, Hägerstrand’s contribution has changed our
understanding of the city as such, and suggests an appraisal of the new context
with the name City of Daily Routines (Portugali 2000, 36). Portugali summarizes five
significant shifts from previous modelling that can be traced back to this paradigm
change, namely:
•
•
•
•
•

Seek for alternatives to representative statistical sampling
Discovery of the time dimension
Recognition of the characteristic mobility of individuals
The routinized ‘dance’ of everyday activity
The partial dominance of the urban environment for daily activities

Hägerstrand’s great innovation was that one can observe an individual without
falling into the trap of particularity, but in fact he even ends up recognising universal
disaggregate spatial behaviour. The following lengthy citation from Hägerstrand
explains this in a very concrete way:
“It was primitive economics to assume that banks should worry about the identity of coins. Is it
advanced or primitive social science to disregard the identity of people over time in the same
fashion? This is what we do in most cases when we treat a population as a mass of particles,
almost freely interchangeable and divisible. It is common to study all sorts of segments in the
population mass, such as the labor force, commuters, migrants, shoppers, tourists, viewers
of television, members of organizations, etc., each segment being analyzed very much in
isolation from the others. As one of my students put it, “we regard the population as made
up of ‘dividuals’ instead of individuals.” Of course, we cannot focus on every single individual
in the aggregate. We have to leave it to the historian to concern himself with biographies of
sample individuals. But on the continuum between biography and aggregate statistics, there
is a twilight zone to be explored, an area where the fundamental notion is that people retain
their identity over time, where the life of an individual is his foremost project, and where
aggregate behavior cannot escape these facts.” (Hägerstrand 1970, 9)

Bo Lenntorp, an associate of Hägerstrand in the Department of Geography at
Lund University, Sweden, strengthened the original space-time prism concept into
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the currently more commonly recognized Potential Path Spaces (PPS) analyses
(Lenntorp 1976). He also stressed that space-time prisms and their derivatives can
serve as a source of aggregate analysis in research done to improve the accessibility
of bus services, yet it was Harvey Miller (1991) who recognized the full potential
of space-time mappings in GIS environments (Figure 35). Potential Path Space
(PPS) is often represented as a geometrical construct, within which all of a person’s
potential activity takes place in a specific time interval. A projection of PPS to xyplane is sometimes called the Potential Path Area (PPA), which can be understood
as a person-specific indicator of the spatial extent of individual accessibility. It is
easy to see that the Heaviside unitstep function that Wachs and Kumagai used, and
which is written out in Eq. 2.52, creates a similar local sphere of accessibility as that
behind the PPA definition. More broadly speaking, each PPS construct also defines
a maximum area of accessibility that is linked to specific velocities of movement.
Therefore the mode of transportation also determines the maximum size of the
catchment area that cannot be exceeded within a PPS time-frame. A significant
addition to this was made by Lawrence D. Burns (1979), who included important
features such as the geometry of transportation network and non-uniform travel
speeds and modes in the same scheme.
It is easy to see that previous travel demands are not the only interactions that
are important for an urban region. PPSs are naturally often used in relation to trips
[Figure 35] Potential Path Spaces (PPS) and transport mode dependent Potential
Path Areas (PPA) (Adapted from: Miller 1991)
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from residence to work, shop or some other everyday activity, but a comparable
framework is found in trips from supplier to manufacturer, manufacturer to
wholesaler and wholesaler to retailer (Wilson 2000, 21). It is therefore not surprising
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that there is a great similarity with PPSs and the so-called demand cones of a market
area (Hoover & Giarratani 1984/1999, Chapter 4.2). The only real difference is that
prices that resemble the height of a specific cone naturally contain more than just
the costs of transportation. This connection is not surprising since there has been
an active research following Alfred Weber’s 1909 book Über den Standort der
Industrie and especially after its translation into English, Theory of the Location of
Industries, in 1928. Significant early contributions to locational analyses after Weber
can be found in Harold Hotelling (1929), Tord Palander (1935) and Edgar M. Hoover
(1937). Hoover’s analyses for more than two competing firms and later his book The
Location of Economic Activity were continued later, especially in the works of Walter
Isard, Melvin Greenhut and Willian Alonso in the 1950s and 1960s (Alonso 1964,
105; Wilson 2000, 132).
The common measures used in the analyses of PPS constructs are different area,
volume and shape indicators or various analyses of individual paths within a prism
(Lenntorp 1976, 19-37). It is noteworthy that with distorted space-time prisms it
is possible to avoid crude assumptions of origins and destinations that are typical
fallacies in the use of integral measures. Applications also include analyses of
multiple paths and time intervals and advanced analyses of alternative paths (ibid.
38-60). Generally speaking, all network-based analyses can be embedded into PPS,
and therefore used for disaggregate movement analyses. The main benefit of this
extended analysis network is that it rooted the concept of space/time convergence
into geography and changed the focus on the relationship between space and time.
Most notably the impacts of this are seen in changes caused by improvements to
transportation and communication means that have recently again become the
subject of major interest.
Despite the obvious advantages of space-time accessibility measures, there are
some substantial difficulties in applying them effectively. The first is that analyses
usually require very detailed data, which becomes a problem, especially in the case
of planning when trying to define the affects of accessibility on services that do
not yet even exist. Kwan also mentions their computational intensity and a lack of
feasible operational algorithms (Kwan 1998, 193). The last issue can be somewhat
resolved when it is realized that many aggregate measures can be used at the local
level by an explicitly defined degree of relationality of them. Unfortunately this is
often a source of inefficiency that also stresses the computation intensity of the
solution.

Bridging accessibility, centrality and hierarchy
Britton Harris, the grand old man of gravity modelling, quite recently made some
important remarks on the very nature of accessibility definitions that are not obvious
from previous examples. Harris states: “Generally, access is symmetrical: if A has
access to B, then B has access to A; however, its measurement may be asymmetrical.
Most common measures, scoring separation in space, define inaccessibility, or the
opposite of ease of access.” (Harris 2001, 16) Most characteristically, accessibility
measures are thus ‘disutilities’, and direct comparison of accessibility and utility is
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thus somewhat awkward. Therefore common accessibility measures are more like
a generic evaluation framework on which the usefulness of utility must be built.
An explicit criterion for an accessibility measure is how well it captures the essence
of relational influence. In Harris’s words: “Useful and meaningful accessibility
measurements provide a way to secure a synoptic view of locational qualities that
result from nonlocal influences.” (ibid.) In integral measures this is the averaged
or otherwise characterized proximity; in space-time measures it is the identity of
specificity or similar character that distinguishes it from mere averages. No matter
which approach we choose, the success of an actual measure is determined by the
entitation process.
One of the most difficult features of analysing accessibility in the context of
land use is that it seems to be ubiquitous. It is involved in planning decisions and
talk of social justice. It is involved in locational decisions through building costs,
transportation costs and costs of maintenance. It is involved in how we perceive
our surroundings and in frequencies of meeting family members. It is involved
in land and property values and rents. Yet examination and exploration of this
interconnectedness has been miniscule. Srour, Kockelman and Dunn (2002) vividly
describe this deep connection through a test with property-valuation and residential
location models:
“Access to jobs, retail employment, and park space were found to be statistically and
practically significant in both model types. They also exhibit relations of interest with land
rent estimates, which are computed based on normalized residuals of property-valuation
models. Such a connection has not been made so explicit before, and it suggests that rent
formulations may prove a valuable measure of access, since they track consumers’ willingness
to pay for location. The access may be to jobs, retail centers, parks, good schools, views, or
other amenities; it is all capitalized into rent through market bidding.” (Srour, Kockelman &
Dunn 2002)

This stresses that the nature of accessibility lies not in one ‘official’ definition,
but a generic mechanism of spatial interaction that allows additional value from
relational connections to the outer world.

2.5.3 How does accessibility shape land use?
In the light of the literature review, it has become clear that the concept of
accessibility has proved difficult to condense into a single unifying definition.
Currently there is no single ‘correct’ definition for it and several ad hoc definitions
seem to contain valuable interpretations, even though the calculation methods
appear disturbingly simplistic and similar. For example, the same gravity-based
function has been defined depending on current need as a measure or indicator
of entropy, topological structure, cumulative opportunity or social justice. Without
doing too much injustice to previous definitions, I believe we may safely conclude,
very generally, that only uniting features can be summed up in the following
definition. Accessibility in general is a property of space in which the relative benefits
of the surroundings are assigned entities through networks of connection. Therefore
we need to be somewhat more specific and define explicitly how this generic term
can be exploited.
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Indeed, not only accessibilities but also measures of them are like opinions – and
if you were to ask Harry Callahan,239 you would know that everyone has one. This
is especially true of the most specific and rigorous definitions, as with one of the
most influential developments for the concept of accessibility, the earlier explained
formulation by Ben-Akiva and Lerman (1979). They quite strongly attacked the
widely used formulation exp(- β C) of perceived cost by saying:
“While there in nothing intrinsically wrong with this general line of thought, it is clear
that the concepts of attraction and impedance as used in these measures are rooted in a
relatively naïve perspective on how travellers make decisions. This perspective has been
largely abandoned in more recent work in travel-demand modelling, yet for reasons which
are difficult to explain, the crude measures of accessibility persist.” (Ben-Akiva & Lerman
1979, 655).

The criticism is understandable in the context they have chosen, but the irony is
that the target was already quite different from the formulation of Hansen, at whom
it was aimed.
This example was chosen to exemplify the persistent aversion to the original
question of Hansen’s original aim in the accessibility definition that we take as a
guideline. In Chapter 3 I will focus more clearly on issues of accessibility from the
aspect of land use. The aim there is to find at least a partial answer to the original
(rhetorical) question posed 50 years ago by W.G. Hansen and hardly ever approached
since. Returning to the opening sentence of Hansen, we can confirm that the original
task has been crudely oversimplified. Hansen posed a clear problem saying:
“City planners have continually emphasized the far-reaching effects that accessibility has on
the development of land. The more accessible an area is, the greater its growth potential.”
(Hansen 1959, 73)

From these lines it is easy to see that Hansen’s attempt to define the concept to
describe the source of urban dynamics was immediately misunderstood and adapted
to a static descriptor of existing urban form.240 Therefore the tradition based on the
concept of accessibility as an opportunity is semantically closest to Hansen’s original
definition. Usually on a practical level, on the other hand, there is no real difference,
since the opportunities are evaluated from the set of existing workplaces, services
or other facilities. Therefore Hansen’s original aim to map potential for change is
completely forgotten in all the examples I have come across.
To strengthen the theoretical assumptions from Hansen’s perspective, we need
to take a closer look at the fixed constructs that are found in models of accessibility.
An important feature is found in the intermediate zone between traditional integral
and time-space measures of accessibility. A closely related concept to Potential
Path Areas (PPA) is the concept of travel probability field (TPF) of Yacov Zahavi
and enables this connection. The TPF concept was first introduced in Zahavi’s The
Unified Mechanism of Travel (UMOT) project (Zahavi, 1979) and the work was
later continued by Beckmann, Golob and Zahavi (1983). TPF can be described as
an estimated standard deviation ellipse based on the centroids of origin and visited
239
240

The character in the film “The Dead Pool” (1988) played by actor Clint Eastwood.
Again a prime example of how a problem of growth turns into a solution of allocation.
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destination zones of households during a single day. It is therefore easy to see its
resemblance to the constructs of time geography studies in Lund University.
The significant theoretical contribution of Zahavi’s UMOT is the notion of personal
travel time budgets. Kirby (1981, 1) notes that even though UMOT is probably the
best known example of constant travel budgets, it has actually been a transportation
issue since J.C.Tanner’s paper “Factors affecting the amount of travel” (Tanner 1961).
A personal travel time budget is usually referred to as a hypothesis with strong and
weak forms. The key idea is that despite the varying monetary resources available
for transport and the wide variation in daily travelling distances, there seems to be
a fairly similar time budget for individual daily travel. The strong form that is often
associated with Zahavi’s UMOT states that this budget is constant, while the weak
form could be described in P.B. Goodwin’s words:241 “the total time spent on travel
is probably not constant (though it is considerably more stable than some other
indicators).” In a recent summary based on some 30 travel surveys by Schafer (2000),
a rough stability in travel demand and other strong regularities in the budget were
found. Schafer also reports that the often suggested 1.1 hours per capita per day
may underestimate the average time (ibid. 9), which also supports the weak form
of hypothesis.
The concept of constant travel time budgets has particularly damaging effects
on the traffic planning tradition. The criticism has such significant implications for
practices that it ought to change transportation policies for three significant reasons.
Goodwin reports them as follows (Goodwin 1981, 99):
1.
2.
3.

Up to three quarters of the measured benefits of transport schemes may consist of
time savings.
By extension, the argument also applies to money savings (e.g. on petrol, etc), if the
money expenditure on travel is constant at a point in time, or for a certain group of the
population.
If the logic is valid, the same criticism would also apply if time or money budgets were
not constant, but only a proportion of the expenditure saved was ploughed back into
more travel; that proportion should then be subtracted from the savings to be valued.

These arguments are usually neglected on the basis of other existing economic
evaluations that are based entirely on the assumption that saved money and time
are used for an alternative purpose that brings some unstated utility for travellers or
business in general (ibid. 100). The approach defended in the present study is based
on the same potentially reallocated utility and since we are not confined to a static
land use assumption and understand that this potential reduction of undetailed
transport-based utilities may be compensated with land use-based utilities, we
can incorporate the travel time budget assumption into our analyses without a
burden from either conventional transport or planning policy. Therefore changes in
accessibility in general are seen as a direct cause of land use adjustments.
This proposed regularity, if accepted, also has a major influence on spatial
interaction models. Goodwin notes that the observed accessibility factor exp(- β C)
contains parameter β , which is often understood as a behavioural constant or, as
Ben-Akiva and Lerman (1979) call it, the scale coefficient is therefore of lower order
241

Cited in Gunn (1981, 21).
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than the budget constant and must be abandoned in its common usage (Goodwin
1981, 98-99). The consequence of this is that this common constant must be
understood as a product of generalised cost and must be adjusted according to the
changes in utility and other forms of impedance functions may be used instead.
This alters the general notion of travel probabilities considerably and levels the
commonly constantly held parameter with a general understanding of effects of
transport242 in forecasting usage. Goodwin sees the potential spatial outcome of this
novel budget constraint extremely clearly. In a note on the SIM parameter C, which
contains the fixed total amount of trips in a system, he states:
“A few writers and a larger number of practitioners have misinterpreted the role of this
constraint, believing that the model automatically maintains a constant C even when the cij
s are changed. This is not so. Consider what happens as the cost per mile tends towards zero
– the pattern of origins and destinations become increasingly random. At zero cost, there
will not be an infinite average distance, but one based on the average distance between
randomly paired origins and destinations.” (ibid. 98)

This sounds much like an image of metapolis at its remotest extreme.
*****
Since the formalization of Spatial Interaction Models, Alan G. Wilson has
accomplished the significant work of rewriting several significant descriptive models
of classical urban theorists in the same family. A brief summary of the work will be
found in Wilson (2000, 118-151). The discussion in this chapter covers several of
these issues, but we have used SIMs especially to explore three different instances
of centrality:
•
•
•

In discussions of SIMs formalities we relied on a process description perceiving
centrality as a structure;
In discussions of dominance regions and catchment areas we transformed a process
description into state descriptions perceiving centrality as form (region around pointlike entity);
In discussions on accessibility measures and distribution we counted on state
descriptions and perceived centrality as a pattern.

Unfortunately none of these suffice as an explanation for emergent centre
structures, since centrality in all these cases is an exogenous variable (defined outside
the model). Accessibility is central in all these concepts and these will be combined
242
To get a sense of the cumulative effects of travel probabilities consider them in comparison with
standard assumptions on the potential implications of transportation changes as reported by Huff (1961):
•
Offerings implications: “Consumers will show a willingness to travel further distances for various goods and
services as the number of such items available at various locations increases”(ibid. 21)
•
Cost based implications: “The anticipated costs of transport, time and effort involved in preparing for, as well
as making the trip, and other opportunities that must be gone, tend to bring about a contraction in travel
distances.” (ibid. 21)
•
Implications for consumer groups: “Consumers of higher economic status will travel further for shopping
purposes than consumers of lower economic levels.” (ibid. 26)
•
City side implications: “The greater the density of the population of the city, the greater is the friction
of distance and, therefore, the shorter will be the distances that consumers will travel in making their
purchases” (ibid. 26) (see also: Carrothers 1956, 97).
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in the final chapter on disaggregate level to create an enhanced understanding of
the ongoing urban restructuration process.
Due to the complexity of real urban centres, it is unlikely that any analytically
solvable solution to this process that I have chosen to call metapolization will be
found. Formalizations suitable for graphical or numerical testing are equally difficult
to find. Wilson and his contribution with Tim Poston have made an interesting
theoretical overture in this direction. In an article by them (Poston & Wilson
1977) they proposed a double component utility definition, where confronting
requirements of attraction by the size of a facility and repulsion by distance travelled
plays a role in defining optimal facility size. They set out from a conventional
Lakshmanan and Hansen shopping model,243 where shopping expenditures, Sij , are
modelled as:
Eq. 2.55		

		

α
Sij = Ai ei PW
i
j exp(- β cij ) , where



Ai =  ∑ Wjα exp(- β cij )  is the balancing factor,
 j


Su the average per capita expenditure, Pj the population of zone j and Wj the
size of a shopping centre in j. After the addition of an arbitrary benefit function the
model can be rewritten244 in the form:
δ


Sij = Ai ei Pexp

 exp(- β cij )
i
 1+ γ exp(-ε Wj )  
By so turning accessibility to utility in a more complex manner as the standard
assimilation, we realize that scalar issues are implemented in the form of Rene
Thom’s fold catastrophes. The work was continued by Wilson and Oulton (1983),
where more concrete references to food retailing transition from corner-shops to
supermarkets was made. Wilson himself seemed to be convinced that this relatively
sudden and internationally pervasive phenomenon is a result of an equivalent
balance change in interdependent attraction and accessibility variables (Wilson
2000, 72).
Moreover, with slightly different equation settings for shopping a model,245 Wilson
and Bennett (1985) were able to run a numerical simulation in which a gradually
changing parameter for various groups of centres emerged on the simulation
plane (Figure 36). The structure of the overall pattern varied from monocentric to a
collection of multicentres in the same systematic way that is familiar from the classic
Eq. 2.56		
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See Equations 2.8 and 2.10 for details of the model, and Equation 2.51 for the impedance function.
244
The derivation of the model, which is beyond the scope of the present study, can be found in Poston
& Wilson (1977, 684-685).
245
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central place theories of Walter Christaller and August Lösch. This finding enforces
Wilson’s key idea for complex spatial systems modelling that “scale is a form of
hierarchy and clarity of vision in this respect is critical” (Wilson 2000, 3).
Keeping in mind our earlier definition that hierarchies are examples of emergent
structures resulting from
complex interrelationships,
we can move from the selfreinforcing logic of transportsystem hierarchies to a
broader context and close
the chapter with a parallel
example from ecology.246 In
ecology, where a creationist
approach has been accepted
and mainly replaced by
evolutionary
approaches
much earlier than in the field
of urban planning, some
restructured understanding
may be found for the basis of the hypothesis. It has been suggested that interlinked
problems of hierarchy, scale and agglomeration, that are likewise recognized in
economics, are deeply rooted in systemic thinking. A common notion is that as
systems become more elaborate and complex, their macroscale behaviour becomes
simpler. Pattee describes this interconnection of hierarchy and complex organisation
by saying: “Deep hierarchical structure indicates elaborate organization, and deep
hierarchies are often considered as complex systems by virtue of hierarchical depth.”
(Pattee 1973) Richard Levins and Pattee have further suggested that the increasing
complexity evolves into self-simplification that can be observed in emergent
hierarchies (Levins 1973; Pattee 1973b). This is because lower level entities lose
degrees of freedom in the process of complexification, and eventually the upper
system level imposes constraints that lead to particular characteristic behaviour.
Levins recalls that “The dynamics of the system itself and the action of evolutionary
forces on populations of such systems produces structure, merges some subsystems,
subdivides others, reduces total connectivity among parts, gives spontaneous
activity, and organizes hierarchy.” And he concludes sharply: “Confusion evolves
into order spontaneously.” (Levins 1973, 127) This analysis of degrees of freedom
on the lower level of urban systems is exactly our orientation when observing the
accessibility patterns of the urban landscape and where we try to find traces of
metapolis from within in the final chapter.

246
From the years when ecology was commonly known as a systemic science, not a political alternative
everyone agrees on but acts against.

[Figure 36] Emerging centrality patterns of a SIM-based shopping model
with varying parameters α and β (Source: Wilson & Bennett 1985).
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[Figure 37] Image of Paris from the period when the medieval urban order was about to
give way to the first modernism (Source: Bacon 1967, 181)
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Further derivations and empirical findings
“If everything occurred at the same time there would be no development. If everything
existed in the same place there would be no particularity. Only space makes possible the
particular, which then unfolds in time. Only because we are not equally near to everything;
only because everything does not rush in upon us at once; only because the world is
restricted, for every individual, for his people, and for mankind as a whole, can we, in our
finiteness, endure at all. The extent of this horizon differs, of course, from man to man. But
in economic affairs, as in all other affairs, our ken is limited for acting intelligently and for
finding our way through the complexities of life. And even within this little world, we are
familiar with no more than its innermost circle. Depth must be bought with narrowness.
Space creates and protects us in this limitation. Particularity is the price of our existence.”
(Lösch 1940/1967, 508)

The opening citation from August Lösch conveniently concludes the essential
challenges of the lengthy discussions in Chapters 1 and 2. The modelling tradition
has for a long time been blind to several of these features, such as particularity,
folding in time, complexities, and spatiality. Over the past decade new modelling
tools have become available, many of which only appear in desktops of researchers
and a few Young Turks of practice.
One of the best known computer-aided analyses methods in urban planning
and design is the work by the so-called Space Syntax group in UCL, London. It may
be a surprise to some that the work accomplished bears great similarities with
the urban modelling tradition discussed earlier in Chapter 2, and often the most
recent common denominator is found in Kansky (1963), which dates back nearly
50 years.247 In the following I will take a critical look at space syntax and juxtapose it
with the more generic theme of accessibility discussed at the end of the last chapter.
Despite the criticism that this short overview exaggerates its short-comings for the
purposes of the present dissertation, it is probably not too confessional or partial
to call it the most advanced and comprehensive toolbox for urban morphological
analyses. But like tools in general, they are suitable for certain uses with limitations
left unexplained, which often seems reason enough to apportion false blame. Thus
the criticism here should be seen rather as a constructive than a destructive view
from outside.
Chapter 3 is based on a series of conference papers I wrote or jointly wrote, which
explored a dialect of space syntax that gave the insight for the critical evaluation of
its theoretical background. The following eight papers and three research reports
contain the corpus of original development by Joutsiniemi (2002, 2003a-f, 2004,
2005a-b) and Joutsiniemi & Michaeli (2005), but are left mainly uncited in the
following in order to keep a text already packed with references more readable.

247
In Finland some early discussion on generative features of road network structures can be found in
Vuoristo (1977) and Kansky’s work was also shortly revisited in Bon (1979).
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T

he orientation of the Space Syntax group is focused in its work on various
implications blossoming from the underlying spatial configuration. Space syntax
is a set of methods for analysing the structure and form of human settlements
and is most notably recognized from so-called axial analyses. A commonly recognised
starting point for Space Syntax is the publication of The Social Logic of Space by
Bill Hillier and Julienne Hanson in 1984. It truly seems a perfect text for a founding
of the school of thought, since it created its own vocabulary, seemingly out of the
blue, for aspects of phenomena of spatial interaction that many recognise but do
not know the proper words for and encloses all in a mixture of convincing algebraic
logic, but hides its target of analysis, “the small French town of G”, in a deliberate
enigma.248 One cannot avoid certain semi-religious aspects, that include things
like the method of space syntax pedagogy (Vaughan et al. 2007) with instructions
on how to draw axial maps properly, and the purposefully rich abbreviation and
naming conventions249 would need an explanatory sheet (Klarqvist 1993). Further,
they often developed their work in one-to-one discussions and only passed into the
community in biannual symposia and, finally, significantly refer to each other’s work.
Much of these discussions can be understood as a natural consequence of a rather
small research staff and large expectations regarding a unifying theory of space that
was of significant commercial value and brought respect to the team.250 Therefore it
bears some resemblance to earlier gravitation modelling that in its most dogmatic
period was accused of seemingly required incubation rituals, awed dark priests and
inhuman superior knowledge.251
[Figure 38] A common rotated space syntax perspective of the hilltop town of Gassin in an aerial photograph in Google Maps

248
It is later on confirmed that the town is Gassin in Provence, Southern France (Figure 38).
249
Consider J-graph, y-map, D- and P-values, Type A, B, C and D spaces or alpha and gamma analyses, etc.
250
See: http://www.spacesyntax.com/en/projects-and-clients.aspx
251
It is interesting that even today in academic circles among architects it is perfectly acceptable to
confess to major innumeracy, but illiteracy to art is considered outrageous.
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Like any school of thought, space syntax has its precursors. And the morphological
background of Space Syntax rests loosely on the M.R.G. Conzen tradition of British
urban morphology and later on in works of the Cambridge school,252 most notably
on M.J.T. Krüger and on J.P. Steadman, which are in fact inseparable from the early
space syntax core. Many of the established background texts of space syntax are
of a philosophical nature, and clearly aiming at a redefinition of architecture and
planning with a special character to stress the generative nature of space itself.
This clearly originates from Bill Hillier. He outlined the character of space in 1973 as
follows: “Newton’s ‘ether’ linked the parts of space together so they could work as a
machine. A machine is essentially spatially unified.” (Hillier & Leaman 1973, 509) The
request then for an alternate philosophical base for architecture is even clearer in a
call for a ‘structuralistic’ “paradigmatic substitution of logical space for spatial space”
(ibid. 510). It is tempting to take a view that these early words pin down a specific
world view and anticipated253 the title of his opus magnum and second milestone of
space syntax, Space is the Machine, two decades later.
Throughout space syntax we find a decidedly Aristotelian world view in which the
ideas are inseparable from their physical existence. A common philosophical critique
is often pointed towards this mechanistic man-environment paradigm, without
paying too much attention downstream to the analysing principles themselves. It
is true that the major surprise to many readers is that a key text, The Social Logic
of Space, seems to do equally injustice to Social, Logic and Space: the social aspect
is materialized, logic is superfluous and space is, well, lines. An explanation for
this can be found, for example, from the text “Creating Life, or, Does Architecture
Determine Anything?” (Hillier et al. 1987b), which was built around the question
how architecture is at the same time a dependent and independent variable of
human behaviour. Writers argued that space syntax is a suitable tool for analysing
the spatial dependencies, or the pathology of space, which may in turn lead to
pathological social characteristics, which we may paradoxically observe as the failure
of ‘architectural determinism’ (ibid. 234). Spatial pathology can naturally have
a positive side and the correlation found between axial map integration and real
traffic behaviour in several test areas was the first strong evidence of the significance
of the layout of the street network.
In the early text “In Defense of Space”, where Hillier (1973) attacks Oscar Newman’s
newly published book Defensible Space, we can in fact seen all the elements that
are necessary to understand the later development of space syntax.254 The most
prominent is Hillier’s attitude against the society of surveillance and in favour of
urban structures that support social control.255 In 2001 an already institutionalized
252
The school was officially known as the Centre for Land Use and Built Form Studies, and was founded
at the University of Cambridge in 1974. In 1973 the Centre was renamed the Martin Centre for Architectural and
Urban Studies (O’Sullivan 2000, 74-78).
253
Even though the precise wording is from Nick Dalton (Hillier 1996).
254
There is not much real documentation of the early years of space syntax to be able to critically
evaluate or even document the sources of inspiration and theoretical background other that what can be found on
the basis of references in academic papers. One interesting piece is a discussion thread containing posts from Bill
Hillier and Alan Beattie to the Space Syntax group mailing list between 30th January and 3rd February 2004 found
at: [https://www.jiscmail.ac.uk/cgi-bin/webadmin?A2=ind04&L=SPACESYNTAX&T=0&O=D&P=13307].
255
Therefore, it is ironic in the extreme that one of the major groups of space syntax fanatics comes from
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founding member concluded the prospect of space syntax as follows:
“First of all there are certain invariants between social forces, which drive the process of
settlement aggregation. Second, there are autonomous spatial laws that govern the effects
of spatial configuration by partitioning the space via placement of urban objects. These
principles that Hillier calls Space creating mechanisms are outlined in his article ‘Cities as
movement economies’. (Hillier 1996b)” (Hillier 2001)

30 years earlier the essentially same preamble had been somewhat more laconic
and uncertain:
“Too many stairs and back doors make thieves and whores. (Sir Balthazar Garbier: 1663)”
(Hillier 1973)

A certain kind of summary of this architecture philosophical investigation is found
in Hillier’s Space is the Machine, which is far too personal and imbalanced with
pragmatic space syntax techniques to really make a textbook. On the other hand,
it is a fine explorative journey to non-discursive techniques and preliminaries of
spatial complexity that can (with significant violence) be crystallized into a concept
of configuration (Hillier 1996, 96). This same configurationality is, after necessary
changes, the same that I chose earlier in this text to call relational space after the
Harveyan triad.
To me one of the major intellectual conclusions from the two-decade long
research of Space Syntax that can be seen as a direct derivative of spatial pathology
is the notion of natural movement (Hillier et al. 1993). Definitions have been
proposed for this concept on the basis of the attraction component of a street
layout; i.e. it “is the proportion of urban pedestrian movement determined by
the grid configuration itself” (ibid. 32). This is not to say that the street itself is a
major point of attraction,256 but instead that the configuration guides agents’ route
choices by channelling movement. Hence the possible determinism of the layout is
defined by the configurational properties that either enable or surpass alternative
movement patterns, or if you like, spatial practices. Since no functions or activities
are involved in this argumentation, the only profound restriction for this idea to
sufficiently work is that an urban system be in a state of equilibrium or close to it,
so the allocated potential of morphological configuration has had time to adapt to
local characteristics.
Hillier’s slightly later ideological construction of cities as movement economy
draws upon this very same principle. The theory “proposed that evolving space
organization in settlements first generates movement patterns, which then influence
land use choices, and these in turn generate multiplier effects on movement with
further feedback on land use choices and the local grid as it adapts itself to more
intensive development” (Hillier 1999, 108). This description bears great similarities
to the Caniggian perspective of a route257 as a primary nominator, or at least an
the field of crime mapping. The difficulty lies in real-life applications of analyses that have their own intentions. For
example, the isovist analyses allow the visibility analyses to be used for visual surveillance and the placement of
CCTV cameras (Rana 2006, Rana & Batty 2004), which is quite opposite to Hillier’s original aim (Major et al. 1999).
256
Which may also be true, but from our perspective this case is considered as a misleading definition of
the agency of attraction. For more detail see Basic Definitions Section 1.1.
257
See Section 1.2 for further discussion.

enabler, of urban evolution. The great contribution of Hillier’s team has been that
in recent decades configurations have largely been seen to be regenerating instead
of suppressing urban life. To recapitulate, the true impact of configuration, Hillier
argues, is that this principle of configuration need not discount the obvious role of
economic and political factors in the development process, “only that these factors
work within the constraints and limits set by the fact that centrality is a spatially-led
process” (ibid.).

If one important contribution of the Space Syntax group is in the requirement to
broaden architectural philosophy, a potential philosophical point of misunderstanding
of methodological preliminaries is hidden elsewhere. The introduction of ‘syntactic
generators’ (Hillier & Hanson, xii) as a foundation of work unnecessarily raised the
space syntax method into a creative, instead of observing, position. Keeping in
mind the strong impact of Noam Chomsky’s theory of transformational generative
grammar and the even earlier findings of Claude Shannon258 in the field of information
theory, it is understandable that the language served as a suitable metaphor for
these novel ideas for space. But in fact there is no real reason why a space should
have a syntax at all, and argumentation therefore is subject to Lefebvre’s Lacanian
critique as “it assumes the logical, epistemological and anthropological priority of
language over space” (Lefebvre 1974/1991, 36). This is, mutatis mutandis, suitable
even in this metalevel sense of the language of language of space. Interestingly, I
assume this is exactly what was in the minds of the founding group in their early
texts: spatial practices follow a logic of their own, and need no metaphorical jump
to start with – possibly not even the term space syntax.
It is easy to entangle semantics here, but nevertheless it is important to remember
that in space syntax theory there really is nothing to back up the assumption of
the syntactic priority of the proffered methodology. Despite the philosophical
reasoning, the application is no more than its methods. Therefore, in space syntax
argumentation there are easily the same aspects as Emmeche and Hoffmeyer have
found if nature is observed as a language (1991). Even though I cut this discussion
short here, it could easily continue without either accepting or rejecting the idea
258
Most prominently this is seen in measures of difference factor in the text “Ideas are in things”, where
axial map integration values are incorporated with Shannon’s H-measure (Hillier et al. 1987, 365).

[Figure 39] An axial map model view of Gassin in desktop mapping
software (Source: http://www.vr.ucl.ac.uk/research/axial/)
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of space as language or a language-like construction. Only a slight but definitive
movement from strictly spatially determined concepts towards the definition by
potential usage is required.259 This is only because there is nothing to bridge the
gap between analytical methods and their explanation, which is common in any
modelling work. From a model point of view, too strict an interpretation leads to
nihilistic assumptions about the theory of space syntax containing instructions, but
failing to explain what these instructions are for.
In the following discussion I am not interested in whether space actually is
language or something else, but focus instead on the practical side of space syntax
theory: what is being evaluated and by what means? From the analytical point of
view, it is important to stress again that the modelling decisions in space syntax
analyses are twofold: entitation and quantification – and the rest is just cover stories.

3.1.1 Axial maps as a disaggregate analysis of
accessibility
The flash of genius in space syntax methods was to bring two distinct processes of
graph generation and graph evaluation into a computer assisted environment260 in
the early stage of the theoretical development in the 1980s. For several years these
tools, developed with the then existing resources in mind, have dominated space
syntax analyses. The late 1990s can be seen as a turning point when the limitations
of existing techniques became obvious and new ones started to emerge. Since the
most traditional and still popular form of space syntax entitation is based on axial
lines and quantification based on integration, I start the further exploration there.
In space syntax the key inspiration for graph-based research comes from the
Cambridge school, and the following text by Leslie Martin in the opening essay “Grid
as a generator” from a 1972 Cambridge publication, Urban Space and Structures,
gives a clear insight into the purely theoretical themes that later nested around the
journal Environment and Planning and later exerted a major influence on the space
syntax team.
“The grid of streets and plots from which a city is composed, is like a net placed or thrown
upon the ground. This might be called the framework of urbanization. That framework
remains the controlling factor of the way we build, whether it is artificial, regular and
preconceived, or organic and distorted by historical accident or accretion. And the way we
build may either limit or open up new possibilities in the way in which we choose to live.”
(Martin 1972, 10)

From this it is easy to see that the intrinsic motivation is the same as in the space
259
A Wittgensteinian stance would probably not be a question of requesting meaning, but asking for use.
260
This turn was far more important than as it might seem today. At least significant benefits were
achieved almost immediately if compared to other branches of morphological studies: the first one was that
computation techniques allowed analyses that are far more complex than those that can be done manually.
Secondly it enabled researchers to share, combine and modify previous analysis data. And third, and possibly
most significantly, it allowed speculation with multiple hypotheses in entitation and evaluation that eventually
formed an evolution process of their own. The evolutionary approach is currently understood as a sophisticated
and acceptable notion for trial and error procedures. Looking back on the potential measures outlined in The Social
Logic of Space, it is easy to see that “only the fittest survived”.
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syntax relation. The slight difference is that for space syntax the concept of the
deformed grid has from the beginning261 been the main target for tools development,
especially axial and convex space analyses that allowed the assimilation of indoor and
outdoor spaces into the same framework. The easiest explanation is that it simply
works best in these arrangements,262 and those configurations are also the ones in
which the location of the actual centre is not always obvious before the creation of
axial representation. Therefore the approach of the Cambridge school was more
a general attempt to bring together the various perspectives in the town-planning
scheme through accurate analyses. Martin continues extending this imperative:
“The understanding of the way the scale and pattern of this framework, net or grid affects the
possible building arrangements on the land within it, is fundamental to any reconsiderations
of the structure of existing towns. It is equally important in relation to any consideration
of the developing metropolitan regions outside existing towns. The pattern of the grid of
roads in the town or region is a kind of playboard that sets out the rules of the game; but the
players should have the opportunity to use to the full their individual skills whilst playing it.”
(Martin 1972, 10)

I already mentioned some truly novel ideas of space syntax that reach to the
foundations of architecture and the formation of urban space, but despite these
accomplishments one cannot simply bypass the commonly heard accusations that
there really exists an asymmetry between high-flying theoretical talk and grossly
simplified analyses. This potential source of discontentment can mainly be traced
back to the nature of graph theory that at first glance is simplicity in itself. From the
graph theoretical point of view, measures commonly found in space syntax are simple
(e.g. depth, D), if not trivial (e.g. control value, E).263 But from my perspective, this is
the very important feature of space syntax that most of the so-called enhancements
only end up blurring.
To understand this power of simplicity, a few words on the ground theory are
necessary. I assume no talk of graph theory should be started without reference
to Leonhard Euler and the Prussian city of Königsberg in 1736.264 These are
commonly agreed facts for the beginning of graph theory and, more broadly,
topological analyses. These developed quite slowly during the first half of the 20th
century into an applicable form of the theory of random graphs. In spite of this, it
immediately found its most obvious followers in the analyses of flows. For instance,
traffic planning has successfully implemented the graph theoretical approach into
a discipline following the manner in which the foundation was laid by Paul Erdös
and Alfréd Rényi by the late 1950s. The abstract nature of graphs seems suitable
for the representation of equally abstract social relationships and some significant
contributions can be found in sociological research. Several technical approaches
from sociology (e.g. Bavelas 1951; Harary 1959; and Freeman 1977) have been
founded on this basis. Despite the simplicity in the level of single nodes and linkages,
261
See, for example: Hillier & Hanson (1984, 90), and Hillier (1999).
262
Ratti (2004a) criticized this feature of theoretical failure in regular lattices, but in their rejoinder Hillier
and Penn swerved by arguing that “in practice such grids do not occur” (Hillier & Penn 2004). For further discussion
see also Ratti (2004b).
263
The collection of ‘original’ space syntax measures can be found in Hillier & Hanson (1984, 97-123).
264
I.e. modern-day Kaliningrad (or Калининград) in Russia
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some more advanced findings fell outside this framework. These were, for example,
the studies by Mark Granovetter and Stanley Milgram on the so-called small world
phenomenon, whose graph theoretical significance was only fully understood very
recently (Barabasi 2002) (A more detailed discussion on principles will be found in
Appendix 6).
Graph theory is essentially the study of mathematical structures where pair-wise
relations (called links or edges) of objects (called nodes or vertices) join to form a
larger representation called a graph. Watts has described graph theory intriguingly
in its significance by recalling: “Effectively a branch of pure mathematics, graph
theory can be divided roughly into two components – the almost obvious and the
utterly impenetrable.” (Watts 2003, 69) The graph has made a good candidate for
the simplest set of entities behind the complexity phenomenon: it is usually very
difficult to decide exactly at which point the local characteristics end and global or
collective features begin. From the modelling perspective developed in Chapter 2,
one can only appreciate the early formulations of space syntax, where the entire
collective phenomenon of centrality is a result of combining dumb entities. It is all
but obvious that emergent properties overrule the simplified connections without
loading them with overwhelming information of existing urban conditions. In my
understanding, the primary choice not to add additional properties to the basic
graph representation is the main reason why axial maps potentially help in ordinary
planning tasks. It is clear that when adding additional information to a graph the
result is a higher correlation value. This approach can be seen, for example, in Krafta
(1994, 1996) and in Ståhle et al. (2005). From the planning point of view, more
important than creating an accurate picture of the present state (which is already
observable out there), is to have a sense of a potential future. In this, all unnecessary
loads with non-stable characteristics, such as several features of land use, are in fact
significant issues and make the picture haphazard. In sticking strictly to the pattern
of open urban space, axial map analyses have remained virtually the only form of
analysis that can derive any advanced information from the morphological aspects
of street patterns that have proven remarkably stable over the centuries. This does
not mean that axial map analyses should be accepted as such, but I want to address
the critique deeper into preliminaries of this analysis frame.
In space syntax the graph representation is a dual graph. Duality is a logical
property of all geometrical objects, so every graph has one too.265 It is a
direct derivation of any primal representation, and therefore retains essential
characteristics of it. The solution for creating a dual graph is trivial: {vertex ó edge}
or, more algorithmically: 1.) Make a dual vertex from a single point on a primal edge,
and 2.) Connect these newly created dual vertices according to their corresponding
primal edge connections in its vertices (Kappraff 2001, 125-127). Technically
speaking, in axial map analyses the axial lines are hence considered nodes, while the
line intersections represent linkages. This manoeuvre does not make any significant
difference in space syntax analyses, even though Porta et al. (2005, 2006) seem to
265
A more complex dual construction than that found in the examples included here was discussed
earlier (see Section 2.3.3) in regard to Voronoi (Thiessen) polygonisation and the so-called Delayney triangulation,
which are each other’s dual maps.
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claim a difference in separating primal and dual approaches from each other.266 The
reason for neglecting this minor difference is simply that the used quantification
methods aggregate data considerably and blur the minor half linkage shift that could
make a theoretical difference. A more detailed description of the nature of space
syntax graphs is unnecessary for the present study; but a more in-depth discussion
on axial map characteristics can be found in Cerdeira et al. (1996), and an alternative
formulation on primal basis in Batty’s formulation in the “new theory of space
syntax” (Batty 2004), which formalizes the approach used, for example, in Jiang &
Claramunt (2000), Cutini et al. (2004) and Ståhle et al. (2005).
The vast amount of important but also diverse and sometimes uncritical work267
has been noted within space syntax, and on the other side there is an equal amount
of seemingly wilful misunderstanding related to the catchy name. So it is clearly
worth delineating how the term is substantiated on the analytical side. Space syntax
has proven efficient in certain analyses, especially those related to pedestrian
movement and classifying types of urban networks (Hillier 2002). The following
discussion tries to pick up on things that do not seem satisfactory or have been
inadequately explored. From the point of view of the dissertation, the aspects I
wish to follow are related to scale, vehicular movement and connections to other
modelling traditions. Due to varying branches of current development that have not
yet become fully established, some shortcuts are needed, while at the same time
hoping that not too much injustice is done to any ongoing individual work.

Entitation and graph generation of axial maps
Axiality as such is a well-documented feature in the history of urban planning
(see, for example, Bacon 1967 or Kostof 1991 for general discussions), but the
implementation of space syntax does not come directly from this tradition. In space
syntax the starting point is far more practical and related to modelling. It provides
one simple linework-based solution to the following problem: how can continuous
space be represented graphically? (Hillier & Hanson 1984, 16, 90). In that sense it
is almost completely ahistorical and, in fact, not easily comparable with discussions
of axiality in the history of urban planning. As already mentioned, the best-known
applications of space syntax are axial map analyses, but it is important to stress that
this is not the entire contribution of the school to morphological analysis. At the
beginning, work was more easily comparable with other morphological traditions
(see, for example, ibid. 52-66, 82-90, 242-261) on which the quantitative framework
was built.
266
This difference between primal and dual graphs is often exaggerated on the basis of data availability.
See, for example, Crucitti et al. (2006). This is generally not a problem since the entitation in GIS databases is based
on linework and it is up to the quantification algorithm design to decide whether the street line is interpreted as a
node or link, i.e. whether a dual or primal approach is implemented. In this space syntax criticism the true target is
actually often the entitation principle rather than the duality or the primality of the graph representation.
267
Especially suspicious are some documented correlations, such as those collected in Teklenburg et al
(1997). It is very typical of this field that larger cross comparisons of different indicators are seldom made, and the
final evaluation of any modelling success is based on the correlation values achieved. This is sometimes misleading,
since it is characteristic of the spatial statistics that the theoretical correlations and significance tend to be high due
to the typically large sampling size and the vast size of datasets in general.
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From the perspective of current axial map analyses, the main storyline of The
Social Logic of Space follows the development of settlement layout analysis, also
known as alpha-analysis. As a result, the axial divisions are far more systematic
than in the discussions of axiality in urban planning in general. But systemicity
does not mean rigorousness. The physical space between buildings is considered
as a beady string structure, where ‘beadiness’ is defined as a property having to
do with the extension of space in two dimensions, whereas ‘stringiness’ has to do
with the extension of space in one dimension (ibid. 91).268 The abstract property
of ‘stringiness’ is presented as an axial map, whereas ‘beadiness’ is presented as a
convex map. The analysis is done on the basis of the interrelation of these units. The
great benefit of these methods is the rejection of specific generators and attractors.
Instead, complex connections run from every location to everywhere else via a
network. The structure itself carries implicit information about the birth and survival
of spatial conventions in a manner that reproduces its process of formation.
This profoundly relativistic downstream of method also easily masks the
preliminary entitation process, and is also the source of a commonly known vague
definition of axial map as a product of the longest and fewest axial lines. By doing
some rereading and looking carefully at the early years of space syntax, it is easy to
see that the meaning of the concept of axial line has in fact changed considerably.
For example, in The Social Logic of Space the notions ‘line of sight’ or ‘vista’, as the
axial line is currently often called, are missing completely.269 The original focus was
characteristically on ‘urban cells’ and the division of continuous urban space into
room-like ‘beads’. Axial lines were originally simple connectors providing a route
between them. The challenge then became how to focus analysis: “the answer
to the representation problem lies not in identifying what is a bead and what is
a string, but in looking at the whole system in terms of both properties, or rather
in terms of each in turn.” (ibid. 90) Therefore, by following the original definition,
proper axial lines should contain essential characteristics of space and its outward
connections. Hence, from the current perspective, axial lines are best understood
as a combination of two important characteristics, visibility and permeability,
into a single entity (Krüger 1989). Axial maps are most conveniently explained as
constituents of these two features and, therefore, fully abstract constructions in the
original formulations.
A more consistent explanation will be found in the nicely compressed wordings
of Alan Penn, which seem to cover the analysis method:

268
Note the similarity with Cerdá’s profound dualism of viality and habitability. For more detail see
Section 1.4.1.
269
The notion of ‘visibility’ has been present from the beginning, though not particularly emphasised.
A definition of ‘convex space’ includes the factor that all points within that space are visible from other spaces. In
Hillier et al. (1983, 50) one can find an explicit statement: “an axial line will extend as long as at least one point is
visible and directly accessible from it.”
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“(T)he effect of the axial map in which the fewest and longest lines of sight and access are
passed through the open space of a study area, is to reduce each line to a dimensionless
node in the graph, in such a way that a single line that passes from one side to the other of
a city would constitute only a single additional step of depth irrespective of how many city
blocks one were to traverse along it.(…) At first this seems to be a somewhat baffling aspect
of the form of analysis, however the difficulty is strictly one of our comprehension.” (Penn
2001, 11.4)

The commonly recognized aversion to method relates to this combination of
“fewest and longest” in the axial line argument (or respectively the “fewest and
fattest” convex space). Theoretically speaking, this definition is rather ambiguous
and, putting it frankly, the attempts to explain this base to a larger non-believing
audience have sometimes proved quite a horrifying experience. And certainly, it is
difficult to see it filling the most profound requirement of a model to be bias-free,
since it is not uncommon that the resulting line work varies according to personal
interpretation. Since the assimilation of visual connectivity and spatial axiality,
possibilities have emerged to compare different visibility analysis methods. This topic
has been for a while been of keen interest to cognitive psychologists. Early attempts
to formalise the concept of the visual field are to be found in Benedikt (1979), Davies
& Benedikt (1979), Benedikt & Burnham (1985), and to some extent Braaksma &
Cook (1980). A more elaborate outline of the development of these ideas can be
found in the PhD dissertation of Ruth Conroy Dalton (2001) or the proceedings of
the 2006 Space Syntax and Spatial Cognition workshop (Hölscher et al 2006).
With the development of visibility analyses software, axial lines were in a
straightforward manner suggested to be derivatives of isovists, which are local
geometrical constructs of visibility and a special case of a more general analysis of
viewsheds The first theoretical examinations to use heuristics in axial map generation
were made by Peponis et al. (1998), related to research that aimed at subdividing
space into convex units that they called e-partitioning. Turner et al. (2001) outlined
the so-called visibility graph analyses (VGA) method that led to the development
of Depthmap software, and which in turn played a significant role in the attempt
to automatize axial line generation on an algorithmic basis (Turner et al. 2005).
Simultaneous with the Depthmap development were the Isovist Analyst by Sanjay
Rana, who in his software user’s manual (Rana 2002a-b) suggested that axial lines
have a great similarity to the maximum diametric length measure of an isovist, and
Batty’s explorations of the characteristics of isovist fields (Batty 2001). Later Batty
& Rana (2002, 2004) confirmed the hypothesis in a paper containing a test with
multiple measures,270 most of which had only a minor association with axial lines.
This preliminary evidence was further articulated by Carvalho and Batty (Carvalho &
Batty 2003) when they formalized the idea of axial lines as “ridges in an isovist field”,
which fixed the principle of subsequent generating locations of singular isovists.
These developments of visibility-based analysis have therefore found a rigorous way
of reproducing the originally intuitive manner of drawing-based axial linework.271
270
For example, measures of Area, Perimeter, Maximum Diametric Length, Minimum, Farthest and
Average Distance, Convexity, Compactness, Circularity (Batty & Rana 2002). For most recent set see Rana (2007).
271
Unfortunately, this is not the case with the original convex map explored throughout by Peponis et al.
(1997). In their 1998 publication they summarized their unsuccessful effort as follows:
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Studies on this topic have also been done elsewhere (Jiang & Liu 2009) and the
automated line generation has already been implemented to some extent, at least
in Depthmap and AxialGen.
[Figure 40] Axial line generation studies. Axial map as a maximum
diameter of the isovist on the left (Source: Batty & Rana 2002), and
its further development, an axial map as a ridge of an isovist field on
the right (Source: Carvalho & Batty 2003)

In his 1996 book Space is the Machine Hillier makes a significant move towards
the explanation of the phenomena behind the axial analysis. The chapter “Cities
as movement economies” describes in detail the formation process of the city in
history. In metropolitan regions the diversity of movement, I believe, however, has
moved beyond historical discourse and created a heterogenic structure that has
become incomprehensible to vista-based methods. A very consistent trail in Hillier’s
work leads to this idea that started from the natural movement which can be seen
in the further development of movement economies into a process-like centrality
in his article “Centrality as a process” (Hillier 1999). Paradoxically, axial maps have
surprisingly little to offer for this newly created nice dynamic, since by nature the
analysis method is ultimately static, as it has been from the time of The Social Logic
of Space. It seems to me that the basic idea that Siksna (1997) found in his PhD
dissertation, that local characteristics are active players in gradual urban change, is
very promising. Siksna’s discussion suggests that this is also true in large multi-scalar
regional development. The problematic point, however, in Hillier’s argumentation
is that the nature of axial maps makes the analyses subject to unintentional
manipulation and confusion with the edge effect.
Since the turn of the millennium alternatives, both in entitation and quantification,
have been explored to minimize this. Several authors have developed alternate
analysis methods based on road centre-line data that is commonly available in GIS
data sources. At least in the following publications (in alphabetical order) the authors
have more or less independently taken this path: Dalton et al. (2003), Hillier & Iida
(2005), Iida & Hillier (2005), Jiang & Claramunt (2004a), Joutsiniemi (2002, 2003,
“In the literature on computational geometry, we can identify algorithms that provide us with partitions
of polygons into the minimum number of convex sub-polygons, drawing diagonals only (Keil, 1985), or
also drawing lines which meet at internal intersections known as ‘Steiner points’ (Chazelle and Dobkin,
1979). These partitions are not always uniquely specified. The main problem, however, is the fact that
dealing with polygons which involve ‘holes’ has remained ‘intractable’ (Suri, 1997). In architectural plans,
a ‘hole’ arises when we have a circulation loop around a set of walls in a building, or a set of streets around
an urban block in an urban layout. In addition, the original convex partition (Hillier and Hanson, 1984),
while initially appealing, cannot be formalized with mathematical rigor (Peponis et al., 1997). In other
words, the original convex partition cannot be treated as a well defined minimum partition, and cannot
be consistently drawn as a merely economic partition.” (Peponis et al 1997, 41.2)
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2004, 2005), Marshall (2005), Porta (2005, 2006, 2007), and Turner (2005, 2007).
This is the direction the present dissertation will follow in the further sections, but
before then it is necessary to look under the hood of analyses software.

Quantifying axial maps
Bill Hillier and his co-author Julienne Hanson are the names characteristically
recognized behind the ideological and intellectual construction of space syntax.
But similarly to enhanced work done on entitation by several others, turning
morphological entitation into analytical information is equally a result of several
contributors. Therefore, in attempting to outline the research field more broadly,
talk of a unified space syntax framework sounds rather romantic.272 At least the
following names are easily recognized. John Peponis (Spatialist) has had a major
influence on the analytical development of space syntax over the entire period of
its existence.273 Later computation development274 and people working around it in
UCL, such as Nick ‘Sheep’ Dalton (Axman, Webmap, OmniVista, Ovation), Alasdair
Turner (Depthmap) and Shinichi Iida (Segmen) have contributed greatly to the
development of the theoretical core of space syntax. Outside the Bartlett School
of Architecture at UCL, inspiring adjustments have also recently been suggested by
Sergio Porta and his team, Lucas Figueiredo (Mindwalk), Gerald Franz (Ajanachara),
the Swedish SAD group (The Place Syntax Tool) and people currently or formerly
related to CASA,275 namely Mike Batty (AJAX), Bin Jiang (Axwoman, AxialGen), Sanjay
Rana (Isovist Analyst) and Rui Carvalho. Therefore the notion of “extended space
syntax” by Teklenburg et al. (1997) seems best to describe this currently enchantingly
diverse development ground of urban spatial analysis. Yet, despite this polyphony in
new flavours, the quantification basis from the Stone Age of the computer era is
similar to all of them.
The key to evaluation in space syntax is the understanding of two interrelated
concepts: depth and integration. We include here Alan Penn’s brief insight how
these graph measures operate:
“The measure of spatial integration for each line is of the mean depth of that line from all
other lines within some defined number of steps (or radius). Thus the measure is not one
of the role of that line on a single specific route, but of its role on all routes from all lines
to all other lines in the system. (…) This is a position that is intimately connected to the
foundations of space syntax as a social theory. Specifically, space syntax tends to look at
how an individual is constituted by all others in a group or society, and thus how a space is
constituted by other spaces in a configuration.” (Penn 2001, 11.4)

Even though one can sense a slight shortcut from aggregative graph measure
272
The role of computational tools and the theoretical core of space syntax are bound together rather
tightly and not easily separable. Some further explanation can be found in Bill Hillier’s message to the Space Syntax
mailing list on 28 January 2004: [https://www.jiscmail.ac.uk/cgi-bin/webadmin?A2=ind04&L=SPACESYNTAX&T=0&
O=D&P=6093]
273
See Acknowledgements in Hillier & Hanson (1984, xiii) and conference papers in all Space Syntax
Symposiums.
274
The name in parentheses after the name of each person refers to stand-alone or plug-in software for
urban spatial analyses developed by the person..
275
CASA: abbreviation for Centre for Advanced Spatial Analyses at University College London.
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to social theory, this description gives an adequate idea of how the collectively
born relational space is taken into account. The understanding of the fundamental
principle behind axial map analysis requires the definition of graph depth. The total
depth of a line in turn is gathered by the summing up of degrees of separation of all
other lines (Hillier & Hanson 1984, 104), while the integration values are in fact only
normalized derivatives of the mean total depth concept and used to give numbers
a form that makes different sized analysis areas comparable with each other (ibid.
108).
To differentiate between individual and collective perspectives of the same
graph, some further definition is needed. For this purpose, the space syntax toolbox
contains the justified graph, or briefly j-graph, which is best explained as an assisting
construction to visualize depth from a singular node perspective. J-graphs are a
convenient way to present the relative position of a node by visual inspection of the
average distance from node to its neighbourhood. An example of j-graphs is found
in the figure below.
[Figure 41] An axial map and corresponding
j-graphs (Hillier 1996, 102, modified)

The calculation of depth is by nature a calculation of logical separating distances
of axial lines within a given network. Since the summation of natural numbers,
Ν = {0,1,2,3,...} , is probably the simplest way to operationalize Tobler’s First Law
– everything is related to everything else but near places are more related than far
places – the values gained from the depth calculation are very generic by nature. The
numbers assigned for a calculation are the topological distances between lines, so
for each axial line the depth value is calculated according to the following algorithm:
1.) Assign a node whose depth is to be calculated with a degree value of 0.
2.) Find the neighbours of an axial line and assign them a degree value of 1.
3.) Find all the neighbours of degree 1 lines that are not already assigned and assign them
a value of 2.
4.) Find all the neighbours of degree 1 lines that are not already assigned and assign them
a value of 3.
5) Continue accordingly until all lines are assigned.
6) Calculate the sum of assigned degree values for the total depth value for the line under
inspection.

The result of summations is dictated by the standard deviation of operands, so
evidently while the distance (i.e. the absolute value) increases, the tension between
near and far places naturally generates asymmetry. The further we move from the
origin the greater the total depth value increases. This calculated value works as
an index value, which is relative to the form of a j-graph generated from a specific
point (Hillier 1996, 102). Fundamentally, the same topological separation-based
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principle of asymmetry analysis was used by Bavelas in the analysis of patterns of
social relations (Bavelas 1948, 1951).276
In a slightly more formal way, for the above description we can state that given
two vertices vi ,v j ∈ V , let dmin (i, j) be the shortest distance between vertices i and
j. Thus the total depth is defined by
n

Eq.3.1		

dt = ∑ dmin (i, j)

,

j=1

in which dmin is the shortest distance between two vertices. In the example
above the distances were topological ones, but in the case of metric spaces any
types of values are possible. The mean depth is just a simple averaging total depth
over the number of entities, and consequently takes the form

Eq.3.2 		

dm =

1 n
∑ dmin (i, j)
n - 1 j=1

These concepts are adopted for space syntax from the plan morphology March
and Steadman used, especially adjacency and permeability graphs, so from the
quantification bases any type of entitation is potentially a suitable source. Since
average trip distance, or path length, is logically understood as a centrality measure
as such, we may introduce a commonly known measure of closeness centrality, CC ,
which is easy to create by taking the reciprocal of mean depth. It is also easy to show
that it is a transformation of so-called degree centrality (Freeman 1979; Porta et al.
2005, 5). We can thus write out this measure as follows:

Eq. 3.3 		

CC =

n-1
n

∑d

min

(i, j)

j=1

So far, the definitions of space syntax have been relatively easy to follow. The
aim of creating a universally comparable measure of urban space instead requires
some heavy ‘normalization’ and the definitions become slightly more convoluted.
The first step for making measures globally comparable is to scale the mean depth
values down into the range [0,1]. The method is discussed in detail by Steadman
(1983, 217) and is implemented in space syntax terminology as a concept of relative
asymmetry (RA) (Hillier et al. 1983; Hillier & Hanson 1984). Trying to keep the
terminology simple, I shall refer to this key concept as relative depth as defined
earlier in Hillier et al. (1983, 63).

276
Hillier (1996, 102) mentions the source for the depth value as essentially the same as the concept of
status by Buckley and Harary (1959).
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Eq. 3.4		

dr =

2(dm - 1)
n-2

,

where dm is mean depth defined in Eq. 3.1 and n is the total number of vertices
in system V. The maximum relative depth value of 1 represents a unilinear sequence;
i.e. a chain of spaces and a minimum value of 0 represent a fan or bush-shaped
formation, where all spaces in the system are immediate neighbours of the root
vertex.
Relative depth values are further compared in a so-called D-value (or P-value)
to make street systems of different sizes comparable with each other (Hillier &
Hanson 1984, 109). The reciprocals of these real relative asymmetry (RRA) values
are finally used as values of integration (I). After this, I dare say, rather cumbersome
choreography, the higher values of integration represent lower mean depth values.
Since integration and real relative asymmetry values have the relation IHH = RRA-1 we
can write the equation proposed by Hillier & Hanson (1984, 113) formally as follows:
Eq. 3.5		  IHH

=

f(d0 )
,
dr

where dr is the value of relative depth defined in Eq. 3.4 and f(d0 ) is the function
providing a static background for comparison that can be formalized as
 n [log 2 ((n + 2) / 3) - 1] + 1
,if measuring indoors
2
(n - 1)(n - 2)

f(d
)
=
Eq. 3.6	    
     

0
 2 [(n + 1)log 2 (n + 1) - 3n + 1]
,if measuring outdoors

(n - 1)(n - 2)

in which n is the number of vertices. The upper part formula represents the
D-values (diamond values) used for indoor space configuration as derived in
Krüger (1989) and the lower part the P-values (pyramid values) which, according
to The Social Logic of Space, were supposed to be more appropriate for outdoor
configurations.277
One of the few truly technically-oriented papers containing criticism of the
integration manoeuvres is Teklenburg et al. (1993). Their main argument is that the
integration measure ordinarily used in space syntax is in fact not as independent
of the size of analysis networks as is commonly claimed. They summarize the
differences of Krüger’s (1989) two different integrations and develop a third
alternative standardised measure they called the integration score, ITTW . That can
be written as:
Eq. 3.7		

ITTW =

ln ( n - 2 2 )
,
ln ( dt - n + 1)

277
The P-values have not been in use since their introduction in The Social Logic of Space (Hillier &
Hanson 1984, 113) and to my knowledge all software uses the D-value for normalization. For the sake of curiosity, I
derived the P-measure which seemed unavailable and it is written out in Appendix 5.
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It is easy to see that it utilizes the total depth value directly and provides an
alternative base for normalization. According to the simulation experiments of
Teklenburg et al, it also turns out more desirable than the original formulation.
The functional form of this integration measure is also somewhat ‘lighter’, and by
dropping the additional round of relative depth calculation it also resembles more
the mean depth formulation than the original integration definition in The Social
Logic of Space. To me it appears that there is some unvoiced suspicion in the entire
implementation of integration value, and since the interest in this dissertation is not
in comparing different urban structures in any definitive of normative sense, there
is no point in running additional tests in normalization. Since I am not dependent on
standard space syntax software packages, and thus have a greater degree of freedom
in measure selection, I therefore will drop the integration based normalisation and
continue with depth based measures that keep the comparison to space syntax
tradition relatively simple.
Staying strictly with the ‘original’ integration definition seems to the most
characteristic feature that separates space syntax studies from other disaggregated
spatial analyses. Axial line has for quite some time been another relic, but as I will
try to show next, it has quite recently been seriously questioned. A major change
in the quantification of the graph in space syntax occurred in 1994, when Romûlo
Krafta suggested an alternative centrality measure for the commonly used depth
based measures. Krafta’s measure, called choice, works differently from the average
distance measure, and is based on the allocation of link loads of all shortest paths.
Therefore, the links through which most of the shortest paths go are considered
the most central. This type of centrality can be easily understood in reference to
the ordinary status of bridges in urban structure. It is unlikely that they are central
in the sense of average distance, but they certainly are central in the sense that
most paths essentially travel over them! This centrality is thus based on the ability
to channel routes and it is often mentioned as already being introduced in Freeman
(1977), which in fact was the Krafta’s source as well. Recently at least, Porta et al.
(2005, 2006, 2007) and Kazerani & Winter (2009) have published studies based on
Freeman’s betweenness measure, and the results of it are extremely promising.
Earlier studies that adapted the choice nomenclature include, for example, Peponis
et al. (1989), Hillier et al. (1987). Betweenness centrality can be written formally as
follows:
Eq. 3.8		

CB =

1

n

( n - 1)( n - 2 ) ∑ c
j=1

ci

,

dmin (j,k)

where cdmin (j,k) is the number of minimal distances between j and k and ci the
number of these paths traversing I, everything else being as in earlier measures. For
a longer discussion of centrality measures see Freeman (1979), Porta et al. (2005)
or Crucitti et al. (2006). Alternative measures for space syntax can also be found, for
example, in de Holanda (1997) and Jiang et al. (1999), but actually there is no real
reason why any available graph index would not be applicable. Only explanatory
capability counts. Some discussion of this potential will be found in Appendix 6.
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[Figure 42] Choice measure (betweenness) in Tokyo (left) and London (right)
(Source: Hillier & Vaughan 2007)

My focus here is not on any exhaustive evaluation of space syntax as such, so I will
take a step back towards the preliminaries of graph quantification in a more general
sense. By stripping away some pathological restrictions of ‘hard core’ space syntax,
great similarities with the accessibility definitions at the end of Chapter 2 can be
perceived. In fact, the depth concept in space syntax terminology and the most basic
Ingram’s concept of accessibility (Eq. 2.47) are so closely related that the concept
of total depth can thus best be interpreted as the most primitive form of integral
accessibility (having the form of an inverse power function with exponent 1 as an
impedance function). Ingram used distance as a measure of relative accessibility,
but it would not be very different to use some other metric property, travel time,
generalized transportation costs or distribution of opportunities instead of Cartesian
distances for the production of numerical indices. But it is definitely most uncertain
what kind of accessibility may be defined according to the degree of separation of
logical linkages and, above all, how reliable these can be. This should be kept in
mind when I return to this topic in Section 3.2 concerning the measure of generic
accessibility. In the following I list three major reasons for this digression from the
common axial approach.

3.1.2 Controversial themes of axial map analyses
It may be true, as Penn once stated, that space syntax can be fully described by
three or so texts (Penn 2001, 11.4), and then one could possibly argue about which
texts these would be, but this would be to overemphasize the ‘school of thought’
aspect. Currently several branches of further developments can be found, and even
though many of them have matured in the home base of space syntax at the Bartlett
School of Architecture at University College London (UCL), they seem quite distant
from the original formulation of The Social Logic of Space.
Since the dawn of space syntax, Hillier has developed his theoretical approaches
and configurational concepts, and it seems to me that configurationality has in fact
become more general than its space syntax origin would suggest. Hillier’s example of
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‘doricness’278 is a perfect example of a logical construction built on top of the physical
reality in the same way as our notion of surrounding neighbourhoods is intelligible
and interdependent of physical reality, yet still not exactly equivalent (Hillier 1996, 2526). But as the scale of space syntax work reaches the size of a metropolis, we need
to return to the question of the predominance of vistas. Is the logical construction
they create related to our notions based on the practice of everyday life?
Objects of analyses in the traditional space syntax framework are by definition
scale dependent (Hillier & Hanson 1984, 97), which should indicate that the concept
of vistas might actually be masking something more relevant or more general. If
the main purpose of vistas is to serve orientation, i.e. movement, then the route
taken from origin to destination is occupied by a set of movement episodes. These
episodes are formed either throughout the total length of a vista or only part of
it whenever turning to a side street has occurred. This is important because it
makes the episodes different from their axial representations according to the
purpose and length of movement. Depending on the purpose of a trip, the axial
Les Rambles in Barcelona is considered as a single desperate episode for airport
taxis or five unforgettable episodes for pedestrians. The former question of Oxford
Street in London is likewise scale dependent due to its character not the geometry
of movement. We may ask whether Oxford Street would be any less concentrated if
it happened to be a crescent, or would the circular movement even make it a main
street?

Intuition: Predominance and suitability of vistas for the
modern city
Despite the fact that space syntax has been used successfully for the analysis
of large-scale metropolitan formations (Rigatti & Ulgade 2007) and specifically
in cases such as evaluating the impact of ring roads (Romppanen 2002, Van Nes
2002), I venture to claim that the explanation based on axial lines lacks something
important. Does the three-kilometre-long vista of Oxford Street make any true sense
for human perception? Does it change anything if we are not able to perceive the
vista, or if our sight is limited or focused on the rear of a double decker bus or the
back of the pedestrian ahead? Or is the vista only an abstract property, the hidden
potential of space or a collective version of a cognitive map? No matter how we pose
the question, we are dealing with space as used space. If we consider a vista as a
property of physical space, we need to know how this potential is used. What is the
actual phenomenon we are dealing with when analysing a set of vistas? I assume
the only plausible answer is that vistas serve for orientation in complex structures
where an overview of the general structure is lacking. But can we find an alternative
278
The base of the argumentation is related to one that novelist Jorge Louis Borges uses when he states
that even though there are no camels in the Koran nobody questions their ‘arabness’. The story goes as follows:
“When we look at a doric column, we see a plinth, a pedestal, a shaft, a capital, and so on, that is, we see
a construction. The elements rest one upon the other, and their relation to each other takes advantage of
and depends on the natural law of gravity. But this is not all that we see. The relations of the elements of
a column governed by the law of gravity would hold regardless of the ‘doricness’ of the elements. If, for
example, we were to replace the doric capital with an ionian capital, the effect on the construction would
be negligible, but the effect on the ‘doricness’ of the ensemble would be devastating.” (Hillier 1996, 25)
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explanation for a correlation between axiality and movement patterns?
A brilliant suggestion comes from Alasdair Turner in the title of his paper “Could
a road-centre line be an axial line in disguise?” (Turner 2005). I am not going to
jump into centrelines quite yet, but instead will approach the question first on a
more general level. Could the axial lines carry with them properties that are the
real reason for good correlation, and thus make axial lines like the shoes that had
‘caused’ you to have a headache because you were still wearing them when you
woke up on Saturday morning – i.e. correlation without causality. As discussed
earlier, axiality in space syntax is an arbitrary and ahistoric construction, but also
very systematic and comprehensive in its spatial extent – it spreads the notion into
such small corners of the urban structure that the entire meaning almost vanishes.
On the other hand, there is a certain linkage with boulevards, avenues and high
streets, that is, the most recognizable features in the history of urban planning from
the era of second modernization onwards (Kostof 1991).
It is unquestionable that, for example, major axes, say, from the Baroque era are
long and straight, which they are by the very definition of axis. But more important
than following criticism is that at the same time axes have other features that
potentially explain the correlation with the urban movement pattern. This is, in fact,
quite consistent with the findings of Penn et al. (1998), in saying that, for example,
the effective width of a street gives better correlation values than axial integration.
The longest axial major arteries also tend be the widest streets in most historical
cities and, therefore, the only possible right-of-way to welcome the massive traffic
onslaught of the modern metropolis.
[Figure 43] Avenue des Champs-Élysées, Paris (Source: http://www.flickr.com/
photos/storm-crypt/3755779802/sizes/o/)
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[Figure 44]. Rome under compression and
tension (Source: Bacon 1967, 72-73)

It is also notable that change related to the spatial requirements of vehicles did
not occur at the dawn of the car era (even though it got out of hand then). The
major changes in the mode of traffic from horseback to the culture of unsprung
horse carriages to better sprung conveyances were developed from the 17th
century to the mid-18th century. Not surprisingly, this fits quite nicely with the
Grand Manner design period of urban planning (Kostof 1991, 208-230). We could
say that even though style-historic classification contains one set of explanations for
axis development, it also supported the functional and technical advancement of
that period. It was only Ildefonso Cerdá, Ludwig Förster et alii who formalised these
requirements into a coherent theoretical form. Therefore we realize that axiality as
we recognize it in the history of urban planning entered urban planning at the same
time as the first major scalar leap and the birth of the metropolis and it is quite
controversial to decide whether one preceded the other or whether we are only
facing a truly autocatalytic phenomenon.
On the basis of 36 axial maps of different cities, Carvalho & Penn (2003) found two
universal classes of self-similar fractal urban structures. They suggest that these are
a result of the implementation of different scales of planning in those cities. In space
syntax circles a similar idea can be found on a more intuitive basis in Stephen Read’s
concept of supergrid (1999, 42 onwards) and traces of it can be seen in Hillier’s (2002)
analysis in the paper “A theory of the city as an object”, which is able to distinguish
different urban structure types based on their cultural background. If we take a
closer look at axiality in history, I would dare to claim that within that context the
scalar leap was in fact the entire origin of recognizable axiality as we know it today.
A revealing example of this is chosen from Edmund N. Bacon (Bacon 1967), when he
talks about the structural change of Rome from classical Rome of the third century
A.D. to that of Baroque Rome of the 16th century. The structure could not be more
different in the early compact city with tightly knit urban fabric punctuated with
large monumental buildings and, as he calls it, the city under tension, where public
space is pinned down with obelisks and minor points of attraction (see Figure 44).

Regardless of the reason for this type of change, it is obvious that it has left its traces
on urban structure whenever implemented. For Bacon the direction of development
was still uncertain as he closed the explanation by saying “we are challenged to
consider exactly what is the underlying idea for design at a city-wide scale today. The
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nearly four hundred years that have elapsed since the time of Sixtus V have been
a completely different scale of metropolitan growth, with greater complexity and
speed of movement” (Bacon 1967, 72-3). But today we may safely argue that the
backbones of current structural change at the edge of urbanized areas are the major
arteries regardless of their suitability for pedestrian-based movement or visibility
that has been the analytical anchorage point of axiality.

Some inconsistencies
[Figure 45] The straw to break the camel’s back, or the point where a single axial line is chopped up. (After: Ratti 2004b) The original
picture contained the following text: “Are they the same or not? There is an elemental difference between the two patterns (say a 0.01
degree, or arbitrarily small variation in their skew), which is not perceptible to the eye. Hillier and Penn argue that this would lead to a
radical transformation in terms of pedestrian movement in hypothetical cities based on the two patterns.”

Carlo Ratti of MIT, Cambridge, made some constructive remarks in an article on
space syntax (Ratti 2004a), accusing it of certain inconsistencies. His article led to a
minor debate between him and Hillier & Penn, but at the time it was difficult make
up one’s mind how the debate ended (Ratti 2004 a-b, Hillier & Penn 2004, Steadman
2004). Much of this was because space syntax was undergoing a major shift that
smoothed out many of the controversial issues that Ratti had cleverly figured out.
A major argument of his related to the nature of axial lines and their sensitivity to
minor configurational changes that ended up with completely distorted results.
Theoretically, the most intelligent test for the theoretical basis of axial line entitation
is found in the following image Figure 45) cited from the Ratti’s “Rejoinder to Hillier
and Penn” (2004b).

Practically, there is much truth in the saying that these configurations do not
exist, and it could be continued by saying that if the axial assumption is true then the
urban structure would have developed into two completely different formations.
But theoretically, this is completely untenable. The axial description of space simply
cannot handle these types of configurations, just as it is also unable to deal with
completely regular grids. For these minor differences there is simply no doubt that
the axial lines are too coarse a reduction.
The same phenomenon also occurs in the restructuration of real urban
settlements as they grow and transform. This is a common theme in the theoretical
background that Hillier develops, but so far the connection is completely arbitrary.
Finding the socio-cultural differences from an urban configuration remains still
quite far from the actual process description they have undertaken. Starting from
conjectures of partitioning of an axial line or, more generally, cellular space that
Hillier speculated on in a later part of “A theory of the city as an object” (2001,
2002) easily leads to some quite absurd constellations. If the urban process tends
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to minimize the integration gain – which makes sense and is a beautiful hypothesis
– can it be done, as proposed, by conserving longer lines? (Hillier 2001, 18). What
does this actually mean? Do not build in the middle of a big street, but in a smaller
street instead? Or, cut the street from the tail not from the centre? There is a
great temptation to answer these questions using Hillier and Penn’s tactic in their
“Rejoinder to Carlo Ratti” (Hillier & Penn 2004): No such a phenomenon exists that
lines, either long or short, are being slashed. Historical explanations – say through
Conzen’s burgage cycle or Caniggia’s evolution of route system – are far more
convincing, since the spatial partitioning of open space requires not only the rules
of divide but also simultaneous rules of generation that cannot be separated from
each other. Following Hillier’s argumentation, there is a clear benefit in saving longer
connecting entities because intuitively we value them as meaningful. But here the
question boils down to what we touched on in the discussion on weighting axial
lines. If the length and axiality of a line is meaningful, would it be better to gain this
as a result of analysis instead of hard coding it into predefined entities? Can the
axiality be found in an analytical way? Today it seems quite clear that it can, as can
be seen from the evolution of space syntax theory.
In space syntax the great impact came from Conroy Dalton’s doctoral thesis
(Conroy 2001) that contained throughout analyses on principles of wayfinding and
characteristics of pedestrian decision-making based on local-level information. These
ideas began to develop into a major challenge for traditional axial entitation through
the so-called fractional analysis proposed by Dalton (2001). Its main contribution
is summarized nicely in Dalton et al. (2003) with the first implementation for the
idea using the standard TIGER database of the centre of Atlanta for testing. The
quantitative novelty was in the description of the transition from one line to another,
that “should be treated as a fraction between 1 and 0 depending on the angle at
which the two lines intersect. Where the lines intersect at right angles the fractional
depth gain should be 1 and where they intersect at 180˚ it should be 0” (Dalton et al.
2003). It is important to realize that this was initially only a technical solution aiming
to mimic axial representation. But it is equally true that at the same time it is not far
from the cognitive idea that each turn in a route is an additional ‘cost’ for a moving
person and therefore moving straight ahead – i.e. along an axial line – is preferable
to a route that is curved or contains unnecessary turns. This development path is
currently known as angular analysis, as coined by Turner (2000) and developed
further in Dalton (2005), Dalton & Turner (2005), Turner (2001, 2007, 2009), Iida &
Hillier (2005), Hillier & Iida (2005a-b), but also in a sense under the related concept
of directional distance, as used by Peponis et al. (2008).
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The effect of the edge effect
Much of the inconsistencies noted by Ratti (2004a) has been overcome with
the development of the angular analyses described above, but an important set of
accusations are bound to the problem of the so-called edge effect.279 This is not
only a marginal remark, but an actual problem that seriously affects the reliability of
axial graph analysis as a whole. Edges are difficult to approach, because edges really
make a difference. Edges are by nature the point of discontinuity and, as trivial as it
may sound, must be handled properly in both theoretical and practical graph-based
research.
A simplified example can be found in the work of Duncan Watts, who run into
this when trying to find the most simplified form of graph in his seminal study of
small world phenomenon. Even though a regular grid, commonly found in urban
planning, has proven to be easy to orient in and consists of mostly uniform entities,
“slightly tricky are those that lie on the boundaries, because those sites have fewer
interactions than their interior counterparts” (Watts 2003, 84). To avoid even this
minimal difference Watts adopted a solution that is common, for example, in cellular
automata models and ended up wrapping the model world around itself by pasting
the edges together. This arbitrary construction is a computationally elegant way
to solve the discontinuity of two-dimensional grids, even though the real world
reference would in fact be topological torus that one would be very unlikely to find
in a real world example. On the other hand, the edge effect is a true property of
the gridiron of deformed grid plans, so in the very practical context of space syntax
analyses it may be either the source of a result or that of error. To distinguish
between these in an analysis frame, it is essential to be aware of the difference
between natural edge (NE), such as a waterfront, and a non-natural or arbitrary
analysis edge, (AE), such as the edge on a cartographic map tile.
According to Teklenburg et al. (1997), the edge effect was first problematized
by Krafta (1994). Ever since then it has occasionally been referred to as a source
of trouble, but compared to the number of analyses potentially affected by it, the
discussion is surprisingly quiet. According to Hillier, the edge effect is “the tendency
for the edges of spatial system to be different from interior area because they are
close to the edge” (Hillier 1996, 163). More forcefully, Vaughan recalls: “‘Edge effect’
describes the fact that the edge of axial models tends to seem segregated due to the
fact that streets on the edge of the map are not connected onwards.” (Vaughan 2007)
This is one of the only texts I have come across that clearly states that the analyses of
the edge are in fact unreliable and even erroneous. In addition to Vaughan, it should
be mentioned that not only is the edge seen as over-segregated, but also there is a
good chance for the centre to be over-integrated. A clear reason for a silence might
simply be that this feature of the edge effect is not easily recognized as an error since
279
This is not to be confused with another phenomenon sometimes called the edge effect among
urban planners with its origin in the findings of the usage of open space, for example, by Jan Gehl and Christopher
Alexander. This other ‘edge effect’, referring to people’s tendency to stay around the edge of open space, has its
own application in space syntax, when wide open space, such as a public square, is covered with multiple lines
around the edges. This is very difficult to derive theoretically, but by adding additional ‘load’ to the graph in squares
the correlations with urban activities have been found more likely.
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it guarantees a desired result.280 It is important to realise that, for example in relation
to the concept of deformed wheel characteristic of nearly all axial map analyses, this
should be double checked to confirm that the result in its entirety is not an analytical
bogus but rather a true research finding.
This can be explained very easily, as I have discussed elsewhere, in Joutsiniemi
(2005b). In any graph it is unavoidable that central locations in the visual inspection
have maximum neighbourhood radii, approximately half of them being located on
the peripheral edge. The more similar the line work is in terms of line lengths the
more true this first intuition is. This is not always the case in an axial map, but thinking
analytically we realize that in a graph there is essentially a line or lines that have
the shortest distance to the graph edges and thus have a maximum radius exactly
half of the maximal distance (the König number 281) of the entire graph. Beyond this
distance the edge in fact affects all the lines in the graph, but the most central (i.e.
the shallowest) line benefits the most. From this point onward, the depth of the
most central line does not increase its depth any longer and starts to benefit from
lines that have not yet reached the whole graph. The benefit is also multiplied since
the distant locations that are located beyond the AE edge would have been the
ones that contribute the most (since they have the highest absolute value)282 for the
total depth index. This is naturally an analytical distortion that cannot correct any
type normalization, unless distance base weighting is included. Mainly because of
this, Porta et al. (2005, 2006, 2007) have used only betweenness measures that are
reported to be less vulnerable to the edge effect.
This is not the only possibility, however. Techniques to evade this nuisance can
be found, for example, in Krafta (1994), Penn et al (1998), Hillier (1996), Joutsiniemi
(2005b), and Dalton & Dalton (2007). Following Krafta’s outline, we may come
up with the technique of embedding (Teklenburg et al. 1997, 265). Krafta’s paper
“Modelling intraurban configurational development” (Krafta 1994), which has been
a common source of inspiration to the space syntax community, is in fact a more
general approach to morphologically disaggregate modelling. A connection to space
syntax is found in the division of the analysis area into predefined sub-areas that are
weighted according to the distance to the cores and finally embedded into a larger
analysis area. A commonly used technique based on analyses radii (Hillier 1996, 160,
Penn et al 1998) is a more elaborate solution283 to this, and is often referred to as a
280
This unintentional manipulation can easily be understood by thinking of a researcher wanting to do
an analysis for a certain area and selecting a research neighbourhood by locating the area of interest in the middle
of an axial map. Only by doing this (if the area suggested is large enough to avoid the edge effect) with certain
integration measures will the researcher guarantee the location of an integration core within the target area of
research. This ‘magic’ finding is not as severe in small radii analyses and will be discussed in detail later in the text.
281
The König number, also known as the associated number, is the number of edges from any node in
a network to the furthest node from it. This is a topological measure of distance in edges rather than in measured
distance. A low König number indicates a high degree of connectivity; the lower the König number, the greater the
centrality of that node.
282
This is best understood by thinking that a single missing line left uncalculated at distance 30
corresponds to the load of ten missing lines at distance radius 3.
283
The advancement in the common space syntax solution to the use of Krafta is only in how thorough
the implementation of embedded ‘local neighbourhood’ is. Theoretically, Krafta’s approach is more important
for this dissertation, since it has a background in fuzzy memberships and thus has more direct contact with my
argumentation based on the relational character of space.
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‘technical solution’ in order to get around analytical problems with graph edges. The
most commonly found fixed analysis radius is 3, which has been shown to correlate
well with local movement patterns.284 Penn et al. (1998) explored other radii as
well, but commonly in use is the so-called radius-radius distance, which extends
into the mean depth value of the entire graph, and radius n, where the n refers
to the maximum diameter (i.e. the maximum König number) of the graph. In the
space syntax community there seems to be some extreme confidence285 in radius
3 analyses, just as there is for integration values. It may be true that radius 3 may
have solved the problems caused by integration normalization and to some degree
those of the edge effect, but not the problem arising from axial maps themselves
which precedes these quantitative constructions. It is difficult not to agree with the
results obtained from radius 3 analyses, but dropping this into a larger modelling
frame, we may ask some further questions (as will be done in the derivation of
generic accessibility in Section 3.2.) In relation to space syntax, it is a pity that some
advanced techniques, like the distance decay approach taken in Dalton & Dalton
(2007), are used only to solve problems that are clearly on the level of entitation.
I myself have outlined the problem of the edge more precisely in a paper titled
“Generic accessibility challenges axial maps, case Helsinki” (Joutsiniemi 2005b) and
went on to suggest strong and weak forms of confirmation methods that could
be called edge effect elimination checks (eee). The strong eee statement says that
in order to avoid the edge effect entirely it would be necessary to compare the
distance of the origin of the point of analysis to the AE edge with the analysis radius.
We can therefore define an e-value that is equal to the edge distance value minus
the analysis radius value. If the distance to the AE edge exceeds the radius, thus
having a negative e value, the analyst can be sure that the edge effect takes place
and the effected node (i.e. axial line) should be screened out. Since this limits the
use of possible radii considerably, a somewhat looser definition may be formulated.
This weak form of eee statement would be recalled by telling explicitly by how much
the e-value is surpassed. It is likely that a small excess would not have much effect
in cases of large configurations or large radii values and one could even speculate
optimistically that the surroundings outside the AE edge resemble the analyses area.
Therefore, based on the symmetry assumption, the averaged value of depth-based
measures would not be much different than with the analysis fulfilling the strong
eee statement, and therefore would still keep the analysis on a reliable basis.
The next critical state in the calculation is when the radius reaches half of the König
number, the shallowest point of a graph is saturated,286 and the comparison between
284
I was unable to trace exactly when the concept of radius entered the space syntax scene. Hillier
(1996) uses it fluently, and refers to the then forthcoming publication Penn et al. (1998). In that paper, the latter
extensively test the concept of radius, and possibly the major work was done by Hillier, Penn et alii on numerous
planning projects in the early 1990s.
285
This can be sensed, for example, in following citation from Dalton: “Finally, it seems suitable to
reassure researchers in the field about integration. It is the majority case that most axial maps are UC [urban
correlation] positive. In this case the radius 3 value is a fair and accurate measure of total depth. Little is likely to
be gained by using new measures in these cases. There are a number of cases where UC negative networks are
being analysed. For example, all line axial maps may be UC negative, as could be overlapping isovist in these cases.
UC negative maps may also arise naturally in cases such as housing estates and at least one case of urban sprawl.”
(Dalton 2005, [addition by AJ])
286
This is confirmed by a theorem stating that the maximum diameter of a graph is equal to the
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nodes becomes heavily biased. After this point any calculation misrepresents the
actual ratio of near and distant line locations and thus has every chance of affecting
the mean depth value as well. This also makes the so-called radius-radius distance
a flawed definition for a bias-free analysis.287 This is because the mean depth
value used on the base of the radius-radius measure is already larger than the first
saturation value and therefore affected by the edge. Beyond this point, analyses
could possibly become valuable (under weak eee statement assumptions) to some
degree by screening out the saturated values in the middle of the graph, if only the
donut-shaped area of reliable values does not look too disturbing. Unfortunately this
cannot be extensively tested in this dissertation, since its major problem is clearly in
axial line based maps, where the length distribution varies greatly (see Hillier 2001)
and is nearly impossible to evaluate by only looking at the map to see how far from
the edge each line actually lays.
From the point of view of the present dissertation, unsolvable question remains,
such as why to stick with laborious axial entitation, as used, for example, in Hillier &
Iida (2005) and Peponis et al (2007), even though the applied quantifying method
already covers major features of analysed entities. There seems to be no real reason
beyond mere convention. It is also notable that much of the strictness to stick with
fundamental topological characteristics has already been dropped when metricbased radius definitions are implemented in analyses software, such as Depthmap,
for example. To me it seems like a very short journey from space syntax fundamental
features to fundamentalism. The main source of problems and criticism around
space syntax is the stubborn decision288 to stick with the axial line entitation, even
though the major findings have already been done in this field some time ago. The
axial line analyses have served well for a quarter of a century, but it is becoming a
drag. The results gained so far from the axial analysis are so convincing that it would
only strengthen the School of thought to tie their results to parallel fields of interest.
By doing this it would be easier to realise that axial lines were a very good first
approximation for morphological entitation, but no major achievement is gained
without stepping outside the dogmatic puff. We may borrow the idea of Nobel
laureate Richard Feynman on his reply to mild accusations about demolishing the
Newtonian world view: truly, there is no theorem that says interesting phenomena
endure – only the entirety remains (Feynman 1965/1999).

maximum of the shortest node-to-node routes of the entire graph. For details see Gutin (1994).
287
The radius-radius measure is usually, at least according to the dataset in this dissertation, smaller than
half the graph radius. This is a configuration and entitation related feature, however, and in the case, for example,
of the Greater London dataset used in Section 3.3, the values come close to each other (minimum König number
102, radius-radius 93.48). This has naturally a close relation to the ratio between the number of nodes around the
shallow points and the number of nodes around graph edge.
288
Turner and Dalton recall “the near mythological significance of axial lines in space syntax (at least to
those observing from outside the field)” (2005) which puts me in the position of a comfortable outsider, so that I
can add the usage of the integration measure to the list.
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n the following chapter I will bring the axial maps analyses framework into the
more generic context of urban modelling. The major relaxation, as could be
guessed from the above discussion, to the theory is done by changing entitation
from axial lines to those of road centrelines and quantification from integration to
more a universal component of it, closeness centrality and its constituent mean
depth. In doing so, the major denominator with findings in transportation related
research is found in the concept of accessibility. The major difference, on the other
hand, is that the work is done on the basis of morphological entitation and adhering
to a topological division of space. The work is thus characteristically an attempt
to bring together two established modelling traditions, by collecting valuable
characteristics from both of them. The reason for so doing may not be obvious,
so I will back up the theoretical work in this section (3.2) and collect preliminary
evidence regarding its usability in the subsequent section (3.3).
The examples used in Section 2.5 to describe general accessibility were derived
largely from the state-of-the-art of the modelling in the 1960s and 1970s. An
early criticism of this is found in Vickerman (1974), who incisively points out that
the demand for transport is something more than the mere prediction of future
traffic flow according to some assumptions of future land use, traffic restraint, and
infrastructural investment. Vickerman calls this “a tautological definition that always
leads to self-justification” (Vickerman 1974, 676). Thereafter Vickerman, following
the example of Shimbel (1953), went on to propose a function taking into account
accessibility to all other points of potential interaction, which is in fact the common
definition of integral accessibility (Vickerman 1974, 678). Keeping in mind the
discussion in the previous section, it emerges that the disaggregate form of this is
also found in the space syntax concept of mean depth,289 which belongs to same
family of integral measures.
If this tautology can be seen more as a feature of transportation, planners’
predilection for trend-based analyses, and a certain fetishism regarding correlation
values gained via regression analysis, it is not surprising that this distortion is also
found elsewhere. Despite the interesting and rare combination of accessibility and
morphological approaches in Kiril Stanilov’s Seattle study (2003), we may realize that
it, too, falls into the same fallacy, but on the side of land use when using a monocentric
definition of accessibility. Again, referring back to what has been written earlier and
keeping in mind the discussion of characteristics of urban development outlined in
Section 2.4 in the discussion of Land-Use Models, the major problem of modelling
is the fact that both activities and the traffic flows are dynamically shifting entities.
Finally, the solution is not found either in the optimization of these two, since we
may argue that factors behind the movement and relocation choices are not fixed
(see: Echenique [2007]).
The urban metropolitan structure of today requires some additional adjustments
289
Despite this similarity in quantification, it should also be kept in mind that due to their different
entitation base they are hardly comparable as such.
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for SIM-based modelling that were hardly discussed 30-40 years ago. An example
of such an issue that provides further insight for the present dissertation is found
in Yunwoo Nam’s study of the spatial variation in the metropolitan area. Nam
discusses at great length multiple accessibility definitions and their characteristics
(Nam 2009, 38 onwards) and ends up testing three different forms of accessibility
definitions found in the urban economics literature. Those chosen for further
testing are monocentric, polycentric and dispersive functions of accessibility (ibid.
39-49). The results obtained in Nam’s tests support my earlier remarks on recent
patterns in metapolis formations where the polycentric urban landscape is not to
be seen as a fixed hierarchical structure, but one where it is likely that subcentres
merge together and change their status, as has been the case in metropolitan areas,
which was the subject of Nam’s examination (A more detailed discussion on why
dispersed functions of accessibility are favoured can be found in Nam [2009, 57]). I
will develop this path further within a disaggregate framework, but it first requires a
more in-depth look at the accessibility formalizations and the measures available. It
is notable, however, that accessibility is not one single property, but a multifaceted
‘analysis neighbourhood’ of a multitude of actions. The specific problem is in deciding
which entities or their intrinsic properties are familiar enough to be considered solid
ground. The problem lies essentially in the question of where to start the modelling
of ultimately dynamic process with ultimately static tools.
The hypothesis in the present study is that accessibility can be seen as a
configurational property of space which can be analysed without making too strict
assumptions about either attractions or demands on the agent side, and especially
trying not to become confused with flows and the container. Axial map analysis is
one such kind of framework that has proven useful, but due to criticism shed on it in
a previous section (Section 3.1) some modifications for the needs of this study ought
to be made. So it is time for a short summary in order to synthesize the analytical
work done so far. On the basis of the extensive literary review in Sections 2.5 and
3.1, we may derive a most elementary form of accessibility function family and call
it, therefore, generic accessibility, AGEN , which can be written as follows:
n

Eq. 3.9 		

AGEN = ∑ ΘWiωθ f(dij ) ,
j=1

in which f(dij ) is the defined measure of spatial relativity (i.e. the manifestation
of Tobler’s first law); ωθ is the weight of configurational path resistance; Wi is the
weight to distinguish, filter or emphasise the modelling hypothesis; Θ is the discrete
Heaviside step function to be used for discontinuity for a reason or another; and
n

∑

simply expresses that we are operating in a discrete set of data. The measure
j=1
of spatial relativity, f(dij ) , is discussed in detail in Section 2.3. Path resistance was
discussed briefly in the preceding section under the topic of angular analysis and
detailed formulation is to be found in Turner (2007) and Iida & Hillier (2005). Weight
is a general purpose feature discussed in Section 2.5, but is unimportant in the
present study since it is after all focusing on bare configurational properties that
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are potentially masked by additional weights. Unit step function is a so-called quick
and dirty method to create stepwise behaviour and facilitate the definition of other
functions, in our case distance decay. In a popular form, using an inverse power
function as distance decay, we get:
n

Eq. 3.10		

AGEN = ∑ ΘWiωθ dij -k

,

j=1

and in the following I will use a form reduced to its absolute extreme. The aim
with this is to show that despite (or more properly because of) this simplicity, it will
provide valuable information on the structure of urban areas, which is easily masked
when trying to provide a more faithful picture of the prevailing condition:
n

Eq.3.11		

ATHESIS [ r ] = ∑ Θdij ,
j=1

in which

0
Θ [d ] = 
1

if d > r
if d ≤ r

There is a two-fold reason for a function bordering on the trivial in providing
additional information in comparison to a more complex formulation. Firstly,
despite the fact that analyses are based on the straightforward sum of distances
and, moreover, those calculated from the topological structure (as is also the case
with axial map analyses), the valuable properties we test are hard coded as entities
themselves, as explained in Section 3.2.3. To avoid a potential problem with scaling
and units of measure, the resulting values are evaluated on the basis of their rank,
which in large, normally distributed datasets (such as those used in these analyses)290
give sufficient information on the positivity of the location in the system. Secondly,
the hypothesis concerning the multi-scalar nature of metropolitan accessibility is
tested using distance-based discrete Heaviside step function in order to observe the
effect of the gradual increase in size of relational space, r. Hence we have stripped
away all unnecessary parts from the analyses in order to avoid unexpected bias and
ensured complex analyses setting that can be solved computation efficiently. In the
following section we define the characteristics of our entitation used in detailed
studies.

3.2.1 Big things from small worlds
Since the publication of Stanley Milgram’s classic essay in sociology “The small
world problem” (1967), there has been an awareness of the small world phenomenon.
Through his empirical research, Milgram showed that despite the vast size of the
human population any two persons may be connected with a maximum six-person
chain. This network of social relations forms a phenomenon sometimes referred
to as ‘six degrees of separation’ which makes these large networks actually a very,
290

See Appendix 9 for a detailed description.
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very small world. In 1998 Duncan Watts and Steven Strogatz made groundbreaking
tests with regular lattice networks by randomly rewiring connections and making
them change more and more like completely random networks. Watts and Strogatz
showed that small world networks are located in an intermediate zone between
regularity and randomness. The key finding of these tests was that small worlds
were characterized by a peculiar combination of local and global properties of
both networks. Small worlds are by definition networks with a short characteristic
path length and high clustering coefficient values, thus forming a favourable bridge
between order and coincidence in neighbourhood relationships.
To demonstrate this, Watts and Strogatz (1998) used two measures: characteristic
path length and the clustering coefficient. Characteristic path length was defined as
the “number of edges in the shortest path between two vertices, averaged over
all pairs of vertices”, and more clearly as the “median of the means of the shortest
path lengths” (Watts 1999). Thus it can be defined in mathematical terms as follows.
Given two vertices, vi ,v j ∈ V , the characteristic path length for system V is:
Eq. 3.11 	

1
Lp = 2
n

n

n

i=1

j=1

∑ ∑d

min

(i, j)

,

where dmin (i, j) is the shortest distance between vertices i and j. We realize that
the localized, node level property of Lp , the average path length, is equal to the
definition of the space syntax mean depth, dm (Eq. 3.2), and therefore a reciprocal
of closeness centrality, CC , (Eq. 3.3) as previously explained in the discussion of
space syntax terminology.
The clustering coefficient was created by Watts and Strogatz to measure the
cliquishness of local, first degree neighbours, by dividing the actual number of
links by the number of possible links between them. Using their words (but slightly
adjusting the names of the variables to correspond with the writing convention I
have chosen): “The clustering coefficient C p is defined as follows. Suppose that a
vertex v has kv neighbours; then at most kv ( kv - 1) / 2 edges can exist between
them (this occurs when every neighbour of v is connected to every other neighbour
of v). Let Cv denote the fraction of these allowable edges that actually exist. Define
C p as the average of Cv over all v.” (Watts & Strogatz 1998, 441) So the clustering
coefficient measures the fraction of connections of all allowable links in a first degree
neighbourhood and can be used as a graph level, C p , or a node level, Cv , indicator
and is written formally as follows:

2li
,
kv (kv - 1)

Eq. 3.12		

Cv =

Eq. 3.13		

1 n
C p = ∑ Cv
n v=1
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where li is the number of edges among members of the first degree
neighbourhood of vertex vi , and the number of immediate, first degree neighbours
of vertex vi is denoted with kv . Again, we perceive a strong similarity to the initial
setting with space syntax measures, in which the local characteristics are inspected
using measures such as the graph level measure of control value and the node level
measure of connectivity (i.e. valence, i.e. degree) (Hillier et al. 1984; Penn et al.
1998). To turn them into a clustering measure would only require a comparison of
interconnection of values within an analysis neighbourhood by calculating the ratio
between potential and actualized connections within it. The algorithmic solution to
extract the information from the graphs is slightly cumbersome, so an alternative
measure of locality is developed, even though the feature of interconnectedness is
lost.
As shown, many of the findings by Watts are related to the use of graph measures
at the level of the entire graph, i.e. summing up the local level indicator information,
and are therefore able to classify graphs on the upper system level. From my point
of view, an important distinction is made between small world networks and spatial
networks (Watts 1999) that bear different characteristics. This study has mainly
addressed spatial networks, but axial graphs are slightly different in the classification
sense as well. Jiang (2005) has provided preliminary evidence for the existence of
small world phenomenon in axial line graphs, which itself is an additional indicator
of method having explanatory power elsewhere than in physical structure alone.
This is an important hint towards the similarity of axial line division and other
complex graphs of a social nature, even though axial line maps lack the scale-free
characteristics (i.e. power-law distribution).291 Also, it has been shown by Jiang &
Claramunt (2004 a-b) that combining road segments by street name leads to graphs
with small world characteristics. The significance of these small world phenomena
to urban development in the era of improved communications and immaterialized
economic and information exchange is nicely described in Batty (2001b), even
though he is compelled to conclude that no comprehensive small world theory of
cities exist – yet.
From the point of view of the present study, a particular characteristic from Watts’
perspective raises additional questions; that is, the strict divide between the local and
the global, which in Watts and Strogatz’s formulation was divided into two separate
measures for the very practical reason of efficiency. The locality phenomenon has
become increasingly popular as analysis and modelling techniques improve, and
has become typical in recent research using bottom-up explanation methods as an
explanation of various urban processes. Examples of it can be found ranging from
Conroy Dalton’s explorations of visibility to the entire work of the space syntax
community and the theories of Batty and Helbing on pedestrian movement to the
entire family of Cellular Automata (CA) and Multi-Agent Sytems (MAS) models. Yet
the main problem remains: How do we define the degree of locality (or globality
alike)?
291
A more elaborate analysis of these novel graph characteristics in axial maps can found in Carvalho &
Penn (2003).

Watts and Strogatz used the size of an entire graph as a definition for globality
in path length function and the first degree neighbourhood as a definition for
locality, but there is no real reason to retain such orthodoxy of definition, and in fact
path length can be used flexibly from the very global to the most local immediate
neighbourhood, and for the clustering coefficient the same extension is naturally
possible, too. For path length, then, it emerges that this type of elaborate technique
was already used in two different earlier sources; the first of these is the accessibility
formulation by Wach & Kumagai (1973, discussed in Section 2.5) and the other is the
concept of radius in space syntax (discussed in Section 3.1).

It is easy to see that neighbourhood concepts can be seen either as crisp or
as fuzzy membership definitions. A crisp definition can be seen, for example, in
Figure 46, drawn by myself, where subcentres are defined on the basis of fixed
neighbourhood size, which is very common among planners when defining a
centre of some kind. By extending the concept of centrality over various scales of
interaction,292 as discussed above, the family of path length functions is created.
This naturally unfortunately increases the amount of data enormously, but since
every neighbourhood has a strong correlation with the subsequent one, the gradual
increase in the size of the analysis neighbour only changes the result smoothly. Only
the characteristic differences in a newly created family of functions are of major
importance. The explanation and usefulness of these requires some additional
292
It is noteworthy that localizing techniques have penetrated the advanced analyses scene and,
technically speaking, comparable constructs to the local quantification suggested here can be found in fractal
analyses (Frankhauser 2004) as well as in the common techniques of spatial autocorrelation (Anselin 1995) , both of
which are essentially based on moving the observation window. The only difference, then, is that our relativisation
is based on geographic space instead of Cartesian ‘peep-show’ scenery.

[Figure 46] Local neighbourhoods around subcentres of Espoo, Finland, defined by
theoretical 2-minute driving distance. The size of the reference circle is 750 metres
(Source: Joutsiniemi 2003d)
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discussion, as presented in Section 3.3. On the technical side, it is also possible
to blend the uncertainties in neighbourhood definition by using fuzzy definitions
of observed key neighbourhood sizes, which enable easier comparison between
various urban neighbourhoods until a suitable normalisation function is confirmed.
The explorative nature of the present study requires hard testing and continuing
with the analyses of tens or hundreds of neighbourhood sizes when necessary.
[Figure 47]. A diagram representation of fuzzy membership
function around the crisp value of radius 15

3.2.2 A toy world explanation for depth measure and
morphological change
The next stage is to build a model setting that would allow the testing of what
has been discussed so far. Watts classified networks into two separate categories of
graphs in general: relational and spatial graphs (Watts 1999). Spatial graphs, which
will be my focus from now on, differ from relational graphs in one particular way.
The links are only allowed to connect vertices according to a probability distribution
defined in terms of physical distance. This is understood instantly when thinking
of intersections in real street networks. It is highly unlikely to find a junction with
more than six street segments joining together without transferring structures like
roundabouts.293 This restriction renders impossible long-distance shortcuts between
huge clusters, which also yields the possibility of small world formation in spatial
graphs. The result of this is that clustering co-efficients in spatial graphs are typically
small, while the path lengths in turn are large.
Since the issues discussed earlier are simple in principle, but slightly more difficult
to interpret as a collective outcome, it is best to set up a toy world to confirm what
has been argued so far. This also allows some additional testing concerning the
issues related to the metapolis phenomenon in Section 1.5, so it is worth taking
advantage of.

293
Technically speaking, roundabouts are essentially solutions intended to surmount this difficulty. With
roundabouts the problem is distributed into a series of T-junctions and arranged in a circular shape; so my initial
statement on the number of connecting links per intersection holds for them, too.

The model setting (Figures 48-49) consists of a regular grid which, as we know
from the earlier discussion, is problematic to deal with common axial maps. This
initial stage is ‘eroded’ down into two further stages in order to mimic the process
explained by Pope (1996). Unfortunately it is not possible to be completely faithful
to Pope’s design, since the main purpose after all is the validation of the chosen
entitation and quantification methods. Yet the tests included provide sufficient
insights into the consequences of the morphological transformation that society has
gone through in the era of functionalistic modernism during the past century.
Five sets of model runs are included in Appendix 10 and only the results from
these are included here. The initial grid in the toy world under scrutiny is made from
5,100 road segments with a maximum diameter of 102 and a characteristic path
length (i.e. average mean depth) of 33.62. The segmentation is done on a junctionto-junction basis, which is a common description format of road centreline data and
also tested in fractional and angular analyses in space syntax. In the second stage
the initial grid is ‘erased’ to form a tree-like structure that considerably changes
the characteristics of the network of 3,700 segments by increasing the diameter
to 255 and the characteristic path length to 81.46. It is important to realise that
after this major modification it is not obvious where the centre point (i.e. the
shallowest in terms of depth measure used) is actually located. Finally, in the third
phase the lessening of network linkages has continued to a stage in which it can be
observed that the graph diameter has remained the same, the number of segments
diminished to 3,130, but the characteristic path length has still increased to 86.41.
These basic figures – stating that a roughly 40 % decrease in the length of the
road network has caused roughly a 260 % increase in average trip length – are prime
examples of why configuration makes a huge difference. More generally, this toy
world example is comparable to criticism addressed to traffic planners’ favouring
tree-shaped configurations, and who, mainly considering inter-urban transportation
needs, have ended up institutionalizing the norms that bedevilled intra-urban spatial
practices. This is also an example of what has been regarded as a major cause for
mode shift in everyday movement patterns or even, as Hillier has argued, a cause
of social malaise (Hillier 1996, 183 on). If this sounds too heavy a syllogism from
a minor exercise, at least it can be seen as a good candidate explanation for the
self-reinforcing nature of traffic planning, where imagined savings potentially lead
to weak-willed expenditures.

[Figure 48] An interpretation of three-stage grid demolition in Ludwig Hilberseimer’s
replanning of Marquette Park, Chicago (Source: Pope 1996, 82, modified)
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[Figure 49]. A gradual change of urban
grid used for testing the facts given

From these brief overall remarks on model setting – which have already told
us something that was untraceable from theorems – it is convenient to move to a
more detailed testing of these toy worlds. The five tests included in Appendix 10 are
snapshots from the gradual increase of the relational neighbourhood from which
the values on individual link values are calculated. Due to the slow and smooth
change of subsequent neighbourhood size, only every third stage is documented.
The size of the neighbourhood is printed in the lower right corner of each image.
The colours used in images range from blue through green, yellow and orange to red
– red indicating the highest and blue the lowest ranks in the set. The tests selected
here were set up specifically to answer the following questions:
•
•
•
•
•

Is the space syntax integration measure significantly different from the depth measure?
What are the phenomena that can be observed using these measures?
How does the saturation of central nodes develop?
How does the centrality change in an asymmetric configuration?
How severe is the bias under the edge effect conditions?

By looking at the three first series, the following conclusions may be drawn.
Mean depth and integration measures reveal essentially the same phenomenon.
The only difference in our test set is that the colour coding is inverted, which is the
intuitive sense of the definition itself. Areas with low depth measures are the ones
containing a larger portion of close neighbours than distant neighbours, and thus
can be understood as being more integrated and vice versa. The reason for identity
is based on rank-based usage of the analysis values. If the absolute values were to
be used instead, we would benefit only if aiming to compare different size model
settings with each other or if the data used in the actual work were highly skewed,
in which the logarithmic base integration value would have made a difference. This
is not the case with the data to be used, however (see Appendix 9 for a detailed
description), so the work may continue safely with mean depth values.
From these first model runs in a homogenously structured toy world, it can
be seen that centrality detects the only possible point of discontinuity, the edge.
Centrality, as we have called the derivations of mean depth, is thus quite logically in
this model setting interpreted as a tendency to maximize the edge distance. What is
even more interesting, however, is that edge is not considered ‘bad’ for a centrality
phenomenon, but instead is the reason for high scores in the analyses. By observing
how the increase in radius size makes the centrality travel across the plane, it can be
understood that the relativity radius is effectively just marking the desired distance
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from the edge. I believe this is a grossly underestimated and unexpected finding
concerning these very basic centrality measures that are widely in use.294
Finally, from the basic setting tests it can be seen that the saturation point
for analyses when half of the minimum distance is reached. Beyond this point it
is questionable whether any valuable information may be gained. Series 3 in the
Appendix 10 shows how, in the latter half of the analysis, the number of saturated
points gradually increases.
The last two settings show how difficult it is to observe the relative position of
edges as the structure grows more complex. Both models, based on the change
of analysis radius, show the vivid movement of centralities which consists of the
emergence, death and merging and clumping of central locations before they
eventually arrange themselves around the shallowest point of the graph. The major
difference in these two last analyses is in the behaviour of the system after the radius
has reached the size of a half diameter. In Series 4 the most central location has
already been found by then and the subsequent phases are almost as dull and static
as they are in the initial toy world setting. Series 5, on the other hand, continues to
relocate its centre until it ends up at the same final stage as the previous series. This
is an example of potentially biased modelling in high radii, if the analysis area is not
to be considered a closed system (an island, a walled city, an entire region etc), but
the edges are a result of arbitrary selection and thus not natural boundaries. From
this may be concluded that if the analysis is not stabilised around the shallowest
point in a graph when half the graph radius is reached, some reconsideration is
called for, since most likely it will travel to that point by the end of the analysis.

3.2.3 Episodic movement explanation
Since the present study is stepping slightly outside the common space syntax,
as well as the gravity, modelling tradition, some further explanation for the model
choice is appropriate. To strengthen the entitation background it is worth looking
back to the impressive series of articles by Mario Krüger (1979a-b, 1980, 1981a-b)
developed from his doctoral thesis; and considering the thoroughness of the work,
it seems surprisingly undervalued. Especially the first two studies probe the very
principles of quantitative morphological analyses from the entitation, connectivity
and adjacency sides. Therefore, I cite Krüger’s general prescription of the desiderata
for these measures in the following list (Krüger 1979a, 75):
•
•
•
•

each measure should express a particular characteristic of the system of graph
elements being considered;
they should establish a numerical ordering among different sets of built forms;
the same result should express the same property in different sets of built forms; and
the measures should give some indication of the structure of each set of built forms,
up to isomorphism.

294
Therefore, it is a mild understatement by Crucitti et al. (2006) to claim that “this index turns out to
be so vulnerable to the edge effect”, since the index in fact is not even a centrality but instead an ‘edge detection’
measure. This is an even more severe addition to the edge effect discussions.
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To meet these requirements, Krüger derived morphological graph representations
in five graphs, where the first three are descriptions of built form and consist of
detailed information on partitions, external walls and entrances of housing units.
The last two describe the properties of, as he calls it, channel-networks and consists
of a description of block level neighbourhood centres and the street network (Krüger
1979a-b). It is notable that the first three graphs alone form a fragmented network
of housing only connected to a unified graph through the fifth element – the block
connectivity graph. Moreover, from our point of view, it is important to realise that
the street-network graph is complementary to this set of housing structure graphs,
and in fact to a dual graph for block connectivity with the commutative relation
{face ó vertex}, which helps to justify the use of it outside the original context. The
relation is best seen in Figure 50.
[Figure 50] Mario Krüger’s type 4 and 5 graphs (Source:
Krüger 1979b, 305; found also in Steadman 1983, 244)

A division similar to that in Krüger type 4 can also be found through the derivation
of characteristic points in Jiang & Claramunt (2000, revised version Jiang & Claramunt
2002). It ought to be mentioned that despite a similarity of structure, their principal
usage idea is an attempt to catch up with the characteristics of axial visibility and
therefore different from Krüger’s approach, as also from the one I am going to adopt.
From a practical point of view, the huge benefit of this division is that it is extremely
suitable for routing calculation algorithms, and therefore largely available in road
centre-line datasets in various GIS data formats, which is also a main motivation
for testing it in the fractional and angular analyses, as discussed earlier. From the
perspective of further study, a minor difference worth noting is that the data used
in morphological analyses is usually strictly related to densely built urban structure,
which plays only a minor role in metropolitan structures. Therefore, in adopting road
centre-line data it can only be considered an ad hoc construction for unit division,
and can be easily justified, for example, on the basis of computational efficiency, but
the results should be considered tentative, until a closer look at the data is provided
and the explanatory basis confirmed. A major difference can, for example, be seen
in block structure, which would be difficult to use in sparsely built residential areas
with culs-de-sac and tree structured road networks dominating.
A more detailed look, on the other hand, gives a sufficient idea of regularities
within the dataset in use. Appendix 9 contains a summary of the data, so only some
main remarks relevant to understanding the analytical principle are included here.
The centre-line data in the greater Helsinki area are divided on the bases of road
types. This ‘typology’ seems roughly consistent with a certain morphological feature
– the length of a road segment. A summary of this feature for a larger area of region,

as well as for a smaller one, is included in boxplots indicating five key statistics of
each road type group (Figures 51-52).

From these figures it is easy to see that the medians and quartiles of each class
fall into place quite nicely according to the speed in each segment. From the plots
we may easily see that the longest segments (far right) are part of the intra-urban
highway structure having a speed limit of 120 km/h on the outer fringe and 80 km/h
on the inner fringe. At the other end of plot, the shortest links are those located
in intra-urban centres and suburbs, where the speed limits vary from 30-50 km/h.
It is notable that the number of outliers near to the minimum and maximum of
each class is quite unimportant due to the size of the data set, which is used in a
highly aggregative averaging method that smoothes out these differences. Some
specific types break the pattern of this speed-length correlation, but this is discussed
in more detail in Appendix 9. The structure of the data identified thus indicates
that the morphological pattern roughly estimates the analysis done in time-based
metrics since, regardless of the link length, an approximately equal amount of time
is spent on each of them.295
295
Even though the average travelling distance to all potential segments is effectively a highly abstract
feature of the structure, and therefore a theoretical link value is not comparable to any true travelling time of a
particular route. After all, we are calculating averages of averages, which, incidentally, in Greater Helsinki analyses
makes around 2.7 billion potential trips in diameter-sized radius alone. Yet, understandably, from the everyday
point of view, it has proven to be of great interest and helpful for understanding the methodological bases.

[Figures 51 & 52] Boxplot description of road centre-line data of an area containing 25,736 (above)
and 52,056 (below) line segments. Major axis with link length, minor axis different road types in
original data. For more detailed description and discussion of data, see Appendix 9.
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The unspecific character of the diversity of entitation easily leads to endless
discussion, as we have already encountered in searching for the meaning of axial
line or, for example, any selected weights of the gravitation modelling. One might
wonder how the loss of speed in the log-jammed traffic should be taken into account
or if public transportation routes or car ownership should play a more important role
or if the different usages, user groups or hours of day would make a difference, or
whether the exclusion of rail transport from the analytical frame is crucial. These
are a few of the numerous possibilities for extending and enhancing the framework
described for a specific need, but a direction with decidedly little to contribute to
this dissertation operating at the level of centrality phenomena. The main reason
for this is that additional rationality may not cope with the evident irrationality
and multiplicity by which we are surrounded in these issues that are simply too
diverse to be squeezed into a single definition. In this sense, this is referent with
an intelligibility explanation (i.e. a body of ideas) in space syntax, which separates
the static character of space supporting multiplicity of activities and usages from
the realised activity itself (Hillier et al. 1987). Thus understand, the intelligibility
explanation is the core of an analytical method to catch “the property of the space
that allows a situated or immersed observer to understand it in such a way as to
be able to find his or her way around in it” (Bafna 2003, 26). In the sense, then, of
measuring the key characteristics of intelligibility, it is the scalarity of measures that
allows the understanding of a whole from its smallest parts (Hiller et al 1987). Today
this feature is more generally known as an instance of fractality.
Examples of these variations can be found in several studies, showing that the
rationality of human activities only approximates computational rationality, such
as the entire field of study of psychological research that was acknowledged with
Daniel Kahneman’s Nobel Prize in Economics, or alternatively the various studies in
bounded rationality (Arthur 1994). Since the main data fits quite acceptably into the
time-based metric frame, we may speculate whether this variance in fact would be
smoothened out by our cognitive insensibility to this minor variance. Seppo Aura
has argued that the movement of individuals can be acceptably understood on
the basis of cognitive episodes (Aura 1989). According to him, in social psychology
the use of episodes as a unit of analysis dates back to the 1960s and 1970s, but
has lacked a unifying definition. Despite the diversity, all episodes contain certain
common features, such as the use of concepts like non-fixed temporal pattern that
tries to prevent the atomization of activities into meaningless pieces of action.296
According to a definition originating from Rom Harré, an episode is the shortest
possible unit containing all meaningful aspects of a social relationship. According
to a parallel definition from Elliot Jaques: “they are individual actions and social
interactions replete with human desires and values, linked to the processes of
carrying out intentions to their point of completion.” (Jaques 1982, 104 cited in Aura
1989, 105/187)
Therefore, despite its irrelevance to the analyses, we may recall that in calculations the approximate time spent in
each segment is around 12 to 14 seconds on average, or maybe even more understandably stated, 4-5 segments
per minute.
296
To avoid unnecessary environmental determinism in the case of a movement episode, it should be
added that in principle every actor can parse an episode (if it is long enough) as he or she pleases (Aura 1989, 110).

[Figure 53] Gordon Cullen’s classic view of serial vision (Source: Cullen 1961, modified)
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Thus episodes are cognitive temporal structures that have beginnings, middles
and endings which can be recognized from a multiplicity of diverse activities and
temporal scales, such as daily activities, social situations and even experiencing
music. Therefore movement in a built-up area should no longer be divergent
ground (ibid.). Stepping outside Aura’s frame, which had been adjusted for the
observation of architectural scale models with an endoscope, we may argue that a
major clustering of interventions in individual route choices is likely to occur in the
intersection zones of encountering individuals and vehicles, while the unperturbed
middle sections of episodes are found when meandering among the parallel flows of
other people in motion. Thus the encounters and different directions create tensions
and particular rhythms for movement and divide them into meaningful sections that
can be understood as episodes.
There is not yet much we can say about exact entitation, but interestingly Jiang
and Claramunt (2000, 2002) have provided a method to continue the argumentation.
They have described an algorithm for extracting the characteristic points of a street
network which can be evaluated on the basis of visibility and come up with a network
that is equivalent to the network divided into intersections. Therefore the resulting
graph would contain structures that are meaningful in both visual characteristics as
well as functional traffic characteristics, and thus would make a good candidate for
episodic division. The resulting structure is like the junction-to-junction data under
scrutiny and thus more fine-grained than the common axial line data.
As a comparison for the cognitive reasoning of axial lines, we should also recall an
alternative, probably the best known example of episodes and episodic movement
in architecture: Gordon Cullen’s serial vision (Cullen 1961, 11). Both these examples
introduce quite different concepts, either as movement-based lived episode or as a
vista-based perceived episode. This difference is obvious if we take a look at a serial
vision casebook where eight serial episodes by Cullen are covered by only two axial
lines (Figure 53). This would suggest that axial lines could be subdivided into more
detailed units that would be understood as cognitive episodes. It can be argued that
the characteristic points for Cullen’s anonymous observer are related to archways
and landmark points, but interestingly their frequency is similar to characteristic
points in the abstractions of Jiang and Claramunt, as well as Krüger’s Type 4 graph
discussed earlier.
There is no doubt that in a limited walking-size neighbourhood in a built-up
area, a vista is likely to have a certain connection with an episode of movement,
but jumping into larger urban structures with this assumption would need
further explanation. In a larger structure, movement is more likely to be vehicular
movement, where the formation of episodes is decidedly different from pedestrian
movement. As a concluding remark, we may state that a single episode contains only
a limited amount of information and is highly relative to speed of movement. At an
operational level of analysis, the biggest problem is not the chosen length of the unit
of analysis but the incoherence of data if some of the units fall beyond meaningful
definition. Equally well, an episodic structure may be seen as a constituent of a
substructure of axial division as the results in angular analyses also seem to suggest.
The problem lies in entities such as major highway arteries that are difficult to
explicate with the same arguments.

Finally, we may test two different data sources,297 one from Krüger and one
from Hillier and Hanson, against each other. To test the differences between these
two, entitation analyses were run for equal sized street networks. The analyses
maps containing all the results are included in Appendix 8, and a short summary
of difference is included here. Most surprisingly, in spite of the different division
principles, the graphs themselves seem quite similar. The following statistics were
derived for the larger area and were based on a step-wise calculation298 of threshold
5, so exact numbers were not recorded. The radius-radius (i.e. the mean of the mean
depths) is approximately 54 for the axial map and approximately 55 for the generic
accessibility map. The maximum diameter for both was found to be between 155
and 16. Moreover, the sizes of maps (in terms of line segments) were surprisingly
similar. The number of lines in the axial map configuration is 19,130 and in the
centre-line map 19,850, giving a difference of less than 4%. In smaller embedded
downtown analysis areas, the difference was larger, but still quite comparable with
the surrounding area, if we consider that this is the area where the axial lines are
most likely being cut down. The following table summarizes the results.
Measure \ Map type

radius-radius

diameter

size

Axial data - Suburban Helsinki

~54

155-160

19130

Centreline data - Suburban Helsinki

~55

155-160

19850

Axial data – Central Helsinki

25,1

84

3429

Centreline data - Central Helsinki

29,5

75

3477

In the analyses the measure used was the mean depth and in the final output
the integration core of 15% was highlighted for the comparison. From the larger
Suburban Helsinki analyses we realise the striking similarity of the two different
methods. At the short distances of calculation, the centres taking shape are located
almost identically. Only when the distance increases close to the radius-radius value
do the developments diverge. The last pictures of graph diameter sized analyses
show the false centre determined by the selected area.
297
The centreline data is the same as that used in all Helsinki analyses in this study and described in
Appendix 9. The axial line was provided for analyses by kind permission of Dr. Mervi Romppainen. The matching of
datasets was done on the basis of an axial line dataset.
298
I.e. the calculation was done normally on the step-wise principle, but due to the amount of data only
every fifth value was stored in the actual database for further inspection.

[Table 6] Summary of the key figures in a comparative
analysis of axial line and centre-line data.

Comparison of space syntax axial and GIS based episodic
centreline data

[Figure 54]. The point where the major differences
occur in a larger analysis area. Road centreline
data on left side, axial data on the right (Source:
Joutsiniemi 2005b).
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From the downtown example we can see the major difference in the number of
intermediate centrality levels in the generic accessibility maps before the edge effect
takes over the analysis. In the axial maps these finer stages are dominated by the
central grid structure, commonly known as a deformed wheel, while in the centreline data several actual local centres of attraction and areas of economic interest can
be recognized in the process, where centrality traverses through the grid structure.
The differences are as such great and in fact favour the entitation proposed in this
section.
[Figure 55] The major differences in central Helsinki. Axial data
on the top, road centreline data below (Source: Joutsiniemi
2005b).

3.3 Multiple centrality in action

T

he earlier discussion concerning the urban formations discussed under the
term metapolis as well as the multitude of modelling traditions attempting
to mimic its dynamic, has (if nothing more specific) definitely inculcated the
idea that centrality is not a monolithic feature but instead must be approached
from different angles. But is there a way to trace back the process leading up to
this clearly unplanned origin of the clustered multitude of activities in current
urban formations? In the following section I attempt to show that this is indeed the
case. In this last section of the study all earlier threads are drawn together and the
resulting generic framework of accessibility is tested in the Greater Helsinki area.
The description of the development phases of the area is included in Appendix 7 and
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a detailed description of the data used in Appendix 9.
Multiple centrality, in one form or another, has been an issue in space syntax
from the very beginning, when the variety indices were introduced as a core of
the description language. Most characteristically, this is seen in the application
of static local and global measures of configuration, but also in the use of more
dynamic measures such as choice (i.e. betweenness). Some attempts at merging
measures to create more universal indicies have also been tested, for example in
Krafta (1994) and Teklenburg et al. (1997). A more recent development of the use
of multiple measures is found in Multiple Centrality Assessment (MCA) by Porta et
al. (2005/2006b, 2007, 2008) and in Crucitti et al. (2006) of the Human Space Lab in
Milan. They operate with primal graphs and have extended their study into metric
space, which allows the usage of an accurate locality definition by means of distance
travelled. In addition to betweenness and closeness centrality measures, this group
has developed and implemented novel centrality indicators, such as information
centrality and straightness centrality.299 If the closeness measure can be understood
mainly from the perspective of intelligibility and betweenness as a manifestation
of path clustering, information centrality possibly has its use in risk or vulnerability
assessment, while straightness maybe be important in way-finding and in explaining
how our cognitive maps are composed. Using measures intelligently, the essential
feature is to ascertain their suitability for multiple usages and, moreover, for multiple
normative desires. We seem to know our indicators quite well, but the problem
persists of how the results should be interpreted and how the ‘goodness’ of results
is evaluated.
An accessibility pattern with radii is but a prime example of this confrontation.
Porta et al. (2007) have used their MCA frame in the explanation of the sustainability
of urban neighbourhoods and it is not too much of an exaggeration to claim that
space syntax has become a task force for a specific romantic urbanism. Compared
to the approach taken in the present study – and I hesitate to state this, because
the simplification makes it understandable but is partially misleading300 – it is used
as an indicator of the phenomenon of metapolisation, which is largely considered
the absolute opposite of both of these aims. The issue is naturally more complex
than this, so one must be aware of where the limit of configurational explanations
begins and ends and when they are bound to the individual preferences and cultural
prejudices that are so common and virtually inevitable in planning. An interesting
clarification on the limits and explanatory capabilities of centrality functions can
be found in Hillier et al. (1987), in which they have cleverly realized that different
centrality measures in space syntax tend to correlate with different aspects of actual
movement. As they recall, the closeness centrality measure (i.e. integration, depth)
is best understood as centrality for movement to and betweenness centrality (i.e.
299
Information centrality is a measure describing how the efficiency of a system is decreased by
removing all the segments associated with a single node. It is discussed from the technical perspective in Latora &
Marchiori (2004). Straightness centrality, in turn, is a property of the shortest path describing the linearity of the
path and can be extracted from the betweenness centrality calculation process.
300
As I see it, the fairly recent transformation of city centres from what at one time were regarded as
decrepid environments into virtually historical theme parks cannot be properly evaluated without setting it within
the context of the major economic change that made metapolis, as well as its CBDs, as they appear today.
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choice) as centrality for movement through (ibid. 237). This leads to a simplified
explanation for why closeness measures have good correlation with the already
formed central locations that already host activities. This is because the movement
within these areas consists of complex movement patterns that are other than
simply intentional task-oriented trips. Movement through – that tends to channel
into specific routes and is the minion of transportation planners – on the other hand,
has an importance in the formation of cognitive maps. This is the best explanation
for the Cannigian development cycles (see Section 1.2.2) and in fact is an enabler of
centre creation without any characteristic seed or proto-nucleus. This can also be
seen as the paradox of traffic planning that cannot guide and channel traffic flows
without affecting major processes in centre formation.
Our focus is on the multiscalar nature of metapolis formations and additional
impetus for this topic of centralities in action can be found in August Lösch’s farsighted recognition of how in many respects towns are miniature copies of economic
landscapes (Lösch 1940/1967, 440). To emphasise this aspect, which contains an
early remark on fractality, is quite different from the common fractal edge growth
models – and some further thoughts about its origin are necessary. This idea of
an economy operating on multiple scales, and its reflection in various aspects of
centrality phenomenon, creates an extremely deep causal path. It can hypothetically
be described as either a self-organized process or, alternatively, as an intentional
planning effort. In the latter case it requires planning that penetrates all scales in
time and space in order to manage growth due to changes in population, production
and their spatial needs. The idealism for this type of total planning idealism has
been forgotten, at least with the decline of cybernetics, but an even less ambitious
planning view finds an almost unbearable challenge in it.301 From the perspective of
further development, a more dramatic result of this is that it questions something
fundamental in the growth of cities as well.
More specifically, this would contradict the common notion of growth as a
process simply adding something to the peripheral sector or virgin nature outside the
existing structure, but would stress the necessary adaptation that must have taken
place to keep the already existing locations competitive socially and economically.
Thus the growth, or more properly the differentiation caused by it, did not start
in any particular place that required a planning intervention, but instead started
simultaneously everywhere, but benefitted certain locations more than others. A
related suggestion is also found in Haken and Portugali (1995), but my aim is to
fit accessibility in this picture of self-organizing phenomenon in the role of control
factor. A good example of this type of growth and adaptation process can be found
in the exploration by Thomas Sieverts (Sieverts 1998/2003) of the development
phases of the Stuttgart region, where numerous villages and hamlets since the 1850s
have remained in the same locations but transformed at diverse speeds. Therefore,
the macromorphological urban pattern of Stuttgart emerged over 150 years from
multiple local interactions and the hierarchical centrality, which in Germany had
301
The role of planning acts in this hypothesis lies, therefore, in ad hoc solutions trying to keep every
subsequent phase reasonable for all agents. Therefore, the idea of planning as a tool for managing the long-term
large scale displacements is as convincing as the form of the Stuttgart region is haphazard.

for a long time been a normative planning tool, was in fact much more a result of
autonomous self-organizing interaction than an actual planning achievement.

To prove the previous argumentation would, naturally, not be easy, and it is not
even my aim here, since it was chosen simply to give a sufficient indication of the
multitude of interrelated processes involved when the concept of accessibility is taken
under detailed scrutiny. As noted at the end of Chapter 2, accessibility is at the same
time an ultimately intimate feature of all agents, but at the same time a statistically
observable attribute with great explanatory power. To start the detailed scrutiny, it
is useful to think of accessibility once more from this adaptation perspective. In the
development series of Stuttgart, the increasing grain size of urban agglomerations
that can be traced back to fundamental change in the modes of transportation
in the period of second modernization is clearly discernible. For this adaptationdominating view of planning we should be still able to trace same phenomena of
granularity from the existing structure, since none of these modes of movement
have disappeared. The agglomerations of the 1850s were characteristically formed
on the basis of pedestrian movement, which still is the main mode of movement in
cities. Since then the invention of bicycles has mostly replaced the horse and the
private car the horsedrawn carriages. In addition to this, public transportation has
entered the scene and none of them has completely superseded the others. The
major differentiating feature in each of them is in the size of the potential catchment
area. Surprisingly, a closer look at a sample area from the outskirts of Helsinki (Figure
57) gives a hint of the phenomena that will be analysed in more detail later on.
This series chosen from the small end of gradually changing analyses radii gives
a certain insight into the earlier observation achieved in toy world testing. The
beneficial use of small analyses radii is slightly problematic, since the movement
neighbourhood that it is supposed to represent, the pedestrian movement, hardly
uses only these road linkages. Especially in a suburban neighbourhood, it would
require an additional layer of information on walks and informal paths that are typical
of suburban local movement routes.302 Since this scale is traditionally understood
quite well in common space syntax analyses, there is no point in putting additional
effort into these areas and we may use this more as a technical aid for validating
the method rather than as a strong analysis result. It aptly exemplifies some basic
features and also some limitations of the chosen method that were already visible in
the toy world samples. Even though the pattern of the centrality movement is similar
to that in a regular grid, moving from the edges to the graph centre the explanation
of the results is more difficult, because the edges differ from each other. The edge
302

In axial map analyses the corresponding separation according to mode is tested in Penn et al. (1998).

[Figure 56] Stuttgart 1850-1950-1995 and topographical
setting (Source: Sieverts 1998/2003, 133-135)
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[Figure 57]: The evolution of closeness centrality in six small radii in the Helsinki metropolitan area.
Low mean depth values are shown in blue.

effect as an analysis bias is difficult to observe, because at least three different types
of graph edges exist. The first ones are the natural seafront in the south, second are
the graph edges within the graph that are caused by the sparse porous urban fabric
and finally the ones that are cut out by the selection of the study area in the north.
By definition, only the last type of edges is the one with potential error.
From the perspective of the analyses results, there is also an additional feature
that may cause trouble in the interpretation of the calculation. In the northern area
it is questionable whether the resulting good integration is a result of a biased area
or the erroneous assumption of the road segment length vs. speed correlation. If this
is the case, as we know from the information given in Appendix 9, it would require
very strong confidence in the existence of movement episodes (i.e. to believe that,
despite longer links in sparsely built areas, people moving there do not consider
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them any longer than the episodes in other locations). As a conclusion we may recall
that the edge effect seems very difficult to estimate without embedding the data
into larger data in small analyses radii where the stock of analysed lines is small,
and thus the missing data outside the study area might have a significant distorting
effect. Therefore, in uncertain cases screening out the uncertainties in the edge area
seems the most reasonable solution, therefore only using the results from areas
that are clearly distant from the artificial edge. In the middle of the analysis graph
the centrality seems to mark neighbourhoods of a certain size and therefore works
as the toy world samples suggested. In these neighbourhood sizes the detection of
clusters is not so useful, since they are mostly quite easily recognized from the map
by simply looking at the graph. On the other hand, some non-trivial cases exist, as in
Central Helsinki, where the physical extent of a cluster exceeding the analyses radius
and substructure of that area is revealed. Similarly, the benefit of the analyses will
become clearer when the analyses radii exceed the characteristic suburb built-up
neighbourhood unit size and it becomes far more difficult to recognize where the
large scale centrality scores highest.

3.3.1 Neighbourhood sizes according to use
The next task is to increase the search radius and check the validity of the analyses
there. To give a further explanation for the existence and working principles of the
various scales of movement discussed at the beginning, I will take a closer look at the
personal travel behaviour so that, by following Yacov Zahavi et al., the postulation
discussed in Section 2.5.2 is found sufficiently constant. Kölbl and Helbing have
argued that the commonly recognized constant travel time hypothesis is, in fact,
just a special case of a more general personal energy consumption budget (Kölbl
& Helbing 2003). According to them, this approximately 75-minute time budget
is comparable with a 615 kJ level of daily energy consumption. At this point it is
important to stress that the energy share is that of the traveller, not that of a vehicle.
They convincingly explain the constant nature of energy consumption by comparing
it at one-minute intervals. This turns out to vary between pedestrian (15.4 kJ/
min), cyclist (14.6 kJ/min)303 and a car driver in congested surroundings (13.4 kJ/
min). A similar group scoring approximately 2/3 of the previous group are the public
transportation commuters (9.2 kJ/min) and motorists in unperturbed conditions
(8.2 kJ/min).
An important result from the energy budget hypothesis would be the differentiated
neighbourhoods between different modes of movement. The approximate equal
energy consumptions per minute (~14 kJ/min) for a realistic walking speed of 1.2
km/h, a cycling speed of 12 km/h, and car-driving in the rush hour would indicate the
existence of different kinds of neighbourhoods for daily routines. Within the equal
time unit, different sizes of potential accessibility neighbourhoods are reached. A
delicate detail for metropolitan transportation arises from the fact that the energy
consumptions fall, roughly speaking, to 2/3 of the previous values in average public
303
Naturally these figures are not comparable with trips simultaneously understood as physical exercise,
which seems common among some devotees.
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transport travel or in uninterrupted driving conditions that can reach up to speeds
of 120 km/h in non urban surroundings (Kölbl & Helbing 2003). The most striking
conclusion from this is that every step from pedestrian to bicycle to car-based
movement would indicate an order of magnitude of longer travelling distances and
it is actually quite delineated with the size difference between cities of the first and
the third modernization. Recalling the geometric necessity of squared distance-area
ratio mentioned by Leslie Martin in the citation in Section 2.3 (Figure 31) means a
hundred times large distance and a 10,000 times greater potential land consumption
pool,304 which helps understanding why the ancient tools for land-use planning
suddenly became totally obsolete. This puts the transportation system in the central
focus and gives an easy enough explanation for why the highway intersections have
become counterparts for traditional centre formations.
To test the exact consequence of this with Greater Helsinki data, a check for a
given hypothesis of episode-based movement was made. Since the edge length in
the chosen episodic, junction-to-junction divided graphs tends to grow according
to road standard, the time spent in each link was earlier claimed to remain
constant and thus correlate with real time-based analysis. By performing two sets
of calculations, it is possible to compare how well this hypothesis holds true. The
pictures below (Figure 58) show the integration of an episode-based network
compared to integral accessibility based on travel times. The pictures show different
sizes of neighbourhoods in a manner similar to the calculations in the earlier toy
world examples. Radii were chosen to roughly match time-based accessibility
intervals of five minutes. A closer look at binary steps and minutes suggests that the
proper frequency for snap shots would probably be 7min, 14min and 21min marks
to fit better with visually inspected key frames in binary calculation. In testing the
accuracy this chosen interval has no effect. There are some differences to be found,
especially in the first picture of binary step series, but it would be foolish, with the
facts and background checks given on edge effect, not to propose them as indicators
of a similar phenomenon.
In general the pictures are very much alike. Both sets show different integrated
neighbourhoods according to the maximum depth of calculation. Taking a look at
these two different methods of analysis, it is fair to say that (at least) in the Helsinki
metropolitan area the binary step analysis serves as a very decent estimation of
actual travel times. The excellence of the method lies in its speed of analysis. In
very large networks, as the metropolitan flow networks usually are, the analysis
performed from every connection to every connection is always on the edge of a
combinatorial explosion. The ordinary breadth-first algorithm used for binary step
analysis makes it possible to reduce the shortest path calculation complexity for
304
A counter argument to this is often formulated on the basis of the far greater spatial requirements of
vehicle-based traffic. This, unfortunately, is able to beat the gain from the speed change. Herman Knoflacher (1995)
has calculated that the 50 km/h moving vehicle consumes 200 square metres of land, which is some 40 times
more than a pedestrian. If we estimate that a vehicle moving at 120 km/h requires, say, ten times more from the
road network covering 25% of the surface, we realize that the ratio of additional space gained from the increased
movement speed is still two orders of magnitude greater. This rough calculation suggests that today we are able to
manage 100 square metres of metapolis for every 1 square metre of traditional city with the same personal energy
consumption.

[Figure 58] Comparison of the episodic binary-step calculation (left) and the true theoretical
travel time (right) in the same network in the Helsinki metropolitan area
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one link from n² of the Dijkstra algorithm305 to a far more reasonable n. In actual
computer time this means that analysis times can be cut down from several hours
or a day to a few minutes, which is essential for any extensive testing. With this
comparison the accuracy of analysis is considered good enough to complete the
further tests in this work.

Fuzzy neighbourhoods of metapolis
Another derivation from the Zahavi hypothesis of constant travel time (or the
Kölbl-Helbing hypothesis of constant energy budget) concerns the centrality clusters
305
‘Dijkstra’s algorithm’, conceived by Edsger Dijkstra in 1959, is a graph search algorithm that solves the
single-source ‘shortest path’ problem for a graph with non-negative edge path costs, producing a shortest path
tree.
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found in various analyses of neighbourhood sizes (i.e. radii). Due to reasons of
practical efficiency caused by the dataset size, the analyses in the previous section
had to be carried out with unembedded data. This caused some strange behaviour
at the edge region of the graph so an additional set of analyses was run with a larger
dataset, the edge of which was hidden from the output images to prevent focusing
on areas that are potentially affected by the unknown structure outside the study
area. Comparison with the embedded and unembedded data sets in turn revealed
something interesting about the nature of the edge effect in the study area. On the
other hand, the saturation of central nodes in this study area setting had only a
minor effect, which presumably has to do with the original data set that in most
cases contained the majority of roads in the region.
Results with the larger dataset give some further insight into the intermediatesized neighbourhoods between local and global and may be helpful when trying to
understand the radii-based centrality phenomenon more clearly. Since the network
is roughly speaking standardizing the energy consumption within a single link, the
different modes for traffic also have different-sized neighbourhoods, all of which are
equally possible to reach within the same energy budget. So if this correlates with
the actual movement patterns, the different kinds of functionality should be found
located within the most integrated parts of these various-sized neighbourhoods.
And not surprisingly, this is also true. Before analyzing these results, it should be
mentioned that centrality clustering far enough from the successive stage was
chosen on the bases of simple visual inspection, and it can be seen that three
different formations may be recognized before the centre of the graph becomes
saturated from the distance corresponding to the half diameter size onwards.
Even though it would be technically possible to find the best fit of certain data
for specific activities, and thus to ‘calibrate’ the analyses, this path has not be taken
for a number of reasons. First, the gradual changes are so smooth and the number
of truly different centrality clusters so small that the potential benefits gained from
this round would be negligible. The second reason was already encountered in
Wilson’s further derivation of SIMs, suggesting that the distances are not necessarily
fixed and giving exact numbers only would lead to the temptation to overplay the
seemingly exact result. Third, these changes in parameter settings can actually
be caused not only on the location changes of attraction points but also user
preferences among multiple affordances that are rapidly changing fringe areas. The
last examples of changes in this direction were reported by Echenique (2007), who
found an over 56% increase in average length on average passenger trips and 70%
on freight distances over the period 1972-2002. These figures are already convincing
enough to show that the market areas are constantly changing. This is evidently a
consequence of changing distance area ratio, as discussed earlier – and likely to lead
to the relocation of various activities.
Therefore I provide here a rough description of these neighbourhood sizes,
to name them temporarily in this section, and in further inspection to relate
neighbourhood sizes to some common economic activities. I will thus call these
three clusters of good accessibility, rather technically, the nearby neighbourhood
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around a radius of approximately 30 steps, the far neighbourhood for a distance
over 100 steps, and the one inbetween the intervening neighbourhood at roughly
60-70 steps. There is also clear clustering at shorter distances, which could be
named the instant neighbourhood, areas likely to be found around radii 10. Due to
the nature of step-by-step growing sub-graphs that lead to a structure where every
larger neighbourhood necessarily includes all smaller neighbourhoods, the changes
in sequentially following sub-graphs are extremely small. This makes the naming of
different kinds of neighbourhoods more or less arbitrary. The neighbourhoods have
thus only slightly differing characteristics when extended up to 20% smaller or larger
than the values mentioned below.
Some first impressions of these neighbourhoods could be described as follows.
The instant neighbourhood can be seen as the closest surrounding area, which usually
contains the services that are located within residential areas. This neighbourhood is
empirically found to be located inside a 10-step radius. Since this neighbourhood is
especially suitable for pedestrian- and cyclist-based movement, for detailed analysis
it would be necessary for the road network to contain even the smallest footpaths.
Due to these data limitations, these are excluded from detailed exploration. At the
other end of spectrum lie the far neighbourhoods that typically contain locations
suitable for logistic and delivery services and requiring good accessibility to the
entire network. In cases of metropolitan-sized structures, these areas are so large
that they are far beyond the mobility budgets of the ordinary citizen and form into
locations of commercial transportation.
The two neighbourhoods inbetween are slightly more difficult to define exactly,
because if we are trying to operate with accessibility defined in terms of energy
consumption, the 30% difference in public transportation distorts the expectations
of time-based setting, but if any terminal time is assumed some balancing
should occur. Therefore, these two neighbourhood sizes are best seen as certain
multimodal transition zones where the changes, like that reported by Echenique
(2007), in travel preferences are best seen. The nearby neighbourhood is found to
be the most important neighbourhood in terms of commercial areas as well as the
formation of traditional centres. This distance is easily accessible by car and also
easy to reach by public transportation and bicycle. Public transportation seems to
be an essential feature in these areas and, for example, some additional test runs
not included in this dissertation with the Greater London data showed that analyses
without underground lines are more or less unsatisfactory.
The intervening neighbourhood starts at the radius that is mainly too large to
reach with public transportation (possibly because of the increasing effort caused
by trip chaining). The difference between the size of this multimodal characterized
neighbourhood and the next larger one could be explained by a different ratio of
customer- and freight-oriented transport. This is a neighbourhood that contains
areas suitable for work and retailing. This assumption follows the general pattern
of the gravity-based transportation model that has shown that people are generally
willing to travel farther to work than they are for any other purposes. Also, some
retailing facilities have adapted their business plan according to the ever-increasing
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[Figure 59] The nearby neighbourhood;
the 7 black dots represent the locations of
the clothing retailer Hennes & Mauritz

[Figure 60] The intervening neighbourhood;
the 2 black dots represent the locations of
the furniture retailer IKEA

[Figure 61]The far neighbourhood; the 2 black
dots represent the main mail delivery centres of
Itella (the successor of the former national post
organization in Finland)
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car ownership. The top 15% of values considered as an integration core of each of
the above-described neighbourhoods is shown in Figures 59-61.

Albert-László Barabási suggested in his inspiring work on recent advancements
in network theory that a national road network is a typical single-scale network
(compared to the scale-free network of air traffic) and happened to taint its
reputation by making it sound ultimately dull (Barabási 2002). Yet every planner
knows that this is not the whole story. Earlier, in Section 3.1.2, I argued that when
using Watts’ definition we are talking about spatial graphs, but the characteristics
of these networks have not yet been discussed. After basic calculations on the
smaller Greater Helsinki dataset, it became clear that the most centrally located
street segments are some 93 steps apart, while the most peripheral locations
make a degree of separation of 186, averaging a characteristic path length of
62.33. This is about ten times deeper than the 10,000 times greater World Wide
Web analysed by Barabási and his research team (Barabási 2002; Barabási & Albert
1999). Theoretically, the equally sized Greater Helsinki road network should have a
characteristic path length value of 5.6 to fill the requirements of scale-free networks.
So the classification of these ‘not-so-small worlds’ and recent findings in network
theory are not obvious, but somehow it would make sense that spatial graphs lie
in a similar transition zone from regularity to scale-free, but a linkage with the link
length varying between very short and 3-4 times longer links is not enough to create
any major shortcuts into the structure and thus distortions to normal distribution.
This junction-to-junction divided network is thus somewhat difficult to classify.
Commonly recognized spatial networks are not far from the characteristics described
by Watts, and it is currently known that Watts’ early classification from this side is
incomplete. Many interesting phenomena in networks, currently known as scalefree networks, are not included in it.306 Also, spatial
networks simply do not fit into this scheme. But to
give a rough idea of the relations between various
graphs, a sketch by Watts (Watts 2003, 74-81)
related to the Watts-Strogatz alpha model (Watts
& Strogatz 1998) gives a sufficient idea of graph
families. Watts’ graph divides various graph types
into separate regions on the basis of their local and
global characteristics, as can be seen in Figure 62.
Even though the shape of this graph is from
a specific model the principle remains the same. To understand a phenomenal
novelty of this modelling work one particular feature merits a closer look. Watts has
observed the development of global and local characteristics in a rewiring process.
The peak in the characteristic path length measure is called the critical α − value,
306
Cohen & Havlin (2002) have explained clearly that scale-free networks are in fact ultra small. See
Albert & Barabási (2002) for detailed analyses of structural properties.

[Figure 62] Classification of networks according to global and local
characteristics (Source: Watts 2003, modified)

3.3.2 The structure of neighbourhoods in spatial
graphs
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[Figure 63] Two separate study areas for detailed structure analysis. The larger area
is equivalent to the smaller observation area discussed in Appendix 9, but used here
unembedded. The smaller embedded Road 51 (Länsiväylä) corridor, Helsinki, is shown
highlighted in red.

and it is the point when all the separated subgraphs are connected with each other.
That is also the point when the behaviour of the network changes dramatically and
the network goes through a phase transition.
In spatial networks the differences between locations are more delicate and not
visible with the analysis methods subsequently introduced by Watts and Strogatz.
To change the analysis, we will broaden our perspective on local and global
properties. The selected characteristic path length values as well as the clustering
coefficient values are somewhat arbitrary. Moreover, there is actually no reason
(except the simplicity of analysis) to reduce the clustering analysis to the first degree
neighbour, just as there is no reason for denying the intermediate neighbourhoods
in characteristic path length analysis. Both of the properties may be understood as
fuzzy values ranging from direct neighbours to the whole network and forming a
continuous set of in-between values on the way from the local to the global.
Spatial graphs typical in our real world networks are incapable of forming
‘small world’ networks. However, the measures used on them, as well as the
other tools from the recent network theory, may be successfully used to create a
better understanding of complex network structures. Since a graph is essentially a
collection of sub-graphs, the analysis of them gives us ample additional information
about the dynamics of single-scale networks. In these ‘large worlds’ of spatial
graphs, the remarkable properties of single location are formed according to the set
of neighbours through which the analysis is performed.

[Figure 64] Division of a road network into a set of sub-graphs

218 | 219

In the following diagram (Figure 64) the focus is on the property of characteristic
path length which is tested in various sizes of neighbourhoods. By doing so the entire
network is actually analysed as a set of sub-graphs forming a unique neighbourhood
for each graph linkage. The properties of these sub-graphs are what makes the thing
interesting in otherwise dull spatial graphs.
Taking a closer look at these intermediate neighbourhoods reveals some
additional information. It is something that remains hidden in the analysis of the
overall structure. Figure 64 shows a plot of various characteristic path lengths values
in different sizes of neighbourhoods. The data used in the plots is a radial highway
sector in the Helsinki metropolitan area, but the striking pattern is clearly visible.
Neighbourhoods divide into a recognizable pattern of s-curve. Its exact shape is not
analysed in detail, but it is likely to be a cumulative distribution function of normally
distributed data that could be expected on the basis of ‘the law of large numbers’
and the facts given on the nature of spatial graphs. The small distortion with high
values can easily be understood on the basis of the location of the embedded
sample area and is caused by the ‘missing’ data outside this area of interest. An
alternative explanation to this is in the form of the logistic curve that is commonly
found in systems that outspend their resources powering the specific phenomenon,
and is thus a pattern of a dying system.307 Even though a heavily branching treeformed structure might fit that description, the exact form of this pattern gives no
307

For a discussion see Appendix 2.
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[Figure 65] Division of a road network into a set of sub-graphs. Local differences
caused by different size and integration

further information that would lead to an explanation for the spatial pattern and the
characteristics of these overlapping neighbourhoods that we have already observed
in the maps.
Plotting the same characteristic path lengths (i.e. mean depths) against depth
value, we realize spatial differences between different sub-graphs in this particular
metropolitan sector. This is shown in Figure 65. From the scatter-plots we realize that
within the same sector there are numerous overlapping neighbourhoods, as in the
previous set, and that a completely different phenomenon emerges. Within small
analyses radii, the plots are as inspiring as scatter diagrams usually are, but when the
radius increases to 30 completely new patterns can be discerned. These patterns are
created by individual points within different separated neighbourhoods. Since the
depth value of each node is highly correlated, nearly up to identicality, the nodes
in the map form a succession of points, such that a specific physical neighbourhood
can be recognized from its trace in linear formation.
This suggests that even though movement scales are built on top of each other
in a fractal manner, they are also separated into specific sized clusters in geographic
reality. These scales are roughly in the same analyses thresholds that can be seen
forming the outer ruptures in the fractal analyses of Pierre Frankhauser (2004). In
the larger scope of urban development and planning, these neighbourhoods can
be understood on the basis of the natural growth process, as already suggested by

the early German geographer-morphologist Johann Georg Kohl in the 19th century
(Peucker 1968) – or as a planned structural order, as it has been common to organize
suburban neighbourhood units separated from each other at least since Ludwig
Hilberseimer from the 1930s onwards (Hilberseimer 1955; Pope 1996).

In these ‘large worlds’ of the road network, the structure is neither random nor
regular (even though they could be located much closer to the regular lattice end
of the network classification continuum than ‘small worlds’). They have ‘shortcuts’
created from specific routes of high velocity, which affect drastically to the overall
accessibility pattern (Graham & Marvin 2001; Mayhem & Hyman 2000). In that
sense the unevenness of the most common metropolitan street and road network
bears a resemblance to small world graph networks, even though they are not
long enough to cause a structural phase transition. Moreover, they have their own
kind of ‘hubs’ that are more accessible than other locations. Due to the nature of
spatial graphs, these shortcuts are unable to form highly clustered networks with
a low characteristic path length. Even though we are operating in the very same
intermediate zone that was formed when rewriting the theory of networks in the
past few years, articles concerning this most basic network around us are extremely
rare. These minor shortcuts and centres are formed as a transitive property that
cumulates from within neighbourhoods. These spatial formations typical for our
urban structures have no effect on the overall properties of network and can only be
analysed from the inside.
These traces of unevenness are shown in specific locations of closeness centrality
analyses. In the analyses the differences in links are blended together only revealing
the rough average topography of connectivity. Measures able to create more
clustered information, such as the measure of betweenness, ringness or others

[Figure 66] Ruptures in fractal urban structures by Frankhauser (above).
Growth patterns according to J. G. Kohl (below) (Sources: Frankhauser
2004 and Peucker 1968, modified)
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capable of separating tree structures from semi-lattice structures, would therefore
be more suitable to extract more dramatic structural features from the large world
graphs, and therefore shed some new light into the internals of the differences that
clearly exist but are hidden under the average character of normal distributions. It
is shown briefly here that by fitting together the concept of accessibility and the
sub-graph-based analysis method it is possible to create pictures of the formation of
different level centres and analyse their internal difference in far greater detail than
what is possible by using only gross measures of locality and globality. These graphs
are sensitive for the internal growth and the networks form very a simple simulation
model that may be used for evaluating the often complicated cumulative results of
many sequential planning actions of seemingly innocent changes done by ‘rewiring’
existing urban clusters with new connections.

3.3.3 Accessibility fingerprints of economic activity
In this penultimate section of the chapter, the development aim is to show
from the analysis of accessibility the relation between urban activities and their
configurational preferences. From the perspective of the following explanation, it
is important to stress that the area in the detailed analyses was not more than 50
years ago still part of several agricultural municipalities that had started to transform
into a residential zone of a growing city. Therefore all novel activities must find their
raison d’être from this dynamically urbanizing frame. It should also be kept in mind,
as discussed earlier, that relocation decisions are not only about moving out but
also about the decision of leaving-for something, whether it is cheaper land prices,
available land, less congested traffic, better air quality or the preference to live close
to one’s relatives. All of these are related to the definition of accessibility, and luckily
some of them can be explained with statistics of various accessibility measures.
Residential areas are typically the activities that are easiest to control by acts of
planning, but economic activity seems to be more conducive to self-organization
and it is not even uncommon that zoning plans reserving areas for industry and
business are never realized. The focus then is to outline the locational preferences
of this sector. In the spirit of Lösch’s phrase (Lösch 1940/1967, 440), quoted earlier,
about the similarity between city and region, I consider economy as a scale-free
denominator and will try to define the mechanism of it in more detail.
The earliest formal analysis concerning the problem of the location of firms
articulated by Alfred Weber (1909) is a suitable starting point for the discussion.
The Weberian framework of a problem aims to find a solution by minimizing the
Euclidean distances from each factory to a finite number of sites corresponding to
the markets. In the Weber model, quantities of inputs and outputs are represented
by weights, which in turn are multiplied by appropriate freight rates. Weber is best
remembered for his early work on the least-cost principle of industry location which
is today largely understandable through generic economic topics or market areas
and economic regions. Yet Lösch (1940/1967, 92) remarks that Weber already
distinguished strata of centralities based on whether a branch of the economy is a

more influencing or more influenced participant in a location process. On the level
of the individual user, Weber was also able to separate skilled and unskilled workers
– which still today is as popular a subject as ever. It is remarkable how this dominant
place approach, dating back exactly 100 years, can be found with the support of
slightly more advanced mathematics. The voronoi diagrams and the dominant
regions create hierarchies for spatial tessellations (Okabe et al. 2000, 548-551)
that are good examples of an isomorphic spatial realization of this old Weberian
framework.
An important relaxation to this approach can be found in Hoover’s ingenious
notion that in a community there are actually as many trading areas as there are
industries (1943/1948, 123). Moreover, he supposes that these various trading
areas, on the other hand, probably do not form a smooth continuous distribution,
but instead some boundaries will recur. Looking from the accessibility point of view,
we may take additional liberties and claim that there is no difference between a
location seeking industry and an activity seeking individual. All the classic models
of geography follow the same principle of closeness formulated in its simplicity
in Tobler’s Law. Although accessibility measures are more often related to certain
modelling traditions, namely those of gravity models and transportation allocation,
the underlying principle is truly generic. In the case of the location of some specific
activities, say firms, we realize that the very same principles of accessibility in its
broadest sense have been in use for ages.
Characteristic of these geographic models is a tendency to contemplate spatial
phenomenon from an outsider’s perspective by mapping specifically defined
unique phenomena to a universal geographic plane. The disaggregated perspective
common to all morphological approaches (and of which this study is also a part) tries
to approach this geographic problem, so to say, through the kitchen door and define
the unique plane (i.e. the configurational conditions) against which the hypotheses
of universal activities are mapped.
An example aptly describing this is given in Hillier’s article “Centrality as a Process”
(Hillier 1999, 115) using M. A. Gebauer-Munoz’s study of shops in Camden, London,
where a multiple regression model is used to
find a key to explain variables for shop location.
The important feature of the analyses results
was that it did not point specifically to a location,
but more precisely to ‘local grid conditions’ that
are in fact relative, model-derived indicators
of how the space is put together – that is, how
they are configurated. I will follow this lead,
even though the analyses differ in their details.
In the present study area the phenomenon
requiring explanation is the process that starts
with agricultural land and turns into a major zone of the production of metapolis
Helsinki. Historical examples can naturally be found to describe this process in a
traditional city (Caniggia & Maffei 1979/2001, 188), which indicates that it has been

[Figure 67] Camden, London; 1160 shops in 49 clusters (Source: Hillier 1999)
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going on for quite some time. The problem needs to be rooted in a lower level in
terms of changing needs of agents in retailing, office building, and various more
person-level activities as well.
An elaborate perspective for this discussion is included in Romûlo Krafta’s model
of the excess profit model, inspired by Harvey’s later work, and which explains the
morphological process in sufficient detail for the present study (Krafta 1994, 7779). Krafta derives an inspiring framework based on the self-organized developers’
perspective that is guided by a measure of morphological differentiation – namely,
centrality. Especially important for understanding the process of urban change is the
commodity-like nature of space inspired by Harvey’s insight regarding the capitalist
order.308 Harvey explains:
“The aggregate long-run effect on a closed plain is that the search for individual excess profits
from location forces the average profit rate closer and closer to zero. This is an extraordinary
result. It means that competition for relative locational advantage on a closed plain under
conditions of accumulation tends to produce a landscape of production that is antithetical
to further accumulation. Individual capitalists, acting in their own self-interest and striving to
maximize their profits under the coercive forces of competition, tend to expand production
and shift location up to the point where the capacity to produce further surplus value
disappears. There is, it seems, a spatial version of Marx’s falling rate of profit thesis.” (Harvey
1985, 155 cited in Krafta 1994, 77)

Krafta’s approach makes use of the potential clearance of an area by using
devaluation parameters as a balancing factor to sufficiently describe the inertia
of existing structure and thus creating a counterforce for a centrality in the form
of negative costs in a process.309 Unfortunately, this approach does not allow for
the inspection of another important intrinsic feature of centrality that we have
encountered in a form of potential from the configurational setting. This is the
scalar leap caused by different modes of transport that has enabled the massive
308
Jane Jacobs’ insight of substitution and replacement of imports (Jacobs 1970, 1985) can be seen as
the main motivator keeping this entire urban process going. Of these the import replacement, according to Jacobs,
is far superior to substitution. The replacement process is a tailored act to create added value for a region by starting
a local production that in a first phase replaces imports and only in the second phase is able to produce exports.
Import substitution is characteristically seen in localizing attempts of the economy, when imports are replaced with
products already available in the region. Jacobs’ assumption is in fact also supported by the entrepreneurship theory
of creativity, but it is too lengthy to bring up the issue here, except for a brief comment. According to one branch
of entrepreneurship theory that rests on Schumpeter’s theories of creative destruction (Schumpeter 1942/1975),
entrepreneurship is rather easy to explain. The common theme here is that entrepreneurs act according to partial
imperfect knowledge, but still aim to fill available niches offered by the economic landscape. An entrepreneur can
benefit from his/her innovation only for a short time since the imitators enter the same markets and eventually cut
the profit gained from the innovation. So the continuing process is started. Of course, the imitation is exactly an
equivalent process to import substitution and also in this niche-seeking process the potential offered by the land
use conditions are referable to any other good in market, as can be seen in Harvey’s argumentation. These also
serve as a popular testbed for agent-based modelling, of which the “Sugarscape” by Epstein and Axtell is probably
the best known example of how economies are created from spatial characteristics. See for example Epstein &
Axtell (1996) or Beinhocker (2007) for details.
309
This negative cost approach can further help in placing the role of planning in a specific place in
the self-organizing process. By staying in a self-organized framework the planning activity can be seen in this as
negotiated order that aims to create social inertia for the change and thus create a necessary stability for purely
market led evolutionary process. Therefore the role of planning in the first place is not to make urban change
possible, but making it more difficult and protect capital (both economic and social) from the change instead. To
work efficiently it is very important to recognize the potential it is facing or otherwise in turns a bit shallow-minded,
that I consider today the biggest reason for the bad reputation of planners among the developers or more generally
anyone wanting to play active in the game of urban change.

transformation process of cities into a polynucleated landscape of urban activities.
The generic accessibility measure described earlier can be used to explore various
facets of centrality within a network configuration. To analyse how the gradually
increasing neighbourhood size affects the centrality value, a series of parallel
coordinate plots (PCP) are prepared to check how locations are ranked in terms of
centrality over entire scale levels. This way it is possible to view all the accessibility
levels of a specific location at the same time, and therefore the graphs can be seen
as fingerprints of the accessibility phenomenon for that location. In the following
plots one line represents a unique location where a named activity is found. The
rank among other locations of each scale is presented on the y-axis (ordinate) while
the different scale levels (i.e. sizes of neighbourhoods) are presented parallel to each
other along the x-axis (abscissa). Thus a polyline in a PCP diagram refers to single
road segments. The figures thus tell how well each location ranked relatively in the
observation area in terms of the general accessibility measure.

From the above Figure 68 we can clearly distinguish areas having clearly different
configurational profiles310 depending on the planning effort in various scales of instant
(md ~10), nearby (md ~30), intervening (md ~ 60) and far (md >80) neighbourhoods.
From the point of view of industry, the pictures included conform quite clearly to the
expectations of Hoover (1943/1948). The difference, on the other hand, is that the
functions that are commonly understood as centripetal activities that he assessed
with the downtown locations are merely a subset of centrality seeking functionalities
310
In interpreting figures, it has to be remembered that a configurational profile is a measure of
accessibility within the perspective of the street or road and also that local conditions in terms of mobility may give
an entirely different ranking scheme. This is best explained by looking at central Helsinki, which scores high on quite
a wide range of near accessibility, but not in far accessibility. If we were to add a measure concerning the modes of
public transport, the ranking would most likely beat all other locations by far in every single scale level. On the other
hand, if we take the mobility conditions into account, especially in the worst rush hour, it would be unlikely that this
area would score above average on any scale.

[Figure 68] Example of parallel coordinate plots from the local variation of the mean depth. High ranks are shown in the
upper part of the graph, low ranks in the lower part. The abscissa mean depth radius 10 is shown on the far left and mean
depth 80 on the far right. The areas under scrutiny are Martinlaakso, Henttaa and Matinkylä on the left side of the map
and Klaukkala, Korso, Vuosaari and Central Helsinki on the right side.
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[Figure 69] Manufacture of pulp, paper and paper products; publishing and printing (NACE code:
DE). The entire region is shown in the top-most images, the CBD in the middle and the suburban
fringe in the images below.

Figure 69 shows that there are two clearly separate characteristic tendencies
that indicate an attempt to maximize centrality. The selected branch of industry,
the national pride of Finland, namely the manufacture of pulp, paper and paper
products; publishing and printing (NACE code DE), was chosen to present this
division into ‘locally’ and ‘globally’ oriented activities. The activities located in the
CBD seem mainly to be seeking a centrality that the centre is best known for (i.e.
nearby accessibility), but without taking advantage of larger scale centralities in that
area which also exist within the selected boundary of the CBD. This is a matter of
division in the subsector of NACE311 classifications that contain clearly (in the classic
sense) ‘centripetal’ and ‘centrifugal’ activities in the same branch of industry.
Since it is essentially impossible to cover the characteristics of each different
branch of economic activity in this study, a slightly wider clustering of activities
is included instead to make the point clearer. In the following, the production
311
“Nomenclature statistique des activités économiques dans la Communauté européenne” (i.e.
Statistical classification of economic activities in the European Community). For details see METADATA, Statistical
Classification of Economic Activities in the European Community, Rev. 2 (NACE Rev. 2):
[http://ec.europa.eu/eurostat/ramon/nomenclatures/index.cfm?TargetUrl=LST_NOM_DTL&StrNom=NACE_REV
2&StrLanguageCode=EN&IntPcKey=&StrLayoutCode=HIERARCHIC&CFID=19310696&CFTOKEN=8d559b9599b01
fa1-B7C3B5E5-D09F-DBED-6212C45A1C213FCC&jsessionid=f900aeaac63f4c1b6512]
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industry sector is divided into four sub-sectors on the basis of the technological
advancement of the product. The classes are: i.) High Technology Industry, ii.)
Upper Middle Level Technology Industry, iii.) Lower Middle Level Technology
Industry and iv.) Low Technology Industry. The corresponding NACE codes used for
each group are listed in Appendix 3, but the rough division is such that advanced
electronic and biomechanical sectors are included in the high technology industry,
the upper middle class consists of electric machinery products, the lower middle
class machinery products, and the lower middle class food and textile products. The
following figures, from 70 to 73, show the actual locations in region.
When taking a closer look at these clearly distinguishable types of economic
activities, even finer graded remarks can be made. It can be seen, for instance,
that even the downtown activities are actually divided into two types of centrality
seekers. It is remarkable that even such a heterogeneous set of industries actually
forms clearly recognizable patterns. On close examination it is also possible to
recognise that despite the CBD location some industries are more in favour of
longer scale activities. This is especially clear among the category of lower middle
level technology companies, which in many ways represent the most traditional
production sectors of more bulky goods. In the urban fringe sector, too, it can be
seen that high technology companies are more in favour of locations that fill the
requests of more traditional centrality depictions. Finally, the location patterns
of low technology industry resemble Hoover’s description, according to which
manufacturers, wholesalers and warehouses are more free to locate “in response
to the attractions of labour supply, cheap land, and nearness to local suppliers and
customers”. In other words, they have a tendency to be located “interspersed with
commercial and inferior residence uses” (Hoover 1943/1948, 128).
It is important to realise that in past decades the production traditionally
associated with cities has to a significant extent relocated itself and only smallscale food and textile industries can still find a location in the CBD. The rest of
these activities are clearly in the fringe zone of the study area. The geographic
locations themselves reflect the findings of Mari Vaattovaara, who has argued for
an explanation based on differences in the social character of a region (Vaatovaara
1998). The explanation found in the present study is able to give some additional
answers regarding small-scale locational preferences. The location of these industry
groups is not that surprising, but once combined with retailing, and increasingly
also sports and leisure activities, we have succeeded in combining all city activities,
except city life, into a certain location on the urban fringe. It is also notable that
these areas are not only generally grim in their local accessibility level, but also in
the quality of urban environments in situ. It seems to me that we have invented a
legitimated mechanism for a poor situation by confusing the good and evil sides
of traffic. I guess the planning enthusiast should be more concerned about the
pathology of solutions.
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[Figure 70] Geographic locations of High Technology Industry in the
Greater Helsinki area . One dot equals 10 workplaces.

[Figure 71] Geographic locations of Upper Middle Technology Level Industry in
the Greater Helsinki area. One dot equals 10 workplaces.

[Figure 73] Geographic locations of Low Technology Industry in the Greater
Helsinki area. One dot equals 10 workplaces.

[Figure 72] Geographic locations of Lower Middle Technology Level
Industry in the Greater Helsinki area. One dot equals 10 workplaces.
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(2)

(3)

(4)

[Figure 74] Locational fingerprints of industry on the basis of technology level. The left-hand column presents the CBD-located activities and the righthand column industry located on the suburban fringe. The number next to the graph indicates the group of industrial activities as follows: (1) High
technology industry, (2) Upper middle technology level industry, (3) Lower middle technology level industry, (4) Low technology industry.

(1)
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The following examples were selected from studies done for various other
metropolitan areas and city regions. Data were collected from various sources from
colleagues, so the analyses of national characteristics of data storage were not
feasible to the same extent as in the case of the primary Greater Helsinki dataset.
Also, the data was often proprietary data released for specific research purposes
other than the present study, so most often the documentation and the metadata
were unavailable. For the same reason, the study areas are not outlined with these
analyses in mind but were taken as given. Despite these shortcomings, the model
runs could be fairly successfully accomplished.
The cities under scrutiny were: Tampere and Vaasa in Finland, Zürich in Switzerland,
London in the UK, Milan in Italy and São Paolo in Brazil. The analyses differ slightly
from each other. The most similar setting to the Greater Helsinki examples is in
the analyses of Tampere and Zürich. The data in these examples were modified by
cutting the outlying segments, which were either short or long. Also, the non-planar
graph was used to prevent the ‘leak’ from small-scale networks to the main highway
structure in places where no connection was physically available. Analyses were also
carried out for a far larger dataset, so these results are embedded. The Vaasa and
London analyses were carried out with a non-planar dataset (although the coding
in London was done manually and due to the size of the area there is undeniably a
risk of potential errors). The datasets were used unembedded, which means that
potential traces of edge effect may be found. In both cases the selected area thus
covered the major stock of street and road networks, which gives some confidence
that this is not a serious issue. Milan and São Paulo were carried out with the ‘raw’
datasets available, which has resulted in the arbitrary shape and size of the study
area. Therefore, it is advisable to keep the focus on the centre graph, unless the
interpreter has further information on urban structure beyond the boundary. A
short summary of cities and corresponding information of dataset is included in the
table below.
City

Population

Graph size

Diameter

Avg. depth

Tampere

209,748

Zürich

361,129

21,344

165

58.30

64,894

345

119.34

Vaasa

58,607

17,459

230

72.45

London

7,556,900

121,920

205

93.48

Milan

1,295,705

15,794

138

49.34

11,037,593

177,118

415

119.10

São Paolo

Despite the great variety of data and the different cultural backgrounds, the
observed phenomenon of centrality of various-sized neighbourhoods appears to
be fairly universal in character. Although there was no possibility to compare the
observations to other statistical data, the striking similarity of the analyses results
suggests that the kind of centre formation found in the previous analysis of the

[Table 7] Basic statistics of analysis data.

3.3.4 Universality of the framework developed

3.3 Multiple centrality in action

Helsinki metropolitan area can be found elsewhere. Integrated parts of the flow
network arise from their own characteristic neighbourhood conditions, and the
areas with core accessibility values appear the most promising locations for centre
activity. The following pictures show that this accessibility potential is very different
from the traditional static concept of a centre, but holds with the actual locations
of metropolitan activities. In the black and white images the integration core (15%
lowest mean depth values) is shown in dark shading, while in the colour images the
colour coding is the same as in the previous Helsinki analyses, thus the core values
are shown in blue.

[Figure 75] Mean depth mapping for London (121,920 segments, diameter 205, radius-radius 93.48)

[Figure 76] Mean depth mapping for Tampere (21,344 segments, diameter 165, radius-radius 58.30)
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[Figure 77] Mean depth mapping for Zürich (64,894 segments, diameter 345, radius-radius 119.34)

[Figure 78] Mean depth mapping for Vaasa (17,459 segments, diameter 230, radius-radius 72.45)
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[Figure 79] Mean depth mapping for Milan (15,794 segments, diameter 138, radius-radius 49.34)

[Figure 80] Mean depth mapping for São Paolo (177,118 segments, diameter 415, radius-radius 119.10)The images on these pages show extremely
well the edge effect caused by the arbitrary graph edge. On the following page embedded data is shown and the major distortions avoided.
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[Figure 81] Mean depth mapping for São Paolo (177,118 segments, diameter 415, radius-radius 119.10)

[Figures 82 & 83] Angular choice on a metric radius of about 50% (above) and about 8% (below) system diameter. See
Conclusion for details (Source: Alan Penn, UCL).
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CONCLUSION

[Figure 84] Periurbanization in Europe (Source: Caruso 2005).
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Conclusion
From my part, the story of the journey of this study started from an incident that,
as I later learned, was not so uncommon. Roughly ten years ago, while working as
a planner in the planning department of the City of Espoo, the young planner in
me encountered a problem simply too large to bear. A traffic planner colleague’s
innocent query about key figures regarding the population and workplaces shocked
me because I was just about to ask for similar statistics about traffic forecasts to back
up my own zoning plans. So there we were, as if it was not trouble enough having
the blind helping the deaf, but would the solutions be based on assumptions which,
I knew for sure, for at least one of the sets was lousy. A more seasoned colleague’s
advice was not to loose sleep over the vicious circle of traffic-land use. What did I
learn from this? Well, here I am, not much the wiser but slightly older and better
informed, yet still amazed at the simplicity of the feedback circle and not quite
knowing where to jump in – or out
The present study has given some detailed answers to this non-trivial problem. In
chapter 1 I outlined the interrelations of spatiality within various branches of urban
theory in general. Most surprisingly, nearly all branches of this research contain an
implicit notion of materially and spatially constructed landscape, but its underlying
significance is by and large left unrecognized. The best examples of this can be found
in assumptions about the featureless plane or urban hierarchy or, more generally,
in the ceteris paribus principle trying to force complex consequences into simplistic
rules of thumb of singular disciplines. My interest has been in recognizing the role
of spatial entitation in these theories and, from the planning point of view, the
concept of centre has proven the most problematic in the current stage of Western
urbanization. Existing centres have been most often taken as granted, which gives
unfortunately little room for questioning the chosen centrality patterns, and therefore
suppresses the discussion on intensely dynamic centrality phenomena behind builtup structures. Clearly, the current urban theory behind the planning apparatus is
suffering from a lack of understanding of autopoiesis and the complexity of the
metapolis, which seems necessary to sufficiently handle the emergent formation
conditions in order to cope with the present-day urban landscapes.
The continuing themes in chapter 2 focused on exploring how the spatially
motivated urban modelling tradition in fact contains useful tools for measuring
existing structures and understanding their development. It is shown that gravity
modelling can be seen as an advanced relativity measure that helps in understanding
the key connections of urban activities across the space. Its weak point lies in the
profound fact that no theory can escape the assumption made at the level of primary
entitation – if you assume existing centres, the existing centres are the only ones you
are going to get. This essentially brings further difficulties in explanation capabilities
and the only possibility, then, is to build understanding from the bottom up. This
requires dynamic behaviour or at least complex feedback management from the
modelling schema. Advanced land use–transportation models have outlined this
feedback loop in some detail, and – as I see it – suggest that accessibility in general,
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which is built into this some 50 year-long modelling tradition, is the key determinant
of the land use change processes. The ultimate problem lies in the fact that neither
the allocation preferences of inhabitants nor the collectives they form are stable, but
instead surprisingly fluid and exchangeable. Therefore, the modelling scheme ought
to be set at the disaggregate level of centre formations.
Chapter 3 brought these aspects into operation. It explored how far the
configurational – a static bottom-up constructed spatial theory – is able to explain
this dynamic nature of metapolitan formations. To do this the so-called space syntax
tradition of urban analysis was generalized and brought into relation with the
Spatial Interaction Modelling (SIM) tradition. The linking was done via the concept
of accessibility. It was shown that space syntax axial map analysis is a special case
of gravity-based modelling. With some adjusting, space syntax-like disaggregate
analyses tools could be used to understand the centrality phenomena in large
urban agglomerations in a far more generic framework than the original theory
itself allows, and examples with clearly distinguishable similarities of dynamically
changing centrality patterns were recognized in 7 city and metropolitan regions
around the world.
It had, however, to be recognized that the approach has its limitations. The
coverage of the original hypothesis framework of three levels of interaction –
the levels of morphology, activity and actions – was achieved only partially. The
configurational analysis was able to bridge between morphology and the clustering
of activities, but left the issues of individual action and dynamically changing
activity preferences largely intact. Therefore, it can be seen as a potentially useful
perspective to incorporate with other supporting analyses of transportation and
economic activity. Most importantly, on the other hand, analyses in this study have
showed how deeply the phenomenon of centrality is bound up to the configuration
– i.e. a structural ordering principle – of urban flow networks. Therefore, some of the
current dismal traffic planning can be traced back to dogmatic organizing principles
regarding street and road building. It was shown in the study that accessibility is an
endogenic feature of operational transportation models, so its full potential ought
to be scrutinised, even though it necessarily brings major uncertainties into the
common planning task. The emergent aggregate feature of the centre formation
requires a more elaborate set of tools than those traditionally seen through the lens
of mainstream traffic planning that roots itself too deeply in issues between levels
of existing activity and action.

Structures of good accessibility and how road
building promotes urban formation
In the present dissertation a definition of centrality has been recognized and
derived from the urban modelling tradition. It is argued that market locations as well
as other major urban facilities are largely dependent on the fundamental principle
of accessibility. The principle of accessibility was originally formalized in the seminal
work of Walter G. Hansen. Following an idea of Edgar M. Hoover, according to which
trade areas are defined as consistent with the needs of each sector of industry and
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by bringing the analysis to the disaggregate level it is possible to get a picture of the
locational preferences of different actors within an urban field. For that purpose, the
notion of generic accessibility is introduced, and a reduced form of its formalization
has been used as an index for describing the configurational properties of each
location in the Greater Helsinki area. Measures are used in analyses in their most
general form as universal indices of locational interaction. In a short summary of
the Helsinki case studies, it can be shown that the elements of multiple centrality do
indeed exist and serve well to explain some of the key characteristics of current urban
structures. Many of them can be traced back to major changes in configuration. A
specific set of accessibilities was defined in relation to activities and it was shown
that generic accessibility plays a major role in explaining the allocation of activities
that are sometimes described as centrifugal agents.
The analyses of the Greater Helsinki area suggest that economic activities are
divided according to principles of multiple centralities. It is argued that the concept
of centrality in the traditional sense must give way to a more flexible definition,
and bring the concept again into the focus of urban development. It was shown
that the dynamic scales of accessibility seem to form several neighbourhood sizes
that correspond with series of market areas of various industries. These broadlydefined market areas challenge centripetal and centrifugal forces as an explanation
for dissolving urban formations. Intuitively the controversial concept of centrifugal
force suggests that economic activities avoid central locations. It may be that they,
in fact, are kept away from certain centres, but that is more likely because of the
limited bid-rent capabilities. The commonly heard centrifugality excuse is thus only
able to explain why an economic actor decides to depart from a certain location,
but not where it finally ends up. The extended concepts of centrality outlined and
developed in the present dissertation are able to give a more fruitful explanation
for the change of location. Actors are not only under a mysterious centripetal force,
but follow different types of centrality and the active dependent components in this
process themselves.
The examples shown indicate that in the top-most layer of the typomorphology
of metapolis are the structures created by the main arteries building an apparently
independent superstructure over the urban region. This structure has become an
active component in changes to centrality, and this course of change is already
clearly extractable from the Greater Helsinki urban fabric. It was explained earlier
that the closeness-based measures used in the empirical analyses have certain
limitations, especially due to their focus on movement towards a specific location.
What is missing from this picture is the through traffic that seems to correlate with
a different measuring basis. This approach, that supports my hypothesis about
accessibility differences being the primus motor of metapolis formation, is discussed
briefly in these concluding words. This serves to strengthen my opinion that several
unwanted features of metapolis developments are simple consequences of the
fact that all too little attention is paid to centrality when major road construction
decisions are made. In the body of the dissertation this was explained on the basis
of depth calculation, but in the following discussion it is shown that things get even
worse when betweenness is taken into account.
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A brief analysis is conducted with the choice measure of DepthMap software,
using the same centreline data as in previous analyses. The results of this are included
in Figures 82 and 83 with different radii size. The results are quite self-explanatory,
but some further remarks are necessary to stress the importance of these findings. It
is important to realize that the indicated grid of large-scale movement arteries is not
an explicitly set parameter of road type, but instead an intrinsic feature of network
structure resulting from the principle of how road segments are linked together. This
is naturally a convincing proof of the effectiveness of traffic planning, but the reverse
side of the coin is that this strong channelling is not without a counter effect in land
use. It is simply impossible to channel traffic without a discussion of centralities.
This is even truer of large movement radii, where the entire area of the potential
movement neighbourhood becomes incomprehensible. By looking at the routes
marked by a large neighbourhood choice analysis, it is easy to see that these are the
neighbourhoods familiar among commuters, while at the same time a location just
100 metres away may be completely unknown. If we think of our road system as
Jane Jacob’s legacy suggests, then we realize that all these paths are not just tubes
from A to B, but instead the user interface of our urban reality. At some point the
information gained through movement and the lack of information about alternative
locations culminates in relocation decisions and the effect of channelled centrality
has done the first part of land use change. Therefore the market area by the highway
intersection is no different than a tavern at the cross roads of a medieval path system
or a store by the bridge in a rural area.
The urban sprawl of the Helsinki metropolitan area means a transformation
process from a traditional planned hierarchical urban form into something else. The
specialization of different nodes in the urban network no longer depends solely on
the CBD, but increasingly also on connections between other actors in the newly
divided production and service chains. The ongoing process of upgrading the road
network for existing demands of IT clusters, logistical clustering, retail parks on the
edge of the city and so on, is likely to change the non-central connections in terms
of accessibility. The structure of the road network itself is undergoing major changes
on a fundamental level, in the sense of accessibility from different parts of the
metropolitan area. This seems to have a strong correlation with the sprawl of basic
functions in the Helsinki metropolitan region.
The Helsinki metropolitan area is also undergoing significant changes caused by
the construction of a new ringroad known as Ring II in an intermediate zone between
two existing zones on the western side of the area analysed. The first part of this main
road is already in use and can be analysed in detail. Here I will compare the actual
change in total numbers of road users to information obtained from accessibility
analysis. Figure 85 shows the net change of vehicular volumes in the new connection
and its parallel connections a few months after it was opened in 2002. The net
growth is shown in red while the net loss is in green. The most peculiar change is
how the new connection has affected people’s movement routes so radically that
the new connection has actually generated some 20,000 new trips per day.Using
the measures introduced new possibilities to compare the difference in accessibility

[Figure 85] The net change in traffic flows on Ring Road II connections in brief.
(Source: City of Espoo)

244 | 245

levels before and after the construction. Also, some additional explanation can be
found for this road construction that ended up increasing the amount of traffic,
which seems quite the opposite of the general aims of traffic planning. In its most
generic form, the analysis is carried out using unweighted graphs that are shown
describing the configurational properties of the network. The major benefit gained
from leaving out the existing attraction and generation points is that it allows us to
evaluate the direction of change in the significant modification and rewiring of the
network. In doing so the dramatic changes in the network configuration and the
direction of the change of accessibility potential are shown. They would otherwise
be masked by the existing building stock that is in the stage it has adopted during the
course of the history of earlier development phases. It is argued that a too faithful
description of the existing condition would only lead to unsubstantial trust in the
stability of the existing urban structure, even though it is easy to show that it is a
common myth.
In the following set of images (Figures 86-88) the change in accessibility is mapped
from this 2002 change as a comparison of the network structure of 1987. The second
proposed extension of this road is northwards and planning work is to date still
ongoing. For naïve symmetry reasons it is claimed in the following analysis that it will
be completed by 2017. In the models of the first building stage the major changes
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[Figure 86] Mean depth mapping for the year 1987. Radius 40 above, Radius 80 below. For a detailed explanation see text.

[Figure 87] Mean depth mapping for the year 2002. Radius 40 above, Radius 80 below.
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[Figure 88] Mean depth mapping for the year 2017. Radius 40 above, Radius 80 below.
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were at the levels of nearby accessibility (40 steps) and intervening accessibility (80
steps). They were shown re-located at both ends of the newly realized connection.
The biggest change in accessibility is naturally located in the new road segment,
but since it was built on old agricultural land with only a minimal number of road
connections in the land use side the impact of the new structure seems rather small.
Thus to move into a representation that would give a reflection of the change of
accessibility as a more geographic phenomenon, the results were converted into
surfaces by averaging multiple segments and interpolating the missing values.
In the following set of images two accessibility neighbourhoods are shown in a
manner faithful to the original idea of depth measure. The areas with low depth (i.e.
good integration, good accessibility) are shown as low lands and valley formations,
while the high depth is shown as upland with occasional ridges and peaks. The
nearby accessibility is represented in the pictures with shades from red to white,
while the intervening accessibility is shown with a colour range from green to white.
My remarks are concentrated on the Ring Road II section, which is the area altered
in the graphs in the most detail, but the reader may easily find interesting results
outside this area.
Looking at the set of pictures, the initial condition from 1987 reveals an
explanation for the economic structure of the region. The western Espoo side of the
area is shown as characteristically segregated in terms of long distance movement,
and thus providing fertile ground mainly for small-scale residential activities. But
despite this lack of good regional connectivity, the sector by Road 51 (the so-called
Länsiväylä highway) has created a particularly strong hub of nearby accessibility. Even
though in the analyses it is comparable with central Helsinki, its structure could not
be more different. The good integration in the central city is based on its historical
grid structure, while in the Länsiväylä corridor this integration is formed on the bases
of vehicle based movement and creates this highly accessible macromorpological
structure of highway and its parallel road. Despite the obvious differences in these
areas in terms of effort and time consumed they are equivalent. The economic
importance of this structure is clearly seen in the data given in Appendix 7. This
imbalance of accessibilities in scales naturally leads to plans to realize the large
planned regional connection in main arteries.
The realization of Ring II, as shown in Figure 87, clearly improved the accessibility
level of long-distance movement, but at the same time it dramatically changed the
local accessibility pattern. From the pictures it is obvious that central Espoo was
suddenly well connected to coastal Espoo and the Länsiväylä corridor that can
explain the drastic change in traffic load after the opening of the Ring II. It is assumed
that the significant growth of traffic was caused by the population taking advantage
of the created potential at the northern end of the road when the commercial
conveniences of the southern area suddenly became available. A good example of
land use changes caused by traffic planning intervention is the Suurpelto area, the
planning of which I myself was also involved in during the launch of the project, in
the middle of this existing Ring II section. After the opening of the road section, the
area to the side of it simply became too good not to be taken in to use.
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[Figure 89] Neighbourhood unit plan and
the plan of decentralized town (Source:
Kivinen 1959, pp. 19-20).

Finally, one may speculate about the extension of the Ring II connection. According
to my analyses of several new proposed road linkages, it is not only a major change,
but in fact by far the most important new infrastructural investment in the area. This
is because it creates a new CBD-independent potential for a large suburban belt
by connecting western Vantaa, northern Helsinki and southern Espoo. In terms of
potential, this novel construction could serve as a development direction for nearly
any restructuration of the drab and uninspiring suburban surroundings from the
1960s, 1970s and 1980s. Unfortunately, the reality could not be more different; the
planning is carried out under the same principles as is common in national road
building, by excluding the land use issues in any productive sense, while the detailed
planning and property development goes on with the usual piecemeal strategy. It is
indeed very unfortunate that the developers and city administration have realized
the potential created in the Länsiväylä corridor, but are unable to see that this
important resource could be harnessed in ongoing projects in a more intelligent way
than placing unrelated haphazard projects next to each other.
The growth of Greater Helsinki more generally follows the main road building
principles, as could easily be guessed from the international studies. Recently, at
the EU level, Greater Helsinki was chosen as a warning example of uncontrolled
sprawl (EEA/JRC 2006). The talk of sprawl, on the other hand, is slightly disturbing
since it gives an impression similar to the uncontrolled growth of metropolises at
the beginning of the second modernization. This sprawl in the era of the metapolis,
on the other hand, is quite different and a re-appraisal would be timely. The easiest
way to start such an appraisal
would be to drop the misleading
conceptualization that is little
more than semantic pedantry.
There is no sprawl in the sense
of ‘lack of control’, but instead
a malfunction of a highly
intentional, highly rational
process that refuses to see the
entire picture. I consider this not
as too complex a subject but as
too simplified arguments. The
principles of good accessibility already decades ago started to change the suburban
fringe in a direction that was never intended. If accessibility was ever an issue in the
design principles of Finnish suburbs it was of a very latent kind.
This is easily seen by comparing the neighbourhood unit schema by Olli Kivinen
(Figure 89) from the late 1950s and the corresponding schema in the Perry and Stein
tradition some decades earlier (Figure 90).312 It is common in Finnish textbooks to
claim that this national decentralization scheme is delineated in accordance with the
Perry-Stain scheme, even though often the whole picture is not taken into account.
In the latter scheme usually only the local perspective is shown, but when the entire
312
A discussion on the development of Perry’s scheme can be found in Hall (2002, 38-39) and Panerai et
al. (1997/2004, 171-74).

proposal of a decentralized town is exposed the absurdity of the plan becomes clear.
The only similarity seems to be the phrase printed in the corner of Perry’s illustration
“Area in open development; preferably 160 acres”.
One does not have to be a planner to see the difference. In Perry’s scheme the
shopping facilities are located according to the best accessibility along the main
arteries, where they seem to have travelled to Greater Helsinki regardless of the
planning ideology. The schematic representation by Perry misleads the further
implementation by defying the optimal unit size that leads to an over-simplified
solution. A closer look shows that Perry’s scheme and its further derivation in Stein
are examples of built-up areas where the neighbourhoods seamlessly continue over
the other side of arteries, making the model flexible for the increase and overlap of
multiple centrality needs, which is hardly the case in the Finnish implementation.
Moreover, in a configurational sense it is difficult to find a more distorted interpretation
of a neighbourhood unit than that adopted in Finnish suburbs. Following a strict
road hierarchy in its attempt to minimize traffic, it only succeeded in minimizing
occasional unintentional contacts, minimizing flexibility for further modifications
and eventually minimizing the social life. And, not as if the problem was difficult
enough in the suburbs of the 1960s and 1970s, the same planning scheme was also
implemented in areas containing large stocks of housing, dominated by detached and
single-family housing, using an identical layout. Centres with the logic of backyards
simply were not such a good idea. In hindsight, this planning scheme can mainly be
seen as a sad document from a period when production over-ruled product, but
also as a misunderstood
version
of
urban
hierarchy, a complete
misunderstanding of the
neighbourhood unit and
which even incorporated
the
complete
misunderstanding
of
Colin Buchanan in regard
to traffic separation313
– all the elements of a
great planning disaster.
Why do these features that are known to work in each scalar level and about which
we are so confident, combine together so poorly?

Epilogue
The so-called network city, as a sociological construct, had come under sociological
scrutinization by, for example, Craven & Wellman (1973) and Greer (1962) long
before the planners and politicians even became aware of the phenomenon. A
313
By rereading Buchanan’s Traffic in Towns (HMSO 1963) it is easy to see that the separation principle
derived from the road and canal structure of Venice is simply too loosely built around an irrelevant metaphor of
water and traffic flows.

[Figure 90] Neighbourhood unit by Clarence Perry (1929) and
the plan of residential district by Clarence Stein (1942).
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Epilogue

revised fitting of these ideas into physical realism caused by universally poorly fitting
development strategies and wilful but misguided interventions is well described,
for example, by Albert Pope’s Ladder, Thomas Sieverts’ Zwichenstadt and François
Asher’s Metapolis. These critical constructions all come under Ascher’s term
metapolis, which provides a more fruitful starting point than the commonly heard
term sprawl.
These more recent introductions of present urban forms are best understood as
attempts at understanding the current phase of urban development as a process of
restructuration rather than as a failure. Therefore, it differs quite a bit from the highly
pejorative connotation associated with expanding urban structure. In this study I
have provided some evidence that the physical network structure contains such a
great deal of structural determinism (in terms of accessibility), that it is somewhat
misleading and slightly irresponsible to talk about sprawl, since in the very sense
of the word an impression is given that we are facing an inevitable phenomenon.
In the configurational explanation I have taken there is no sprawl, just accessibility
exploited. Nomenclature is just the first step, but instead of a weak bemoaning it is
worth considering the consequences, solutions and possibly even responsibilities.
People’s everyday lives have suddenly become regional or possibly extend
even beyond this. At first glance this would seem to require regional approaches.
Unfortunately, there no longer seems to be any such thing as a regional scale of
spatial planning, in the sense of any reasonable combination of space and plan as we
know them. Of course there are activities running on multiple scales and planning
interventions crossing the common scales – traffic planning is getting a larger share
of the guilt in this conclusion than it deserves – but effectively there are no policies
or politics to control the effects of any of these decisions. At the same time, the
administrative options to control the development seem to have fewer chances
than ever to control the course of development. All these are topics that give urban
planning its biggest challenge.
Reflecting and continuing Bill Hillier’s intelligent theme, we could state that
centrality is not just a process, but more precisely it is one of the most fundamental
emergent processes in human geography. Even though the current car-oriented
strategy to exploit it is far from sustainable, its effect on the existing structure and
lifestyle is so great that it is unlikely to be eradicated. Indeed the efforts of planners
to do this are more likely to make the situation even worse. All the agents – from
people to services and monetary investments – have become more fluid. Thus a city
in the era of the metapolis is best described through its liquid, low-viscosity pool of
interactions.
Paradoxically, the most commonly heard solution to this problem caused by
distributed decision-making is the participation process that in itself is merely a
distributed decision-making. What are the chances that for it to succeed? Scott
Greer, the early prophet of the networking society, concluded elegantly the
difficulty hidden in this dilemma: “The local area is not a community in any sense,
in the highly urban areas of a city (...) communication and participation are as apt
to be segmented as in any formal organisation.” (Greer 1962) On the other hand,

252 | 253
the representative decision-making, too, seems to be failing in the lack of agreed
representativeness. Some of the changes emerging in these distributed processes
are so great – such as the explained effects of the extension of Ring II potentially
could be – that it inevitably leads to a confrontation between the institutionalized
locality and the established authority. Somehow the only solution now available is to
encapsulate these opinions spatially, which is what we in zoning do. Unfortunately
that seems the worst solution ever.
In the postscript to the second edition of his book Zwischenstadt, Thomas
Sieverts (1998/2003) outlined three possible prospects for the urban planning and
political and administrative system. First was the hope that current problems would
enlarge and strengthen the conservative approach to planning. Second, a natural
counterpart to this states that these systems must face a fundamental reform; but
somehow, after completing the research in this dissertation, the third option looks
most encouraging. In the third instance Sieverts suggests “not to look for salvation in
an old or a new administrative structure, but to confront with wakeful perception the
uncertainty of the future development, to rise to the challenge of the uncertainty of
the decisions to be taken and to be open to new approaches. This means looking to
find partial answers to individual problems and hope that something new will arise
from them. Such an attitude, however, can only be adopted if we have goals and
visions which offer hope for positive change and to set the bearings of the direction”
(Sieverts 1998/2003, 153).
It seems quite obvious that the beginning of the quotation describes the situation
we have already been facing in the Helsinki region, just as they have also in many
other European metropolitan regions. The most recent call for goals and visions has
become outdated, and it is useless to turn to civil servants to solve the problem.
There was a time when these problems were solved by zoning plans, but that is long
ago now. A key to any turn-around is in recognizing the characteristic feature of the
urban development of today, which can be suitably pictured in terms of a scene in
the classic Through the Looking Glass, with Alice’s race and the amazing phrase of
the Red Queen: “It takes all the running you can do to keep in the same place”. In
this over-competitive society such a phrase sounds far too cruel, unless, that is, it
is understood in the manner in which it has been adopted into the vocabulary of
complex systems in the form of the co-called Red Queen Effect – you have to evolve
just to stay in the game. In the case of planning, that is now truer than ever.
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APPENDIX 1
A subjective interpretation of metropolitan development
Retropolis

Lewis Mumford spoke with elation about the historic situation that eventually led
to the emergence of the polis (Mumford 1961/1966, 142-238). From his description
it can he seen that the polis of the time had certain characteristics that differentiate
it from the previous as well as the following stages of urban development. Even
though the concept of polis is a far broader definition than its physical extents alone,
these remarks provide some important insights for further definitions. It is common
knowledge that the foundations of the current Western society were laid in the
Greek polis and some of the key texts from Plato’s Laws and Republic to Euclid’s
Elementa and Aristotle’s Poetics, as well as the idea of some major institutes (town
hall, marketplace) and activities around them were born at these city-states. Yet
some striking differences can be found. The Greek poleis did not in their heyday
create a surplus of goods (ibid. 151) and the public spaces between buildings were
mainly alleys a few feet wide. Roads outside poleis were no more than small tracks
in the rugged landscape, mainly accessible to pedestrians and pack-animals (Meijer
& van Nijf 1992, 141). Since no polis was very far from the sea, costly transportation
was only possible with boats and ships. Sailing in Greek communities, on the other
hand, was quite different from that in the earlier cultures of Egypt and Mesopotamia,
where the river served as a highway. In comparison to the easy drifting and navigation
of a river, the Aegean Sea demanded a daring effort even in fair weather and sailing
was abandoned in winter (Mumford 1961/1966, 143).
Transport over land did not play any significant role in the ancient polis. Mules
were the most important pack animals and oxen and other draught animals were
used for the logistic need for heavier loads (Meijer & van Nijf 1992, 136). Massive
road building did not take place until the Roman Empire, which reached its zenith
when the city of Rome alone grew in size close to 1 million inhabitants and the
whole empire was connected by approximately 30,000 kilometres of road networks
for surface transportation. On the other hand, despite these awesome facts,
the significance of road building for the needs of trade and transport was only a
secondary goal. It is important to remember that until the industrial era transport
was based on wind and muscle power only, which made the latter in most cases
slow and inconvenient, not to mention expensive. In the Persian and Roman empires
the quantity of road building was considerably larger than in Greek poleis, and can
be seen primarily as an act of power (Meijer & van Nijf 1992, 141). The power of
a ruler could occupy and control an area equivalent to approximately two week’s
travel time.
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The most distinctive characteristics of the Greek polis can be found in the
organization of society. The size of poleis remained relatively small. In most cases the
number of inhabitants did not exceed three or four thousand (Mumford 1961/1966,
149). This fact, combined with the remarks about the available transportation
modes, also leads to the conclusion of fairly compact local economies, where the
countryside was within walking distance (ibid. 153). As documented by Aristotle,
the physical organization of society was based on practical innovations of the
professional town-planner Hippodamos. According to Mumford “His true innovation
consisted in realizing that the form of the city was the form of its social order,
and that to remould one it is necessary to introduce appropriate changes in the
other.” (ibid. 202) The profound understanding of the inter-relation of society and
its physical layout is still the pre-eminent legacy for modern planning. The grid-iron
plan of the Greek polis is, so to say, the first dynamic model of urban form. In spite of
this flash of genius, the most far-reaching influence of the polis was on art, culture
and political purpose, which defined the following stages of urban development. As
regards this unique period, Mumford concludes that, “the highest product of that
experience was not a new type of city, but a new type of man” (ibid. 187). The only
surplus created by Greek society was that of time. The most fruitful inheritance of
this time was the birth of democracy as well as the politics that still carries in its
etymology the memory of that special spatial organization.
Mumford also uses the term polis as the basis of a classification for the human
civilization process. In this particular descriptive sense he refers to the principle
adopted in a slightly adapted form from his mentor Patrick Geddes. Mumford’s
classification is based on the idea of the cumulative evolution of cities that consists
of six distinguishable stages (Mumford 1938/1949, 235-242). These six stages of
evolution are: 1.) eopolis, 2.) polis, 3.) metropolis, 4.) megalopolis, 5.) tyrannopolis
and 6.) necropolis. The slight modifications he performed are related to both ends
of the evolutionary process. Mumford merges the two last classes of Geddes,
those of parasitopolis and pathopolis, into one terminal stage, necropolis, the
city of death. He also adds a preliminary stage, eopolis, and thus tries to close the
circle, as he mentions, to gain a description of three flourishing stages followed
by three stages of decadence. Mumford’s emphasis on cultural development and
his innocent adjustment change the position of his own time to the focal point,
where only apocalyptic visions of the future seem possible. This hidden agenda
thus changes some of the important qualities of Geddes’ original classification. In
that sense, Mumford’s ideology may be referred to that of, say, Oswald Spengler
and his doomsday visions of Western civilization.314 The downside of Mumford’s
modification is that the original classification can similarly be split in half, where
the successful ones are those where growth is involved, while the latter three are
characterised by demolition. In the present study I see no point in favouring either
of these intellectual structures, but only to concentrate on three common classes
which have since been established: polis, metropolis and megalopolis. Moreover, in
the present study the most important ones are the last two. Later in this study I have
314
I do not hesitate to state this, even though Mumford explicitly denies the connections to Spengler and
Sorokin. The Zeitgeist of the pre-WW II era seems too obvious to consider his work a merely analytical construction.
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adjusted the term megalopolis to the more general term metapolis in order to fit
into the working hypothesis regarding the common and more robust configurational
principles that are not necessarily interrelated to the gigantic size, as the name alone
implies.

Metropolis
The uniting feature for the two overgrown agglomerations of metropolis and
megalopolis becomes quite easily understandable when we take a closer look at
their definitions. Metropolis, whose etymology gives an indication of a specific
spatial organization, is created by fusing the terms mother (mḗtēr) into the body of
city (polis). The word originates from Greek and entered English some time during
the 14th century. The Encyclopedia Britannica contains the following definitions for
metropolis:
1 : the chief or capital city of a country, state, or region
2 : the city or state of origin of a colony (as of ancient Greece)
3.a : a city regarded as a centre of a specified activity <a great business metropolis>
b : a large important city <the world’s great metropolises -- P. E. James>

By comparison, megalopolis is a significantly more recent term, documented at
least since 1828. The differences seem quite small, which one can sense from the
following definition:
1 : a very large city
2 : a thickly populated region centring in a metropolis or embracing several metropolises

The main characteristics of these two terms are that they play a significant role
as centres for their surroundings and are somewhat larger than an ordinary city.
In fact, they could be best described as conglomerates of smaller forms of human
settlements. By taking a closer look at Mumford’s definitions, we realise that there
is no clear distinction between these two successive classes of his that would go
beyond a supposed moral or administrative divide. If we think of his definition from
eopolis to polis, it is clear that polis is something more than just a combination of
several villages. Due to a change in size, there seem to be clear benefits that could be
described as the economics of scale. In the Greek polis the agora, the town square,
that was in the first place created to separate the secular transactions from the
temple precinct, suddenly became the most vital and distinctive element (Mumford
1961/1966, 177). If the main purpose of the agora was to provide a meeting place
for citizens, it was soon creating a market as a by-product of social interactions
(ibid. 175). Between these two successive stages, there in fact emerge new kinds
of properties not found on previous levels of spatial organization. There is a similar
emergent process that could be found in the transition from polis to metropolis.
The differentiation and specialization of sub-centres begins suddenly, the economic
power of the mother-city reaches beyond the periphery of its subunits, and so on.
The same kind of dramatic change simply does not seem to occur between the
stages of metropolis and megalopolis. Even though there is increasing growth and
the fusion of subunits, the changes are non-qualitative.
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It is worth noting that the emergence of metropoleis is not only a modern
phenomenon. Mumford refers to great metropolises, such as Athens and Corinth,
with possibly several hundreds of thousands of inhabitants (ibid 150).315 Emrys
Jones concludes that a certain size barrier can be found in historical metropolises
at one million inhabitants. The strict conservative estimates make classical Rome
no more than 650,000 and Alexandria roughly 400,000 (~100 AD). The first stage
of growth was the rise of a purely mercantile city, which extended its periphery
beyond the spatial limits of immediate agricultural production. Baghdad might have
had populations of up to 900,000, Ch’ang-an about 750,000 and Constantinople
around 300,000 during the period from 900 to 1500 AD (Jones 1990, 3). The ‘million
city’ barrier was not generally speaking reached until late the 18th century when
first Peking and Edo (Tokyo) and later in the early 19th century London (1801), Paris
(1853), New York (1857) and Vienna (1870) reached the one million mark.
The early 19th century plays a significant role in understanding the current
metropolitan development. The rapid industrialization required huge changes
in existing urban structures. The pollution and poor conditions in cities launched
several urban movements to enhance the urban conditions. Not only was social
life undergoing major changes, the cultural and economic changes were also
considerable. Charles Baudelaire described with awe the filth and sin of newly
formed urban life, Karl Marx revealed the working principles of the capitalist
economy in Capital, and so on. The necessary changes in these courses of life were
obviously not possible without major structural changes in the urban fabric. By the
mid-19th century several solutions for improving the quality of the city structure
had already been introduced. Ildefons Cerdá, with his plan for Barcelona, was one
of the early pioneers in the field. Georges-Eugène Haussmann’s urban surgery to
create the Parisian boulevards, as well as Ludwig Förster’s Ringstrasse for Vienna
are well-known examples of spatial interventions that simultaneously served several
aims. They strengthened bourgeois aspirations, improved hygiene and opened up
the congested traffic network caused by population growth (Kostof 1991, 209). As
a result, the growth created obvious additional value that was far more than could
have been expected on the bases of the simple logic of accumulation.
The number of innovations made during 1840s and 1850s, which eventually
caused all this growth, penetrated all levels of mobility systems. John Urry lists nine
of these, which can be seen at the heart of present day urbanism (Urry 2005):
•
•
•
•
•
•
•
•
•

the national post system (The Penny Post)
the first railway age, first timetable (Bradshaws)
the invention of photography (Daguerre in France, Fox Talbot in England)
the first city built for the tourist gaze (Paris)
the first inclusive or ‘package’ tour (organized by Thomas Cook)
the first scheduled ocean steamship service (Cunard)
the first railway hotel (York)
early department stores (Paris)
the first system for the separate circulation of water and sewage (Chadwick)

315
The vast sized developments required comparable transportation facilities as well, and it has been
documented that, for instance, ships grew to the size of ‘super-freighters’ of approximately 40 metre length with a
capacity of some 400 tons (Meijer & van Nijf 1992, 152), that is, up to a size that even today deserves great respect.
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The list is by no means to be taken as comprehensive, but instead gives a rough
idea of the total restructuring of the urban facilities at that period of time. Despite
these changes it is actually almost surprising how little they affected the urban fabric
itself. The inertia of urban structure and the stability of agglomeration seem quite
deep-seated.
When following the evolution of the concept of polis, it appears that the
term originally meant the physical structure of a particular type of settlement.
Interestingly enough, the evolution of the concept of the city has gone the other way
around. Arturo Soria y Puig speaks about the topic while explaining why Ildefonso
Cerdá, the great urbanist of the mid 1850s, ended up coining the term urbanización
(urbanism) around 1860-61 (Soria 1999, 23). The Latin word civitas (city) comes
from the word civis (citizen) and originally meant nothing more than the sum of
the inhabitants of Rome. According to Soria, however, the meanings of the content
and the container were confused and eventually understood as a single entity (ibid.
81). The most problematic thing was that the meaning of city in ancient times, as
well as in common language, was the first degree of administrative, political and
social hierarchy. Thus the different-sized urban settlements were stretched under
several concepts, starting from the largest cities and ending with the smallest
estates, with numerous intermediate stages of development from villages to
hamlets and farmhouses. Cerdá, on the other hand, had a strong impression of
the city as a construction formed in an evolutionary process of interactions of its
constituent parts. Thus he needed a term to represent the principally material part
of the grouping of buildings in order to tackle the fundamental concepts of each
settlement; namely those of street and street-blocks. Finally, Cerdá ran into the word
urbs, which had never left its origin in Latium, the central Italian region consisting of
four provinces around Rome, and currently known as Lazio. The unspoiled, never
loaned word, which had been reserved as a title of nobility for the pre-eminence
of Rome was precisely suitable for him since it could never have applied to the
meaning of a dweller, unless it was used especially as a distinctive term to separate
them on the basis of their shelters from rural dwellers as well as the more general
concept of citizen (ibid. 83). The adaptation of the concept and its derivatives lead
to a clear definition of a new discipline that was fully described in Cerdá’s magnum
opus Teoría general de la urbanización (The General Theory of Urbanization) in 1867
and was to become the first comprehensive work of operational urban morphology.
The concept of a city does not have any clear morphological definition. The word
city is more or less a general definition. There really is no big difference between
big town and a small city. With ruthless arrogance, The Metapolis Dictionary of
Advanced Architecture describes a city as “an old word” (Gausa et al 2003, 111). This
fairly straightforward statement is in point of fact quite frank. The term city alone is
truly incapable of grasping any significant feature of the current state of urbanism. It
always seems to require an additional description before it really makes any sense.
Peter Hall combined it with world and created a superclass of the original concept,
Michael Batty and Paul Longley merged it with fractal and generated a new interest
in the physical part of it, and Saskia Sassen joined with global and depicted the
current state of worldwide connectivity and interdependence. And even children
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know that by uniting it with sim(ulation) we are talking about pure entertainment.
The rapid changes in a period of industrialization changed the faces of the city
considerably. By the 1920s the first efforts to alter the structural organization of cities
had already been implemented. The solutions to opening up closed and congested
street networks that were favoured in mid-19th century were simply not efficient
enough. The transportation efficiency offered by the invention of the railway set
the development on other tracks. The theories of Ebenezer Howard and the gardencity movement and the improvement of housing conditions were made possible by
recently developed public rail transport. This is the last historic moment when the
concept of city as an organizatorial principle had any significant role. And yet from
Le Corbusier’s influential book Urbanisme we may see that the Great City, born no
more than 50 years ago, was unravelling.
The great initiative of the garden city concept was the marriage of town and
country. Trying not to fall into popular but unnecessary Ebenezer-Howardism, it is
worth stressing that this (like most great inventions) was by no means the credit
of single illuminati, but rather a general trend of a time period. Thirty years earlier,
Ildefons Cerdá wanted to unite urban and rural qualities (Soria 1999, 283) and A.T.
Stewart had had a few years earlier a Garden City experiment on Long Island, New
York, that Howard might have been aware of during his stay in Chicago (which
was also once called Garden City) (Mumford 1964, 31). Also, as Osborn states, the
publication of Ebenezer Howard’s book To-morrow: A Peaceful Path to Real Reform in
1898 was by no means a time-coincidence. The progress of the garden city concept
with Howard in Britain was largely made possible by the Locomotive Act of 1896
and the beginnings of electric traction (Osborn 1946, 37). Howard’s contribution
was mainly to serve as a social momentum and to find the necessary supportive
means for it. In fact, for a long time it lacked an actual physical implementation. Even
though some separate ‘working models’ for new towns were founded, the general
urban agglomeration size concept was largely a ‘diagram only’. The first large-scale
implementation was realized in the form of Sir Patrick Abercrombie’s Greater London
Plan in 1944. It explores Howard’s idea of what should happen when a city reaches
a critical size. Abercrombie organizes the future development and channels the
growth into a new type of structure that locates ten sites for satellite towns. Osborn
summarizes the importance of this work as “the first fully worked ‘garden city’ plan
for a great Metropolis” (Osborn 1946, 48). From the words chosen by Osborn, we
realize that talking about the city is only possible with additional qualifiers such as
garden, green-belt and so on. To speak about garden city is already to talk about
metropolis.
It is important to realize that by the time of Urbanisme, for Le Corbuisier the city
and the centre were forming an inseparable unit. It was impossible to talk about
city without speaking of a centre, since for Le Corbusier the physical realization of
urban agglomeration was merely a means to ensure economic activity, intellectual
progress to strengthen man’s self-esteem and sense of dignity. The town was a tool
that was incapable of fulfilling its function and the city was the only grip of man upon
nature (Le Corbusier 1929/1987, xxi). Le Corbusier’s work was a provocative attack
on Sittean sentimentality, but it contained a similar perspective on their targets.
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Both writers understood the city as an object; an organism that is made healthier
by curing the heart. The city is synonymous with its centre. For both Camillo Sitte
and Le Corbusier the impetus for planning was also the collision with requirements
of modern traffic. But, as we know, the solutions could not be more contradictory;
Sitte’s principle was instructional, while Le Corbusier embraced a destructional
approach.
Four decades after Sitte, Le Corbusier saw the major effect of new modes of
transportation. Using statistical methods, he was able to demonstrate the exodus of
dwellers from the centre of Paris and their afflux to suburbs as well as the invasion of
business activities as a replacement. He concluded that since the great city was born
of the railway and was destroying itself by precipitating the crowds into the smallest
possible area with the narrowest streets: “To save itself, every great city must rebuild
its centre.” (ibid. 115) The main concise requirements for restructuring centres were
already outlined by him for the report to the Town Planning Congress of Strasbourg
in 1923. It consists of four contradictory demands, which protect the city of tomorrow. These are: 1) de-congestion, 2) increasing density, 3) increasing means for
traffic circulation, 4) increasing green and open space (ibid. 100). Interestingly, the
only possibility for protection was complete destructuring of the existing centre; a
solution that is today mainly considered to be unpopular and an outdated urban
dystopia.
Although he was aware of the difficulties inherent in each solution trying to
solve such an irreconcilable task, he was very much aware of the difficulties that
follow the attempts to move a centre somewhere else. Le Corbusier in fact stated
that the popular planning efforts of the time had solutions only to the least difficult
problems, i.e. they had started to solve complicated issues from the wrong end,
when starting from the suburbs. Although garden-city ideology helped to isolate the
problem, it actually made the problems in the centre even worse, forcing people
into long-distance commuting. Le Corbusier also strictly denied the possibility of
relieving pressure on the centre by creating a new centre and considered such talk
mere stalling in order to gain more time to actually solve the problems of a great city.
Le Corbusier considered this a pure fallacy, because the centre is in fact determined
by what is surrounding it. According to him, “its position is determined from a long
way off by innumerable convergings of every kind which it would be impossible to
change, to shift the axle of a wheel means that you must move the whole wheel.”
(ibid. 99)
This statement of Le Corbusier’s is an important starting point for the future
development when we are investigating how the existing configuration determines
alternate solutions. On the other hand, his strict vision for the solution seems today
too limited. “We must concentrate on the centre of the city and change it, which is
after all the simplest solution, and more simply still the only solution”, he concluded
later. (ibid. 99) The solution that seemed the only possible one was challenged
by Eliel Saarinen. Saarinen, who is if not the best known then certainly the most
influential Finnish architect-planner, proposed a new planning concept to solve the
problems of overcrowded city centres. He called the restructuring concept organic
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decentralization, the maturing of which he had been working on since the plans for
Greater Helsinki, Tallinn and Canberra starting from 1910 on.
Saarinen was a very practical man. In the major work of his late years, The City
– Its Growth, Itst Decay, Its Future, he stressed the meaning of a vision to “span
a long bridge toward an unknown future”. This vision in planning, on the other
hand, was for him much like research in science is a matter of vision, and thus he
wanted to divorce it from high-flying city conceptions (Saarinen 1943, 374). For
him, the planning task of a city is to be always concerned with gradual growth and
interwoven presence on various design scales. This tradition was passed on to
several of his students at the Cranbrook Academy of Art (see, for example, Bacon
1967, Morrison et al. 1982/2001). His own influences can be traced back to the
early years of the 20th century. Osborn describes Howard’s garden city concept
as a unique combination of proposals in which he combines ideas from Thomas
More to Robert Owen and Alfred Marshall to Herbert Spencer (Osborn 1946, 33).
Howard’s work was one of the key inspirations for Saarinen’s later ideas. Howard’s
diagram resembles the organizational principles of Otto Wagner’s general plan for
Vienna, dating six years before To-morrow. It is uncertain whether Howard was
aware of Wagner’s work, but Saarinen certainly was (Mikkola 1984, 25). Mikkola
also mentions the plan for Chicago of 1909 designed by Daniel Burnham and Edward
Bennet as an important source of inspiration for Saarinen (ibid. 8). Saarinen’s early
works are searching methods for the planned dispersal of activities. His work, like
the theories of Howard, can be seen as an antithesis for uncontrolled sprawl. Despite
this ideological common ground with the garden city movement, Mikkola sees, for
example, Saarinen’s ‘Pro Helsingfors’ plan of 1918 as bearing more resemblance to
Clarence Perry’s Neighborhood Unit survey ten years later (ibid. 26).
On several occasions Saarinen writes about the transition of the city. The city
and town planning tradition, he argues, is undergoing huge changes that have
thrown many large cities into, in Saarinen’s own words, a ‘perplexed state of
bewilderment’: only during the past two decades, that is, since the 1920s, did the
towns mushroom into extensive cities and beyond – to satellite communities and
metropolitan structures and neighbouring townships that have been swallowed up
by the nuclear city. The most notable advice for curing the problems created by the
newborn heterogenous mass was planning with a fresh attitude, as crystallized in
the following lines:
“Indeed, it is most important to understand more than has been so far understood, that past
methods of town-building are not valid any more, and that present and future methods must
be based on entirely new premises. And these new premises can and must be found only in
and through the existing difficulties.” (Saarinen 1943, 143)

The solution that Saarinen proposed was anything but obvious. The main reason
for the problems of cities is increased velocity. Surprisingly, it is also the solution that
keeps the decentralized city concentrated in terms of activities (Saarinen 1943, 216).
A problem that became a solution – convenient, isn’t it? The solution was completely
the opposite to that proposed by Le Corbusier less than 15 years earlier. Saarinen
was able to see the deep interrelations of traffic and activities. For him this was the

only way to avoid the shortest cut causality that practical planners seem to take
(ibid. 141). Equally surprisingly, he realized that the size of an urban concentration
does not matter much (ibid. 207), as the mechanism of development is all the same:
“the more this traffic grows, the more this phlegmatic routine accelerates toward
conditions which make planning seem a comic paradox.” (ibid. 358) Bad conditions
become worse when a street is widened under pressure of unbearable heavy
traffic, because still more traffic pours in. Another example of a vicious positive
feedback cycle of urbanism is nourished when the building height is increased to
maintain land values of already intensified zones. According to Saarinen, to avoid
oversimplified solutions planners should be like a physician who understands that a
headache could be caused by the stomach, and when the problem appears to be in
the stomach the cause may as well be somewhere else (ibid. 144).

The dispersal of activities, whether planned or unplanned, that are traditionally
associated with the city, have made the city-object of Le Corbusier insufficient for the
analysis of the current state of urbanism. On the other hand, many of the analyses
he introduced are still very satisfactory. Especially Le Corbusier’s far-sighted remark
concerning the relation of traffic speed and capacity (Figure 91) is comparable with
Saarinen’s scheme of velocity and decentralized structure. Le Corbusier mentions
that the maximum capacity of traffic (1775 vehicles per hour) is reached at the
speed of approximately 16 km/h (10 mph) (Le Corbusier 1929/1987, 122). When
we take into consideration the technical development and compare it to the present
situation, we realize that the curves are quite drastically distorted towards the right:
the maximum capacity of 2000 vehicles per hour per lane is reached at a speed of
50 km/h (~30 mph) in streets and approximately 80 km/h (~40 mph) in highway
conditions. It is easy to see that if the most efficient speed has tripled or even
quadrupled, the structure of the urban fabric has a very different form. It also gives
another perspective on Le Corbusier’s illustrations calling special attention to the
emptiness of the streetscape.
Francois Ascher cleverly proposes that the manuscripts of Le Corbusier on modern
architecture and urbanism are equivalent to the writings of Fredrick Winslow Taylor
and John Maynard Keynes on industrial organization and political economy (Ascher
1995b). Thus, if we try to find an acceptable concept of structurally mono-centric

[Figure 91] Greenshield’s classic model of traffic capacity from 1935, and a slightly earlier interpretation of the same
phenomenon by Le Corbusier (Sources: Kühne 2008, 4, and Le Corbusier, 1929/1987, 122, modified).
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spatial organization, the term monopolis seems to suit the category introduced
by Ascher. It refers directly to singularity and also has contradictory connotations
similar to the concept of metapolis. It is also easy to see its resemblance to the term
monopoly (pl. monopolies) as monopole (pl. monopoles), both of which refer to the
dominance of a single action and actor. Gausa et al. also used the term multi-city
as an alternative concept when trying to cope with present urban structures: the
prefix multi refers to the same target as the prefix poly, and is thus an opposite to
the family of words with the mono prefix (Gausa et al. 2003. 424-425). The general
usage of the term multi-city refers to broken centre-periphery dialectics which are
altered into polycentric formations, a-hierarchical systems, networks and rhizomes.
In other words, it stands for generated urban multiplicity that is different from selfreinforced repetition and fixed assumptions, i.e. monotony. The most important
realization of this new terminology is that it suggests that the urban connections
do not simply add up to each other, but are relationally multiplicative (ibid. 442).
The deliberately exaggerated word-play of the writers refers to an urgent need to
jump out of the uninformative and misleading discussions we have encountered
earlier with the traditional city-based terminology.316 The monopolis – metapolis
dialectic can be understood more specifically as a structural and/or a configurational
counterpart of a city – multi-city dialectic.
The traditional concept of a city has always played a significant role in transforming
urbanization. The concept of metropolis, mother city, contains an implicit connection
to daughter cities. Similarly, Ascher sees the role of cities as important in the current
restructuring and transition phase of the metapolis. Metapolises are best described
as dynamic new metropolises that have started to attach themselves to the existing
infrastructures and old networks. Ascher defines this relationship of the present and
future urban structures as follows: “All the big cities do not become metapoleis, but in
Europe all the metapoleis reconstruct themselves from big old cities.” (Ascher 1995b)
Metapolis is thus a similar result of conversion than metropolis, so it is necessary to
make some further examination of the conceptualization of metropolis. If we have
already realized that the definitions of city have become somewhat cumbersome,
the situation is little better with the concept of metropolis. Metropolis has fallen
into a sort of a ragbag category, where all urban structures that have shot out of
the city definition are conveniently placed. Thus the lack of one precise definition
has led to several definitions instead. The only thing that can be recognized from
these characterizations is that by the definition of metropolis one usually refers to
something more than just a large city.
What, then, is this special characteristic that differentiates cities from metropoleis?
If we keep in mind the controversial aspects related to large-scale urban structures,
we can be sure that to come up with a good definition for metropolis is not a
simple task. John C. Bollens and Henry J. Schmandt did not succeed in finding one
and ended up writing a book Metropolis of some 600 pages (Bollens & Schmandt
1965). A quarter of a century later, Emrys Jones wrote some 200 pages more, but
316
The discussion is not mere semantics or completely based on arbitrary neologisms, which can be
sensed from the fact that classic monocentric urban economic models are sometimes referred to as cities of
monopolistic competition. See, for example, Fujita & Krugman (2000).
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was unable to give an adequate definition of Metropolis, which was the title of his
book, too (Jones 1990). And this is only two books out of 745 items available at
www.amazon.com, which include the word metropolis in their title. Jones ended
up giving additional labels for different types of metropolis concepts according to
their historical occurrences. He did this with the clear opinion that after all a “lack
of precision in the definitions bothers no one but the academic specialists” (ibid. 2).
Jones is very much aware that descriptions, especially detailed ones, fall short on the
most evocative features of metropolis. So this method of re-projection that he uses
seems relevant to these recently deformed urban structures. In fact, the metropolis
conceptions have almost as little in common as the conceptualization of cities. Both
of them have been sucked into an inflationary spiral and are no longer determined
in straightforward relation to hinterland, which, after all, was the lifeblood of the
early city.
Of course, there are measures that depict some of the key characteristics of
metropoleis. It is quite natural that the first thing that comes to mind is the definition
based on population. Even though it is often seen as a primary attribute, it does not
really give any specific information about the status of the metropolis. For example,
the Minneapolis-St.Paul twin city (USA) or Fortaleza (Brazil) is hardly comparable
with Rome (Italy) of the same size in terms of population (3.3 million). Some general
guideline could be found in one of the first official definitions called the Standard
Metropolitan Statistical Area (SMSA) established by the U.S Bureau of the Budget. The
requirement contains two primary conditions and some additional subconditions.
The primary condition is that SMSA must contain at least one city of not less than
50,000 inhabitants. The other primary criterion in boundary definition is that SMSA
will include the entire county in which the central city is located as well as adjacent
counties that meet two criteria. They are metropolitan in character and they are
economically and socially integrated with the county containing the central city. To
test the two latter requirements some additional subcriteria must be defined. For a
metropolitan character, a county must have at least 75% non-agricultural workers
and in addition meet at least one of the three subconditions that define the density
of minor population divisions and the absolute number or ratio of non-agricultural
workplaces and labour force in comparison to the central city. Of two subcriteria
for integration the adjacent county must satisfy one: at least 15% of the labour
force must work in the central city or alternatively at least 25% of those working in
the county must live in the central county (Bollens & Schmandt 1965, 7). For more
detailed information on census based definitions the reader is referred to Berry et
al. (1968). The definitions are given here only to illustrate how difficult the rigorous
definitions can go and yet say almost nothing. It is obvious that the statistical areas
filling these criteria are of great diversity. A metropolis of just over 50,000 inhabitants
is hardly comparable with one of, say, 5 million. It is also claimed that such a loose
definition made for administrative and governmental budget purposes actually
robs the metropolitan concept. Definitions like this may as well lead to normative
pathologies when competing on supplementary funds or subventions. Bollens and
Schmandt conclude that since no definitive criteria for metropolitanism exist, it is
important to understand how population size is related to other prime attributes
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that may be summarized as: interdependence, decentralization, governmental
fragmentation and specialization (Bollens & Schmandt 1965, 43).
From the economics point of view, one can find further definitions for
agglomerations of different sizes that help to clarify the rigid but rather cumbersome
quantitative definitions. Quite surprisingly, Jane Jacobs finds no real difference
between city and metropolis in terms of economy. According to her definition, the city
has to be understood as a dynamic entity: “A settlement that consistently generates
its economic growth from its local economy.” (Jacobs 1970, 262) In this sense the
metropolitan area does not differ economically from the city. The conceptual
boundary, according to Jacobs, is drawn politically rather arbitrarily, meaning that
only a city that has physically expanded beyond its administrative boundary could
be called a metropolis. Jacobs makes it quite clear that the conceptual confusion
is caused by limitations of management and planning. Following the economic
reasoning, on the other hand, the more profound feature is the self-generated
economic growth, not the form itself.
Originally, the concept of metropolis really implied a strict hierarchy of a daughtermother city relationship, as could still be sensed from the description in the previous
section. But it is just as easy to see the limitations differentiating between the city
and metropolis concepts as it is to define when a metropolis has transformed into
something else. For instance, metropolis has turned into megalopolis. Moreover,
the recent development of global economies has led gradually to structures which
can be best described as open urban systems. This was strikingly shown by Peter
Hall in his analysis World Cities. The title, which he got from early urban visionary
Patrick Geddes, characterizes the cities that have outstripped their national urban
network and are integrated into the international global system (Jones 1990, 13).
Metropoleis suddenly became single nodes in this large global network.

Petropolis
In the early 1960s, when urban modelling was taking its first steps and regional
science and planning finally achieved the status they have enjoyed up to the present
day, a certain demarcation phase also existed in the development of concepts. The
concept of metropolis and its guiding processes and imperfections did not quite fit
in with the optimistic visions. An example of this can be found in the discussions and
topics of international symposiums led by the United Nations. The focus of the work
was “the radical transformation of man’s pattern of habitation on earth” (United
Nations 1967, v), which the United Nations agreed was to be one of the most
important social and economic phenomena of the time. The hope was still in solving
the problem using the ideology of new towns that had been recently developed.
The New Towns Act (1946), passed by the British Parliament, had existed for two
decades, so the first solutions were realized and available for detailed observation.
Yet the conceptualizations did not fit the reality, and a lot of metaphorically-coloured
descriptions blossomed. Metropolis and urban growth definitions screamed an
“uncontrolled crescendo of urbanization” (ibid. iii) and unplannedness (ibid. 6)
and sprawl (ibid. 12), new towns were seen as a panacea (ibid. 74), Randstad in
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the Netherlands was still an outlaw of metropolitan definitions (ibid. 101), and the
metropolitan population was transformed into a new kind of centaur – a man-car
(ibid. 11). Large numbers of heterogeneous parts that were closely interdependent
and interconnected were not easily accepted as a definition for something that
throughout history had been based on continuous urban fabric.
Metropolis, a city grown big, was identified as a man-car city, where the car
was seen simultaneously as an obnoxious, space-demanding object and an agent
for relieving economic growth. Constantinos A. Doxiadis outlined the ‘contemporary
problem’ in the following list (ibid. 52):
•
•
•
•
•
•
•

the unprecedented and universal increase of population
the recognition that government and society have to serve the whole city and all its
citizens
the introduction of the machine which disrupts the existing human scale
the rapid change in economic structure
the growing complexity of satisfying the needs of individuals and providing for the
social organization of the community
the rate of change in urban physical structure which makes obsolete static planning and
demands a fourth dimension – time
the pattern of urban growth in concentric circles which strangles life in the centre of the
metropolis and prevents its normal development.

Thinking carefully, the present discussions forty years later contain exactly the
same topics – and same solutions. The intervening years never solved any of them,
but ratified them all.
By the 1960s it was entirely obvious that increasing car ownership played a crucial
role in the deformation of cities and metropolitan regions (Mumford 1961/1966,
Doxiadis 1963, Ullman 1962). But long afterwards, in the minds of urbanists, the
concept of metropolis followed the classical definition of hierarchical structure to
which ‘American spatial organization’ remained a mere anomaly (Castells 1972/1977,
25). And in fact, it is not uncommon to run into these discussions even today. An
extremely early commentator of this rupture of theory and realism was Scott Greer:
“Some forty years after urban sociologists began their intensive study of the city and political
scientists became empirical students of public administration and political behaviour, our
image of the city is in the process of dissolution. (…) There is little order in our theories,
and our data seem largely irrelevant to them. At the very point in time when we become
a metropolitan society, when the problems of the metropolis excite widespread interest,
study, and action, some of the scholars studying the city lean toward the notion that it has
disappeared while others proffer images so disparate and discrepant that they hardly seem
to refer to the same elephant.” (Greer 1962/1999, 20)

Greer continues explaining the nature and implications of crisis by stating:
“The crisis of the city is thus, in the beginning at least, an intellectual crisis. The inherited
images are no longer applicable; they are partial and based on assumptions about the total
society that are unexamined and frequently outmoded. Furthermore, the action crisis of
the metropolis cannot be disengaged from the intellectual crisis, for the very definition of
a metropolitan problem is dependent upon one’s picture of the city and the kind of life it
should contain, as the choice of action to improve or revolutionize is dependent upon one’s
estimate of the city as an existing entity. Those who retain the image of the city as a legal
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person, a corporate entity, heir to the city-states of Greece, Italy, and medieval Europe, will
hardly agree with those who see it chiefly as a spatial sample of a massified society. Their
notions of what is, what should be, and how it may be brought about, will tend toward the
poles of possibility.” (ibid. 21)

There is irrefutable evidence that the transformation started from the United
States and it was there where Harris & Ullman in 1945 were able to present the
final development stage of classic diagram models. This polynucleic model seems to
have broken the symmetries of all organizatorial principles and visual characteristics
could only be explained through internal processes and was to be solidified again
only after Brian Berry’s finding of urban hierarchies repeated across the range of
various scales in his seminal paper Cities as Systems within Systems of Cities (Berry
1964). A unified symmetry seemed again possible, but this time across the scales
from Christaller’s theories of region to the scale of the internal structure of a city.
One of the early observers of this ongoing modern transformation was Eliel
Saarinen who had emigrated to the U.S.A in 1923 and twenty years later was
convinced of the ongoing malfunction of cities and disgusted with the new
phenomena. “For, inasmuch as the decentralization movement is a slow process,
much can take place during the change of conditions of which the urban dweller
of today has no conception, as yet.” Saarinen continues with prominent prospects:
“Much can take place already now, for in many respects we have a clear conception of
how to arrange matters. It has been said that there is little reason why heavy industry, for
example, should be located in the heart of the city. The logical step then must be to correct
past mistakes of this nature. When this heavy industry will gradually be moved to new
manufacturing suburbs, it will relocate other functions such as housing of workmen, and
technical and administrative staffs. Light industry will decentralize in much the same manner,
for it will spread itself into the various units of the decentralization areas where better living
and working conditions can be had. Considerable amounts of business, particularly such
as is concerned with the supplying of daily needs, will automatically follow the centrifugal
trend. Many other members of the multifarious urban household will find suitable and
improved conditions in the new communities which, step by step, will be built in accordance
with modern needs and methods. All these already constitute a considerable part of civic
functions, and their removal will lessen the present density.” (Saarinen 1943, 212-213)

The first speculations on the impact of the car on urban settlements were seen
in the utopias of Le Corbusier (La Ville Contemporeine 1922, La Ville Radieuse 1935)
and Frank Lloyd Wright (Broadacre City 1932). At that time they were seen merely
as complementary opportunities without any major side effect. Two extreme
cases or models were based on the same phenomenon of increased mobility.
Saarinen seemingly was influenced by the atmosphere of his new homeland and
followed Wright’s causation: “(T)he casual contacts can be established by velocity
of travel rather than by compactness of planning. A good traffic system permitting
maximum speed is therefore of greater relative importance than an unfunctional
concentration. In short, the decentralized city retains sufficient concentration of
activity by increased velocity.” (Saarinen 1943, 216) Not surprisingly we got neither
one, but pieces of them both instead.
Emrys Jones chose the term megalopolis for this newly emerging form of
metropolitan development. The following quote from Jones seems a proper
description of urban structures in general:
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“Megalopolis embodies two diametrically opposed tendencies in settlement growth:
agglomeration and partial dispersion, pronounced centralization and light density sprawl.
Now contemporary technology in communication lends itself more particularly to dispersal.
It is almost a truism to say that you no longer have to live in city to be a part of urban
civilization” (Jones 1990, 141)

In terms of definitions, it is difficult to find an unambiguous successor to the
metropolis of the second modernization. In the present study I have chosen to stick
with Ascher’s term metapolis, since it reaches completely new levels of informativess.
The characteristic features of current urban form are direct consequences of the rise
of the petro-chemical industry,317 so the term petropolis seems a proper name for
the last phase of the metropolitan era. The effects of the automobile on the physical
form of the centre seem quite obviously today, but from a wider urban development
perspective the major consequence of it is its capability to change to the relative
position of the periphery – a notion that can already be found in William Alonso
(Alonso 1964, 113).
Despite the undeniably dismal state of the current automobile-based culture and
its environmental impact, I have a feeling that unfortunately it will not disappear
with a nod and a frown. To think positively, we can agree with William MacDonough’s
insight that the Stone Age did not end because they ran out of stones. To move on
from petropolis some advances are likely to emerge, but it is more than likely that
some of the characteristics of the current state of urbanism will persist, and they
are not necessarily the best we favour from the past. Therefore, some distinctive
characteristics of the current development must be unearthed. Edward Ullman,
a long-.term observer of metropolitan growth in the U.S.A., once outlined a
representative set of factors that are involved in urban transformation:
“1. Mere size attracts size – a mass, gravity effect; the larger the centre the more innovators,
the more persons who have relatives and friends who are attracted as immigrants, etc.
2. The external economies of larger centres provide a greater range of interdependent
specialities and facilities.
3. A relative improvement in internal, urban transit has occurred, primarily because of
the short haul advantages of the auto and truck; this latter factor has been particularly
significant in the expansion of urban area...” (Ullman 1962)

From this list I can distinguish three characteristics that guide the present work:
size, interdependency and accessibility. I believe that these are the necessary and
sufficient components that have made the urban transformations, where fixed
locations and proximities have been changed into probabilities, comparable with
phase transitions in chemistry. Cities have been liquefied due to multiple degrees of
freedom, increased movements of particles and overlapping interactions.

317
For a detailed discussion of the complex connections and the present deadlock phase of the oil
industry and society see Roberts (2004).
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APPENDIX 2
A brief note on distributions
In general terms, a distribution could be defined as an explicit description of the
division of entities. Therefore, it can be seen in relation to concepts of spreading,
diffusion, dispersion or similar such processes. On the other hand, due to the
generality of the concept, one can imagine that such descriptions vary according
to the nature of the phenomenon depicted. Technically speaking, statistical
distribution can be defined quite straightforwardly as an output of an attempt to
yield insight information on a pattern of population (i.e. the collection of entities).
The techniques for this are often divided into two. An attempt to summarize the key
features of population, also known as descriptive statistics, is the very first step for
statistical analyses. The aim of this step is to find suitable descriptors of connections
for units of population. The most common way to understand the overall pattern of
data is to describe it as probabilities of expected values318 over the whole range of
unique observations. Further, this can be summarized in the form of a mathematical
function, such as the most commonly used probability density function (pdf) or
cumulative distribution function (cdf). Detailed information on this distribution
description is found by recognizing the functional form of pdf/cdf and reducing its
unique characteristics into numerical indices, such as the moments of distribution.319
The main division of distribution functions is that they are defined as either
discrete or continuous. By searching through any statistics text books for various
pdf’s, one easily finds tens of slightly different variants for possible data distribution
descriptors or, more annoyingly, just simply the same distributions that have
alternative names in different scientific disciplines.320 It is far beyond the scope of the
present dissertation to start a discussion on them, but instead some useful remarks
about them could be made in order to tie up the issues in this appendix. The first
urgent remark is that any empirical study using a continuous distribution function
is a step towards a theoretical approach. That is because, strictly speaking, every
empirical distribution is a discrete one defined by the unit of analysis. Therefore, the
representativeness of a sample population is justified on the basis of an assumed
equal distribution of a random partition and an entire population. Statistically
speaking, this is not a bad assumption, since it can be shown that when the sample
size increases several experimental discrete distributions come infinitely close to
318
A.k.a frequency probability, which could be more suitably decribed as probability density.
319
Standardized moments: The 1st moment - the centrality tendency (mean, median, mode etc.);
2nd moment - dispersion tendency (variance); 3rd moment - various shape descriptors, such as skewness for the
measure of asymmetry; 4th moment - kurtosis, for the measure of ‘peakedness’.
320
The names of distributions are a perfect example of Stephen Stigler’s remark that within science and
other social structures historical acclaim and reputation tend to be allocated unevenly and become associated with
high visibility and social status. This unavoidable principle, known also as Stigler’s law of eponymy, has invaded
various disciplines and it is often more than clear who is behind the original idea. In the present text I try to surf
between them and provide enough alternative nominations whenever it is possible without losing the focus on the
original topic.
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some continuous distributions.321
If statistical significance is found in the data observed, some further assumptions
are possible. When taking on the idea of distribution in the modelling world, it is
often necessary to make a connection with empirics and define the distribution with
a continuous function. It is also worth noting that in an exploratory analysis in which
we are trying to reach some aspects of an uncertain future, it is not a matter of a
distribution of activity but rather assumptions about distributions. Therefore, the
distribution itself becomes a model and we must bear in mind everything that is said
about the relation of the model world and the real life it attempts to represent. It is
therefore important to realize that the term distribution, no matter in how technical
a context it is used, is nothing more than a rough description or ‘fingerprint’ of the
overall pattern of the sampled data.

A selected taxonomy of distributions
In science numerous distributions have become important for particular theories
or applications, and therefore several groups have independently discovered
probability densities for different phenomena. As a result, the concept of distribution
has become nearly a general term equivalent to the concepts of function, process or
law, which are also often used as synonyms for it. An attempt to draw an inclusive
taxonomy of these distributions would avail little in this work. However, since there is
an apprehension of misinterpretation some further clarifications ought to be made.
The common use of distributions is that they are used as fingerprints of certain
stochastic322 processes. This principle is more commonly known in relation to central
limit theorems, which are a set of weak convergence results in probability theory
stating that independent random variables tend to be distributed according to
characteristic patterns or attractors. The most ubiquitous one is normally distributed
patterns, which are a result of the sum of variables with finite variance, and is known
as the central limit theorem (clt).
Normal distribution is one of two important distributions, and dates back to
the first half of the 1800s, when systematic research on stochasticity really started.
In 1835 the French mathematician Siméon-Denis Poisson made a significant
contribution to the research on random events with his ‘law of large numbers’.
What Poisson essentially suggested was that pure randomness actually gives
way to determinism if the number of occurrences is large. Random events are
not completely random, but instead work in a predictable way. The result of this
predictability was the emergence of the bell-shaped normal distribution of an error
curve, also reported by the German mathematician Carl Friedrich Gauss in 1807 (Ball
2004, 76). Normal distribution also arises as the end result of what today is known as
a Gaussian process and measurements falling in this distribution are called Gaussian
321
For example, Student’s T-distribution and Poisson distribution will converge to a normal distribution
(i.e. Gaussian distribution) or zeta distribution (i.e. Zipf distribution) whose tail follows the exponential distribution
(i.e. Pareto distribution).
322
By stocasticity one means that the next state of the system is not fully determined by previous states
and each observation is independent of the others.
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[Figure 92] Probability density and cumulative density functions of normal
distribution (Source: Wikipedia)

statistics.
Poisson also made some further remarks on random processes which enhanced
knowledge on the universality of normally distributed phenomenon. In his 1838
publication he realised that whenever the probability of a phenomenon happening
is constant in time or space, the distribution follows roughly the same bell-shaped
pattern. Poisson was able to conclude this finding under another rule he named ‘the
law of rare events’. Its mathematical counterparts are currently known as Poisson
processes, and its equivalent discrete density function as the Poisson distribution.
Ladislaus Bortkiewicz seems to have been the first to notice that events with a
low frequency in a large population follow the Poisson distribution even when the
probabilities of events vary. His findings were published in 1898 under the title “The
law of small numbers”.323

The second clearly distinguishable group of distributions can be found in the set of
power-law functions. Power laws seem to appear when the growth process confronts
no resistance. The fundamental principle of these distributions is understood as the
growth of growth that brings out exponentiality, orders of magnitude and scale-free
phenomena. Classic occurrences of this type are found in the growth of viruses,
economic interest rates, overwhelming digital information and, of course, the
Internet. The fascinating and scary feature of power law phenomena is that its last
portion of growth is larger than the sum of all previous ones (von Baeyer 2003/2005,
25). The exponential (and its inverse, logarithmic) functions are best for describing
such distributions and actual power-law type phenomena have the best known
empirical incidences in the work of the 19th century economist Vilfredo Pareto
and 20th century linguist Geoffrey Kingley Zipf. Not surprisingly, Pareto and Zipf
distributions are among the most cited types of power law distributions. Power-law
distributions are often inspected in log-log coordinates, because taking logarithm
from both plotted quantities results in a graph that shows as a straight line, which
naturally simplifies the rough evaluation of data.

323
Not to be confused with the other discussion of the ‘law of small numbers’ originated by Tversky
and Kahneman in their 1971 publication that deals with people’s poor capability to estimate Bayesian probabilities,
which leads to biased expectations on the bases of small sample sizes. Since the present study is mainly concerned
with large statistical samples I have to drop this interesting topic. For more information see Tversky & Kahneman
(1971) and Rabin (2000).

These two previous distributions may be seen as two extremes of mathematical
idealizations in an axis from stochasticity to determinism. On the other hand, in
empirical analyses pure idealization often leads to misleading conclusions. By
comparing these two it is easy to see that their characteristics differ significantly:
•
•
•
•
•

Normal distribution has a finite maximum, while the base function in power-law
distribution has an infinite maximum.
Normal distribution has infinite support (), while power-law distribution has finite
support ().
Both density functions of normal distribution are symmetric around the value of its
1st moment, while both density functions of power-law distribution have significant
asymmetry.
The functional forms of both density functions of normal distribution are different
(pdf bell-shaped; cdf S-curve), while the functional forms of both density functions of
power-law distribution are equivalent (proportional change).
Normal distribution indicates a stochastic process, while power-law distribution points
towards determinism.

Obviously a more suitable set of these strikingly different features can be found in
other distributions if needed to fit a more comprehensive theory or application.
Often empirical distributions, on the other hand, are more or less skewed and
do not quite seem to fit either theory or observed data. For instance, Brian Berry
provoked discussion for a whole series of distributions bearing a family resemblance
to the observed rank-size relationship of cities. Berry points out especially lognormal and Yule324 distributions (Berry 1964, 118) and more recently Jan Eeckhout
recalled Gibrat’s law325 for the same purpose (Eeckhout 2004). The basic idea for a
more profound search for a more delicate distribution is always an intuitive belief
that possibly the distribution observed is a multiple phenomenon of stochastic and
deterministic processes and their mixtures. For instance, biological mechanisms
often induce log-normal distributions that become explicable when exponential
growth is combined with further symmetrical variation. Limpert et al. have collected
examples of 10 different disciplines across the sciences from geology to mining and
ecology to economics to give an idea of the universality of log-normal distribtions
(Limpert et al. 2001)
324
Currently known as the Yule-Simon distribution, which arises as a continuous mixture of geometric
distributions.
325
Robert Gibrat’s proposal for regularity arising from the assumption that the size of a firm and
its growth rate are independent of each other. Gibrat’s distribution is, in fact, a special case of the log-normal
distribution.

[Figure 93] Probability density and cumulative density
functions of sample power-law distribution. (Source:
Wikipedia)
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The basic properties of log-normal distribution were already established in the
first half of the 19th century and extensively documented by Galton (1897) and
Gibrat (1931) but also by several others. Figure 94 shows the flexibility of function to
keep up with properties of both normal and power-law distributions when suitably
parameterized. This is a natural outcome of merging normal distribution with
logarithmic scale. By definition a log-normal distribution is the probability density of
any random variable (X), whose logarithm (log X) is normally distributed. This brings
along some clear advantages for application. Log-normal distributions are easily
converted into normal distributions by simply using the logarithm of the variable
instead of the observed value as such.

[Figure 94] Probability density and cumulative density functions of
log-normal distribution. (Source: Wikipedia)

An alternative possibility is to reach the in-between-world from the deterministic
end. Logistic distribution is the most suitable candidate for this approach, since
it combines a growth that is proportional to its size (i.e. exponential) and has a
limiting theorem for the maximum size of a system. The logistic equation was first
defined in the early 19th century by Pierre Francois Verhulst, a Belgian sociologist
and mathematician, and ever since has been associated with various natural growth
phenomena. The working principle of logistic growth is easy to recognize when
described verbally. In the first stage, for small populations, the growths proceed
geometrically, since there are more resources available than the population needs.
Then comes a constant phase, when the resources are fully utilized. Ultimately
there comes a very slow phase of growth as the population’s demand for resources
exceeds the supply. During the past three decades Cesaré Marchetti has conducted
research on the growth and decay of hundreds of psychological, social, technical and
political phenomena. Most surprisingly, they all have in common the dynamics that
follow logistic distribution. The phenomenal equivalence covers such different topics
as the artistic creativity of Mozart, Shakespeare or Botticelli, the growth of bacteria
population, the implementation of Japan’s mainframe computers, the discovery of
chemical elements, the volume of several transportation modes, the number of
innovations, the building of gothic cathedrals etc. (http://www.cesaremarchetti.org,
Casti 1994/1997, 54-57). All in all, Marchetti’s analyses seem to suggest that within
this finite world the scarcity of several resources eventually tends to set limits to
scale-free growth.326 The differences between logistic and normal distribution are
326
It is tempting to expect that the most obvious scarce resource operating system, monetary economics,
would work that way, too. But, if I understood Paul Krugman’s hot dogs and buns model of economy (Krugman

not immediately obvious, but a logistic can be recognized by its longer tail and more
peaky profile.327 Moreover, the characteristically smooth S-curve formed by the
logistic distribution cdf (so-called sigmoid function) is not at first glance very different
from that of normal distribution. Like log-normal and power-law distribution, logistic
distribution, too, is easy to convert into a linear form for visual inspection. Instead
of using exact cumulative values as coordinates, the graph of the S-curve transforms
into a straight line when quantities are based on the so-called Fisher-Pry transform.
The transformation can be expressed as the F/(1-F) relation, where F is a fraction
of the size of the entire system and (1-F) in turn expresses the space left for growth
before the saturation point. Therefore the transformed quantity has a value of 1
when the system has reached half its size.

The selected sample distributions above are motivated by issues of growth and
multiple scales. In this series the normal distribution seems at first glance to be a
mere peculiarity; but this is not the case. The extensive branch of analytical research
on distributions has since the 1930s focused on a large family of so-called stable
distributions. Normal (Gaussian) distribution is the best known example of this
group. The beauty of this category of distributions is that the product of two stable
distributions results in a new stable distribution. This simply means that normal
distributions of multiple scales will sum up to a novel normal distribution and engulf
scalar characteristics of every kind. Or, in other words, every normal distribution
is potentially a collection of infinite numbers of other normal distributions. It is
also interesting to realize that normal distribution is not the only item in its group.
For example, Lorentzian (alias Cauchy) and Lévy-Smirnov distributions belong to
the same category having these features.328 Yet normal distribution has a unique
characteristic among them, since it is the only one having all its moments finite.
The schematic figure below (Figure 96) summarizes this uniqueness of normal
1997/1998) correctly, this is not the case. Nor is it the case with the information explosion either (von Baeyer
2003/2005). Material-based systems will wear out, but the abstract systems keep going strong.
327
Logistic distribution has kurtosis of 1.2 compared with 0 for the normal distribution.
328
Normal and Lorenzian distributions both have in the characteristic function of their pdf the functional
form of
α

ϕ (q) = e −γ |q|

where α = 1 in Lorentzian and α = 2 in normal distribution. In fact, an even more general determination of the
entire class of stable distributions has been found. In addition to the above-mentioned two distributions, only
Levy-Smirnov has a known analytical form. For a summary of formalism and original references see Mantegna &
Stanley (2000).

[Figure 95] Probability density and cumulative density functions of
logistic distribution. (Source: Wikipedia)
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distribution as the attractor329 of the functional space of pdfs of stable distributions
(Mantegna & Stanley 2000, 17-33).
[Figure 96] Schematic illustration of the convergence process of pdfs. The black circle represents the Gaussian
attractor and the black squares the Lévy stable non-Gaussian attractors. (After Mantegna & Stanley 2000)
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Statistical distributions are robust tools for analysing the patterns of association of
an observed data set. But one should bear in mind that the benefits of this approach
are limited to the fact that distributions are only a particular type of agglomerate
knowledge unable to expose its own emergence. Therefore, the big picture still
remains: Why stick to only one type of description if there are alternatives available?
What are the interesting characteristics in spatial development that are concealed in
statistical distributions? Anomalies that are not conveniently explained as a variance
or a standard error from the observed mean of the entire dataset. After all, in the
description of spatial phenomena, the pattern of statistical distribution is latent for
others in detailed descriptions of spatial patterns.

329
I have learned that the affirmation for this can be found in a specific limit theorem by Gnedenko
(1940) and Gnedenko & Kolmogorov (1954).
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APPENDIX 3
NACE codes used
Industry types following NACE (rev. 1.1) statistical classification codes:
High technology industry
Manufacture of aircraft and spacecraft (35.3)
Manufacture of office machinery and computers (30)
Manufacture of electronic valves and tubes and other electronic components (32.1)
Manufacture of television and radio transmitters and apparatus for line telephony and line
telegraphy (32.2)
Manufacture of pharmaceuticals, medicinal chemicals and botanical products (24.4)
Manufacture of medical, precision and optical instruments, watches and clocks (33)
Upper middle level technology industry
Manufacture of electric domestic appliances (29.71)
Manufacture of electrical machinery and apparatus not elsewhere classified (n.e.c.) (31)
Manufacture of television and radio receivers, sound or video recording or reproducing
apparatus and associated goods (32.3)
Manufacture of motor vehicles, trailers and semi-trailers (34)
Manufacture of railway and tramway locomotives and rolling stock (35.2)
Manufacture of chemicals and chemical products; excluding pharmaceuticals etc. (24;
excluding 24.4)
Manufacture of machinery and equipment n.e.c. (29)
Lower middle level technology industry
Manufacture of coke, refined petroleum products and nuclear fuel (23)
Building and repairing of ships and boats (35.1)
Manufacture of motorcycles and bicycles (35.4)
Manufacture of other transport equipment n.e.c. (35.5)
Manufacture of rubber and plastic products (25)
Manufacture of other non-metallic mineral products (26)
Manufacture of basic metals (27)
Manufacture of fabricated metal products, except machinery and equipment (28)
Manufacturing n.e.c; excluding furniture (36; excluding 36.1)
Low technology industry
Manufacture of food products and beverages (15)
Manufacture of tobacco products (16)
Manufacture of textiles (17)
Manufacture of wearing apparel; dressing and dyeing of fur (18)
Tanning and dressing of leather; manufacture of luggage, handbags, saddlery, harness and
footwear (19)
Manufacture of wood and of products of wood and cork, except furniture; manufacture of
articles of straw and plaiting materials (20)
Manufacture of furniture (36.1)
Manufacture of pulp, paper and paper products (21)
Publishing, printing and reproduction of recorded media (22)
Recycling (37)
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APPENDIX 4
A note on Reino Ajo’s function
Eq.A1

(d1 - pd - r)2 = q2d

, in which
2

2

 v 
2t 2 v
t 
p = 1 +  1  , q = 1 ln 1 , r = t12  ln 1  and
t
t
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 0
0
0
 v0 

t0,1 ≠ 0 , v 0,1 ≠ 0

Eq.A2

p2d2 + (2pr - 2d1p - q2 )d + (d12 - 2rd1 + r2 ) = 0

Eq.A3

d± =

-(2pr - 2d1p - q2 ) ± (2pr - 2d1p - q2 )2 - 4p2 (d12 - 2rd1 + r2 )
2p2

It can be shown that the full simplified form of the above gives a nasty solution of:
Eq.A4
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d± = 
2
2 2
( t1 + t0 )

which simply indicates the strange sense of humour of the late Dr. Ajo when
concluding the chapter containing the geometrical solution with the words:
“Analytically the breaking point between traffic zones can be easily solved to find
d.” (Ajo 1944, 312; translation by me) Also, if we compare this equation with that
of Converse (Eq. 2.32), it is easy to see why it never achieved popularity during the
time of manual calculation.
Yet somewhat more simplified forms may be derived, when t0 = t1 . In this
special case of Ajo’s equation the d is also the breaking point of two regions. Thus
we have the d1 = d+ + d- interrelationship and d’s are reduced to:
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d1 ± tv′ 2d1 - t2 ( v′ )

2

Eq. A5	  d±

=

, where v′ = ln

2
v1
v0

,   -

2d ( v′ ) < t < 2d ( v′ )
-1

-1
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APPENDIX 5
Derivation of Hillier & Hanson’s P-value
In Hillier and Hanson’s book The Social Logic of Space the description of
manoeuvres necessary for converting depth values between different sized systems
is discussed only briefly. As, until recently, the formalization of the necessary D-value
was only available in an unpublished paper (Krüger 1989), this appendix is an
attempt to formalize the P-value as well. Dalton (2005) has reported that the values
given in the table for diamond shape normalization in The Social Logic of Space does
not exactly follow the Krüger formalization, but they are in fact produced by the
equation (Dalton 2005):
Eq. A6	   f(d0,D ) =

((6.644n(0.434294ln(n + 2))) - (5.15n) + 2)
(n -1)(n - 2)

For the sake of completeness, the derivation of the P-value is shown in this
appendix according to the original verbal description of Hillier & Hanson. The
definition of the P-value is done in a direct connection with D-value as follows:
“In effect, what we do is compare the RA value for the ‘root’ (the space at the bottom of a
justified map) of a ‘diamond-shaped’ pattern. This has nothing to do with geometric shape.
It simply means a justified map, in which there are k spaces at mean depth level, k/2 at
one level above and below, and so on until there is one space at the shallowest (the root)
and deepest points. (…) The D-value is the means to arrive at RRA in all cases except when
calculating RRA from X in a settlement. In this case, because we are calculating the depth
from a large number of roots (all the buildings in the system), instead of comparing to a
diamond we compare to the ‘pyramid-shaped’ pattern, or half a diamond.” (Hillier & Hanson
1984, 111-112, 113)

Eq. A7	   S geom

= a1 + a1q1 + a1q2 + a1q3 + ... + a1qn =

a1 (1 - qn+1 )
1-q

In the case of a pyramid value a1 = 1 and q=2. The resulting value Sgeom is equal
to the number of vertices in system Vpyramid , which by definition is the same size as
the referred system V. Since Sn ≡ k it follows that the maximum distance from the
root can be calculated
Eq. A8		

n = log2 (k + 1) -1

and the number of graph leaves at maximum distance is
Eq. A9		

wn =

k +1
2
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It is easy to show that total depth (as defined in Eq. 3.1) for the pyramid shape
system following geometric series can be written as
N

Eq. A10		

dt,pyramid = ∑ n*2n = (n - 1)(2n+1 ) + 2
n=1

By combining Equations A8 and A10 we get the general form for the P-value
Eq. A11		

dt,pyramid = (k + 1)log2 (k + 1) - 2k

Therefore, using definitions of relative depth and integration in Equations 3.4 and
3.5 we get
Eq. A12		

Ipyramid =

2(dt,pyramid -k + 1)
(k -1)(k - 2)

which corresponds to the total depth of reference pyramid in Equation A11 and
leads to

Eq. A13		

Ipyramid =

2 [(k + 1)log2 (k + 1) - 3k + 1]
(k - 1)(k - 2)
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APPENDIX 6
A note on measures in graph and network theories
Networks have long been used as a metaphoric narration for urban development.
In more practical discussions, traffic and transportation planners have successfully
used applications of network theory for controlling and optimizing the flow of
people and vehicles. Networks are in a way manifestations of various urban
phenomena, and in recent years have served a useful general purpose. It has been
found a suitable companion for any social or urban phenomenon – to the point of
annoyance, that is. In this very general use, the term (like any word getting into the
vocabulary of standard non-sense explanations) has reached a level of popularity
that also renders it uninformative. For the term network, the reason for this is clear.
Networks are such flexible tools that nearly any structure can be described by it.
Indeed, all phenomena can be seen to be networked, but as such the term has such
a wide area of application that it is equally explicable as an urban life style or the
Judaeo-Christian tradition as such, and thus the exact meaning ought to be checked
each time. To avoid becoming bogged down in terminology, some of the commonly
encountered terms from the reference literature of the dissertation have been
collected in this brief appendix.

Network theory
At the turn of the new millennium network theory made a sudden breakthrough.
The recent research on networks has changed the way our world is made up, and
it was able to give not only a name but also a rigorous definition and formalized
structure to several network-related phenomena that have been known but not
explained. Our social behaviour and physical structures were found to contain
universal features; evident in such diverse structures as the World Wide Web or the
protein networks of cells. Probably the most significant finding was made by Duncan
Watts and Steven Strogatz in 1998 revealing the ‘small world’, and the simultaneous
work of Albert-László Barabási and his team, who succeeded in revealing properties
of real life networks that differ substantially from the graph theoretical foundation
laid by P. Erdös and A. Rényi at the end of the 1950s. For a long time the theory of
networks was connected to the work of these two, who had published hundreds of
papers on various properties of graphs on ordinary non-surprising features of the
everyday world.
The shift, as described vividly in Barabási (2002), is related to the findings that
did not in any possible way fit in with the world of normally distributed graphs. The
finding of power-law distribution in graphs suddenly placed many unsolved findings
correctly in the universe of the natural sciences. The findings of Watts and Barabási
et al. have most characteristically changed the status of graphs from a separate
branch of mathematics to the study of essentially penetrating dynamics of change,
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transformation, adaptation and fractality. Dorogovtsev and Mendes have noted aptly
how the new understanding of the broad picture helped to delineate the arbitrary
nature of the graph theoretical world with rest of the physics. They recall: “What
Erdös and Rényi called ‘random graphs’ were simple equilibrium graphs. What they
called ‘evolution’ was, actually, their construction procedure for these equilibrium
graphs. Major recent achievements in network science are related to the transition
to the study of the evolving, self-organizing networks with fat-tailed, non-Poisson,
distributions of connections.” (Dorogovtsev & Mendes 2003, 220) The result of
these findings led to the fact that networks can nowadays be fluently understood
as a special case of statistical mechanics and have made it effectively a branch of
physics. A more detailed discussion on these is included in Sections 3.2.1 and 3.3.2
in the present study, but further reading in a popular scientific style can be found
in Barabási (2002) and Watts (2003), or in more rigorous detail in Barabási & Albert
(1999) and Wuchty & Stadler (2003) Dorogovtsev & Mendes (2003).

Graph theory
Network theory can be seen as the study of features, properties and dynamics of
the entities called graphs. Graph theory in turn thus serves as language describing
these various networks. Historically, graph theory is heavily connected with the
branch of mathematics called topology. Due to (or despite) this universal nature,
it has been incorporated into various different usages and found an application in
the natural and social sciences. If the problem with my concept of accessibility was
that the same seemingly simple term can have an unimaginable number of varying
definitions, one could conclude the discussion on graph theory in a completely
opposite way. The same simple phenomena can have an imaginary number of
different names. In the following we are able to collect some major topics introduced
in machine-gun style. A more comprehensive summary of graph theory can be found
at: <http://mathworld.wolfram.com/topics/GraphTheory.html> or
<http://math.tut.fi/~ruohonen/GT_English.pdf> .

Graph components and entities
The basic components of the graph are the vertex, which is essentially a zerodimensional point, and the one-dimensional edge connecting any two vertices.
Synonymous terms for these are node and link. Due to the connection with
Space Syntax theory, the term edge is used for other purposes. These are the
only fundamental elements, but in general discussion several entities are used to
represent the actual graph components. In the present study at least the following
have been used: axial line, route, segment, episode, line or connection in reference
to same ontological entity of edge/link.
Graphs are essentially a regular or irregular combination of these entities and
thus understandable as configurations. By combining elements, upper-level entities
with specific names are formed. The most simple is the linear combination of links
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and nodes, and is called a path, chain or walk.330 The shortest path between any
two nodes in the graph is commonly referred to by the term geodesic. A closed
path (i.e. the path whose ends are connected together) is called circuit or graph
cycle, so the term closed walk means essentially the same. A graph with no circuits
is called a tree, and the tree that contains all nodes and links of the graph is called a
spanning tree. The graph with circuits is called a semi-lattice, unless the number of
links per node is constant, when these regular constructs are called lattices. Finally,
only certain parts of the graph can be taken under scrutiny, and therefore the name
subgraph (or respectively subtree, sublattice etc.) is used for these. In the present
study, the terms neighbourhood and radii are used for a subgraph defined by the
distance of the constructing node. An alternative term for this in the literature is
disk. A collection of all the links and nodes within a neighbourhood is called a clique.
Once we are familiar with the basic terminology, the major divisions between
different types of graphs are made on the basis of connectivity, directionality and
geometric representativeness. A graph where all nodes and links are connected to
each other is called a connected graph, if not a disconnected graph. This leads to
new terms, such as forest which is a collection of trees in a disconnected graph.
Also, graph links may be defined on the basis of direction, indicating whether the
connection from one node to another along the link is symmetric; i.e. it is possible
to traverse equally from A to B as it is from B to A. A graph with any asymmetric links
is called a directed graph, otherwise undirected. Again, new terms can be found in
a directed graph where, for example, the term leaf refers to the end node (with no
access back) of a tree. Moreover, if the nodes or links in a quantitative sense are
not similar, i.e. some values are assigned to them, the graph is called weighted. If
the graph only operates on the basic level of connections it is called an unweighted
graph, which can conveniently be called topological since it is based on connectivity
and stripped-of metric information. Therefore, moving toward geometrical realism,
features such as the measured distance of links are added, and we can see it as a
most natural form of weighted graph. Naturally a weight can be any feature that can
be associated with a graph, node or link. Finally, if the graph entities only intersect at
a node, i.e. it contains no crossing links also called bridges (or handles), the graph is
called a planar graph. The graph with bridges is, in turn, a non-planar graph since it
cannot be drawn on the surface of a plane or sphere. The graphs in my analyses are
thus connected, undirected and unweighted graphs. In the case of Greater Helsinki,
Tampere, Zürich and London, they are also non-planar (even though it could be
argued that in the case of a sparsely built neighbourhood the planar graph would
suit better as a measure of future potential).
So now, when the major terminology has been absorbed, the following citation
from Ruohonen sounds obvious:
“A forest is a circuitless graph. A tree is a connected forest. A subforest is a subgraph of
a forest. A connected subgraph of a tree is a subtree. Generally speaking, a subforest
(respectively subtree) of a graph is its subgraph, which is also a forest (respectively tree).”
(Ruohonen 2008, 20)
330
Sometimes the term walk is used if the graph vertices, as well as the graph edges along the path, are
enumerated.
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Graph measures and indices
All these above components and their combinations may be called entities.
Measures and indices form the way for quantifying them. Usually they can be
applied to nodes, links or both equally well. This is the point where the wild terrain
starts, and I have not yet come across a study sufficiently documenting or even
collecting these measures – although any broad introduction, such as Thulasiraman
& Swamy (1992), will provide a good lead. This is also the field where the variation
in terminology is even more non-uniform than in the entitation section. Many
of the naming conventions are due to the use of these measures in separate
disciplines where everybody has taken the liberty to call a measure as they have
most conveniently been able to combine the results from graph abstraction to the
topic of their own study. This is best understood from the body of the present study,
where the betweenness/choice and closeness/depth/status discussion adds its own
complexity to the text.
In relation to this discussion on measures, it is important to realise that all
node/link level measures can be combined with graph measures using common
aggregative functions such as minimum, maximum and average values. Likewise,
based on the relational measuring principle that I have adopted for this dissertation,
measures of large collectives and neighbourhoods can be assigned to the node/link
level. The aggregating process in measuring is called globalizing, while the opposite
is the localizing process. The variation is even more extended when measures are
relativised using a reference entity, as is the case in a Space Syntax integration value
or the information centrality of Porta et al. where the graph measure is compared to
other hypothetical stages of the graph.331 In the following list only some commonly
used indices are given in order to keep the heavily branching topic to a reasonable
length.
The most primitive measure is the measure of degree, which describes the
number of immediate neighbours for each node/link. In the case of a directed graph,
the concepts of in-degree and out-degree can be further defined (so the definition
of leaf, for example, is a node with out-degree zero). Some basic connectivity
information may be described by a so-called beta index, which compares the
number of links with the number of nodes in a network. An example of a graph level
index is the genus of a graph, which is the minimal integer n such that the graph can
be drawn without crossing itself on a sphere with n bridges. Thus, a planar graph has
genus 0, because it can be drawn on a plane without self-crossing.
There are also a lot of measures describing the size and extent of a graph. The
graph diameter is the length of the ‘longest shortest path’ (i.e., the longest graph
geodesic) between any two graph nodes/links of a graph. In other words, a graph’s
diameter is the largest number of nodes/links which must be traversed in order to
travel from one vertex to another when paths which backtrack, detour, or loop are
331
Additional similar measures can be found, such as the so-called alpha index, which compares the
number of actual circuits with the maximum number of all possible circuits, or the so-called gamma index, which
compares the actual number of links with the maximum possible one.

Appendix 6

excluded from consideration. In topological networks, the so-called könig number
(or koenig number or associated number), measures the centrality of a node by the
number of links needed to connect this node to the most distant node in the network.
A more general term is the eccentricity of a graph node, which is defined as the
maximum graph distance between any two nodes/links; for a disconnected graph,
all nodes/links are defined to have infinite eccentricity. The maximum eccentricity is
the graph diameter and the minimum graph eccentricity is called the graph radius.
A derivation of this is the periphery of a graph, which is the subgraph (connected or
disconnected) of vertices or edges that have graph eccentricities equal to the graph
diameter. This property is commonly called edge in Space Syntax and adopted from
there in the present dissertation. Some additional basic statistics may be found from
the co-called shimbel index, which is a measure of the minimum number of links
necessary to connect one node with all nodes in the network
The analysis of circuits is also an art of its own. Structures like Alexander’s semilattice can be evaluated, for example, by using a cyclomatic number, also known
as the circuit rank, which is the smallest number of graph edges y which must be
removed from a graph of E graph edges and V nodes such that no graph cycle
remains. Thus we can write an equation {y = E - V + 1} to calculate it. Since not
only the number of circles matters, the size and potential overlapping also count.
An example of these is the girth, that is, the length of the shortest graph cycle in a
graph.332 More advanced derived circuit measures are, for example, the chordless
cycle of a graph, which is defined as a graph cycle of at least four in length. This is an
example of a seldom used measure that has created its own typological definition in
the form of a chordal graph. A chordal graph is a simple graph or subgraph that has
no cycle chords, i.e. possessing no chordless cycles. A chordless cycle is sometimes
also called a graph hole. These new entities, again, can be a subject of quantifying,
modification and comparison, so it is easy to see how the process could continue ad
infinitum.

Non-conclusive remarks
In the field of architecture and urban design the concept of network is rooted as
a rough skeleton of structure through the work of Christopher Alexander. Network
representations have been found as especially useful applications, since, unlike
many other formal approaches, they allow a flexible description and the extraction
of the desired features of physical reality. In this field the differences in the use of
the term network are extremely broad. At one end there is, for example, Alexander’s
very formal start to his dissertation “Notes on the synthesis of form” and his
seminal text “City is not a tree”, that are based on extremely strict mathematical
postulations. At the other end of the repertoire is Gilles Deleuze’s interpretation
of networks as an abstract machine, which is an example of a most extreme
metaphoric-philosophical use of the term. Moreover, Deleuze, together with his coauthor Felix Guattari, has started an entire network related discussion on rhizomes
that effectively question hierarchical principles on all levels. A very practical example
332

Acyclic graphs are considered to have infinite girth.
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of the term can be found in the work of Franz Oswald and Peter Baccini at ETH Zurich
called Netzstadt which effectively merged short frequency metabolic processes into
slowly changing morphological features, networking these across the scale from
territories to households. The concept of network is also sometimes said to apply
to the Zwischenstadt concept of Thomas Sieverts, where it is brought into the level
of application,333 even though the only common feature between these two recent
contributions seems to be the attempt to find an alternative to the strict hierarchy
principle found in the German planning tradition.

333

The actual differences of these approaches are discussed in more detail in Pakarinen (2007).

Appendix 7

APPENDIX 7
A note on the structure of Helsinki
A history of the city
Helsinki was founded in 1550 by King Gustavus Vasa. The growth remained
slow for a quarter of a millennium. The first period of growth was during the
period of industrialization in the 19th century. In 1900 the population of the city of
Helsinki was some 80,000 inhabitants, some 20 times more than a hundred years
earlier. At the turn of the century the first symptoms of the explosive growth and
metropolitanization of Helsinki were still ahead. This was realized (in both senses)
by the architect Eliel Saarinen in his astonishing ‘Pro Helsingfors’ plan for the
greater Helsinki area in 1918. The Saarinen ‘cure’ can be summarized in two parts:
the decentralization and extension of the central business district (CBD). These
principles were finally realized (more or less) during the 1950s and 1970s. The major
difficulties for rational land-use development has been with the formation of the
existing municipal districts and their, in Lefebvrian terms, spatial practices. For more
details on growth and morphological structure see: Aario (1952), Siirilä (1964, 1971)
Sundman (1982), Schulman (1990), Wartiainen (1996) and Joutsiniemi (2006).
[Figure 97] Municipal division of Greater Helsinki after Sipoo annexation in 2009.
The core of the metropolitan area is shown darker.

The map above (Figure 97) shows the existing municipal division in the Helsinki
metropolitan area, where the City of Helsinki includes the eastern suburbs as well as
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the first suburban ring in the north. The City of Espoo and the tiny City of Kauniainen
compose the western suburbs. The northern suburbs of the metropolitan area
are formed by the City of Vantaa, the remains of the former rural municipality of
Helsinki.334 The peninsular location of the core (the city of Helsinki before the great
annexation in 1946) is shown darker. It is also worth pointing out two separate
incidents that date back to the period immediately after World War II, and which
are necessary for understanding the present land-use situation of the metropolis.
The first is the relocation of the University of Technology in Otaniemi in Espoo, and
the other is the construction of Helsinki-Vantaa airport in Vantaa, both of which
by the end of millennium became dynamos of internal differentiation in their own
neighbourhoods.
In the text I use the names Helsinki, Espoo, Vantaa and Kauniainen to refer to the
municipal areas shown in this map. The term Greater Helsinki is used to refer to the
combination of these geographically ill-formed administrative areas. Metropolitan
area is used as the physical realization of the former. For the far greater working area
I shall use the terms Helsinki region and agglomeration for its physical realization.

Different municipalities, different strategies
The first suburban ring, approximately 5 km from the centre, was formed
as villa communities during the first decades of the 20th century. The major
breakpoint in city formation was when most of these ‘sub-urban’ neighbourhoods
were incorporated into Helsinki by the year 1946, enabling far larger land-use
redevelopment plans. The building of the garden suburb of Tapiola was the start
of a major decentralization process that caused population growth in all radial
sectors of the metropolis, notwithstanding any administrative borders. This led to
an unpleasant situation for communities with neither the resources nor the proper
official administrative status of a city to fulfil the needs of a growing population. As
a consequence, the metropolitan area was divided into four municipalities, which
received the administrative status of ‘city’ at the beginning of the 1970s. At the time,
the tax revenues were very much concentrated on Helsinki, leaving only a pittance
to the newborn suburban towns.
The four municipalities follow remarkably different strategies in the planning
of their economic and commercial structures, each trying to benefit from its own
strengths. The strategy of Helsinki is to keep its still forming CBD viable. After a
great net loss of population from the core to the suburban sector in the 1960s and
1970s, centrally-located residential areas have become the trademark of Helsinki
city planning. This has been done at the expense of pushing activities less valuable to
city life outwards and concentrating strong public transport on the centre. The major
ongoing change is the relocation of most of the harbour facilities to the eastern end
of the circular road 3 (Ring III). The division of the outward movement has been
somewhat uneven. Vantaa collected warehouse and manufacturing facilities that
benefit from the airport and Ring III logistic power, while Espoo attracted residents to
334
‘Helsingin maalaiskunta’ – an independent lower level administrative unit located north from the
urbanized core of the city of Helsinki.
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Figure 98] Treemap showing the workplace structure of the suburbs of greater Helsinki. The horizontal divide in the main image represents the division between inner and outer
fringes. The vertical divide is based on the main highway sectors, radially from west (left), through north (centre), to the east (right). The size of each rectangle represents the
number of employers and the colour the type of manufacturing or service provided.

its small housing areas in its coastal location and hi-tech and information technology
(IT) companies benefiting from the good connection to the University of Technology.
Kauniainen, surrounded entirely by Espoo (in spite of being an upmarket residential
area with a low tax rate), is a kind of relic of a villa community comparable to what
, for example, San Marino is to the historical medieval city state institution. As such,
in the main body of this text, for the sake of clarity, I shall include this little pearl in
the strategies and geography of Espoo.

[
The tree map graph (Figure 98) of the division and profile of companies in the
suburban region clearly shows the result of the triad of strategies. The tree map
is a space filling visualization method for displaying properties of hierarchical
information (see Chen 1999, 66). For this geographical application the hierarchical
data is based on statistical area divisions of the greater Helsinki area forming a tree
structure, where each area of higher-level hierarchy contains entirely all lower-level
areas. The final grouping is done by sectors of manufacturing and services along the
main radial roads and their intermediate zones. The aim of the visualizing method
is to reveal the quantitative and location-based properties without emotional and
biased strain.
The picture shows that companies in the suburban ring tend to concentrate on
road sectors instead of intermediate zones (dominated by residential areas). The
lower part of the horizontal division marks the inner suburban fringe. A remarkable
feature is the evident absence of companies in the middle part of the fringe, if we
compare it with either coastal sector. This extreme example of unilateral structure
is an even more annoying result of administrative bias, given that the geographic
location of a neighbourhood used to be the administrative centre (Malmi) of the
rural municipality of Helsinki before the annexation in 1946. Also, even though the

biggest shopping mall in the Nordic countries (Itäkeskus) is located in the eastern
sector, its size is half that of the western geographical counterpart in Espoo. The
former examples can be seen as planned realizations of an ideal Fordist massproduction society based on mass-movement between the CBD and its subtopia. A
closer look reveals the rough clustering of IT companies from the western sector in
Espoo and the western part of Helsinki as discussed earlier. Also the logistical cluster
around the ‘airport city’ in Vantaa can also easily be located from the tree map.

Final remarks
For the last 100 years the characteristic feature in the growth of Helsinki has been
the struggle against its peninsular location and the administrative borders of the
historical town. During the 20th century a series of annexations of administrative
divisions was executed (in both senses) when several independent townships and
parts of neighbouring rural municipalities were fused with Helsinki. The last such
annexation dates from 2009 and the one before that in 1966 when the extreme
eastern part of the city of Helsinki was formed by first splitting the rural municipality
of Helsinki. In the most recent case, the municipality ‘donating’ its land for the
growth of capital city was Sipoo.335 At the time of the major annexations, especially
after World War II, independence at municipal level seemed a minor issue, but
half a century later this vague, asymmetric situation between core, periphery
and administrative ‘ex officio’ rearrangements to keep Helsinki dominant caused
unexpected tension in various planning processes.
The most recent annexation shows the irrationality of this attempt. It is easy
to see from the map that the extension is located so far eastward that it has only
insignificant importance in the entire development of the metropolitan area. The
annexation may thus seem more an act of power than a planning solution of any
kind. From the planning point of view, this is very untoward, since the problems of
the urban structure are well known to all actors in the planning field. This problem
of targeting planning was at last recognized in the EEA/JRC (2006) report that listed
Greater Helsinki as a warning example of uncontrolled sprawl. Unfortunately, the
fragmented administration and decision-making are already spread to such an
extent that annexations have become inefficient and a more advanced solution
ought to be sought.
335

For a minor part the City of Vantaa as well.

[Figure 99] Index figures to explain the true geographical
correspondences in the above figure.
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Comparison between road centre-line and axial line
data

[Figure 100] Comparison of centrality in a generic accessibility map (left column) and axial map (right column) in
downtown Helsinki. The shallowest top 15% of the lines is shown darker. (Source: Joutsiniemi 2005b)

[Figure 101] Comparison of centrality in a generic accessibility map (left column) and axial map (right column) in suburban Helsinki area.
The shallowest top 15% of the lines is shown darker. (Source: Source: Joutsiniemi 2005b)
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Description of analyses data
The main analysis data is divided into two embedded analysis areas. The division
is based on the municipal division in the original dataset by Genimap, Finland.336
The smaller core area consists of four municipalities (Helsinki, Espoo, Vantaa,
Kauniainen) and the larger surveillance area or these four and also seven surrounding
municipalities (Kirkkonummi, Vihti, Nurmijärvi, Tuusula, Kerava, Järvenpää, Sipoo).
The larger area represents overall a road network of some 9,700 km divided into
52,056 segments and the core area of 3,870 km in 25,736 segments. The diameter
of the smaller area is 186 links and the average mean depth (radius-radius) 62.33,
while the corresponding statistics for the larger area are 259 and 88.81. An image of
study area is included below (Figure 102).
[Figure 102] Two nested study areas

336
When I started this research this was the only available choice and was purchased by the Municipality
of Espoo for research purposes. Currently there is also the DigiRoad database by the Finnish National Road
Administration available at a more reasonable price. Since much of the scripting and data validation work was
already done for the Genimap data, there were not enough reasonable benefits from the point of view of the
present study to rewrite everything for the new data source.

294 | 295
Road types as typo-morphological sets
A more detailed description of the division into road types is given in two tables
containing the five-number statistics and moments of distribution in the last page
of this Appendix. Table A9.1 contains the summary for the smaller observation area
shown in red in Figure 102 and Table A9.2 for the larger area shown in black in the
same figure. Boxplots of the same data are included in Section 3.2.3. Even though
there is a variety of lengths in every road class, it seems to have very little effect on the
overall analysis, as can be seen from Figure 58 containing the comparison of episodic
binary step and the time-based analyses. A closer look at the summary tables shows
that the kurtosis values for most road types are heavily peaked, inspiring confidence
in the average value used. All road types share features of positive skewness, thus
suggesting that the data around shorter link lengths in each class are more uniform.
The number of outliers in the dataset is minimal, containing 31 over 2.5 km long
segments and 65 in segments under 5 metres long. In general, splitting longer data
into smaller segments and combining shorter ones would naturally make for better
accuracy in comparison to time-based estimation if the analyst is not willing to adapt
the true metric routing. On the other hand, for the needs of the present study the
ratio between outliers and the rest of the data is so small and practically insignificant
for the analyses result that all the analyses are carried out using it unmodified.
A more detailed description of road types in the following figures includes a
sample of every road type containing more than 200 segments. The rough division
of road class numbers is as follows: main arteries with values between 901 and 909,
rural or outside the built-up core area the road types 920, 930, 940, 945 and in builtup areas the road types with values 960-969. The rural road linkages are in general
slightly longer than could be assumed from the speed limits. On the other hand, the
only significant outlier is the class 940, which often includes the last branches of a
rural road system connecting the household locations to the main network. In the
built-up area, the main outliers are within the arteries in the urban neighbourhood,
where the intersections (909) tend to be longer than expected, while in the sections
between intersections it is other way around. The relative position of each type to
network configuration is best observed from the images included.
To conclude this inspection of the data structure, the biggest potential sources of
errors are located in areas that previously showed merely scattered small houses,
but are nowadays more and more connected to the trends of metropolitan housing
development. The old roads dating from the rural period of the current fringe region
are affected most, since the increasing density of new residential units necessitates
lowering the speed limit to keep up with safety regulations, but the road structure
remains traditional for much longer and differs logically from the rest of the network.
Small errors may also be found in ring road sections having higher speed limits
than their logical structure in the analyses would lead one to expect. Therefore, in
these areas the links between intersections are too short for the expected speed,
but this is compensated by intersection linkages that in turn are too long. This is a
minor problem, however, since the roads containing more intersections generally
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[Figure 103] Typology of street and road network
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[Figure 103] Typology of street and road network

also have lower speed limits, so the error is caused more by the classification of
heterogeneous road links within one and the same class than the analysis method
itself. The comparison with the results of aggregate relative measures with the
speed limit base is also tentative, because it was recently shown that, in fact, that
up to 52% of summed up driven kilometres in Finland’s national road network are
travelled exceeding the speed limits.

Methodological delimitations
The most severe methodological delimitations are the potential problems with
poorly selected study area that may lead to severely biased analyses. This topic is
discussed under title “edge effect” in Section 3.1.2. Other frequently encountered
problems, especially in Space Syntax, include how to deal with flyovers and
roundabouts. Adapting a perspective common in traffic planning, this does not
affect the episodic division of true time-based analyses and the issue is trivial. On
the other hand, if referring to depth analysis as an analysis of potential allocation,
then a planar graph could be equally useful, since the additional connection from
the bridge is an easily justified and rather inexpensive solution to change the
accessibility pattern of a specific area. In general there is not a single solution to this,
and it is a modelling decision to be made by the analyst. Finally, the data quality is as
important as in any GIS analysis. The visuals on page 254 tell their own story about
the discontinuity and fragmentation encountered after the sequential coordinate
transformation process for data tiles in the Greater London area. Luckily, this time
the error was not difficult to detect, but inconsistencies in irregularly split data are
slightly more challenging, especially if related to single linkages only.

COUNT
0
3250
182
225
12739
301
2193
2105
1165
568
390
516
1180
217
413
22
238

MEAN
0
110.44
136.58
142.38
124.11
145.70
139.87
151.83
170.60
233.11
236.97
261.31
278.60
295.04
357.47
393.49
366.87

MIN
0
1.97
6.79
9.90
0.12
15.33
1.21
3.18
3.06
1.86
3.06
5.68
4.13
6.72
4.50
36.84
4.24

TYPE
935
966
968
967
965
969
963
964
961
909
902
930
945
920
940
910
901

MEAN
365.71
106.28
147.61
127.15
120.14
140.63
131.53
136.76
156.00
210.99
271.95
256.59
276.98
286.29
317.30
416.98
564.17

MIN
8.21
2.00
6.35
6.98
2.05
2.12
2.08
3.18
1.08
2.46
11.44
2.51
3.12
3.02
4.50
4.56
12.28

MAX
1965.47
735.72
1813.86
1222.46
1030.08
1533.73
1057.64
1142.32
1286.70
769.07
2099.61
2234.36
4686.31
1716.51
2721.74
2705.51
4923.52

MAX
0
970.41
1302.92
2387.08
1142.32
1207.75
1057.64
1480.89
1286.70
1166.43
2134.58
1829.64
2007.30
1788.63
2639.69
1426.03
2979.78

QUARTILE 1
110.09
58.61
63.32
59.95
64.62
71.63
62.38
66.90
66.67
114.31
90.87
93.59
108.54
93.38
117.83
117.56
186.69

QUARTILE 1
0
60.35
69.76
63.21
64.87
68.98
66.13
74.51
74.22
123.49
71.43
90.54
114.68
87.03
122.66
49.01
92.18

MEDIAN
255.41
86.06
98.09
94.16
99.59
107.45
104.50
106.86
118.32
192.85
165.30
182.31
187.75
212.92
233.36
285.05
341.17

MEDIAN
0
89.34
105.53
96.10
101.51
104.86
108.93
115.17
128.95
211.42
133.18
176.69
197.89
206.09
262.72
140.53
191.28

[Table 8] Five-number summary and moments of distribution by road type

COUNT
230
4385
367
439
17773
932
2946
3890
1455
741
771
3450
10403
846
2565
267
569

Larger study area of 52,056 road segments

TYPE
935
966
968
967
965
969
963
964
961
909
902
930
945
920
940
910
901

Smaller study area of 25,736 road segments

QUARTILE 3
473.55
128.02
143.80
151.10
152.52
166.29
166.80
171.11
200.23
284.31
332.87
338.84
343.58
396.88
413.77
568.58
623.93

QUARTILE 3
0
136.35
146.05
149.81
156.95
165.81
176.05
187.46
221.63
310.03
266.25
334.68
340.97
415.00
441.62
413.04
400.68

STDDEV
357.35
77.20
191.51
119.92
84.42
134.89
106.67
110.15
136.45
129.32
295.63
241.12
281.26
264.49
298.87
421.06
669.62

STDDEV
0
81.41
137.31
192.40
90.70
146.58
115.13
128.98
143.99
151.40
286.29
254.92
262.36
289.12
363.82
465.42
488.44

VARIANCE
127697.22
5960.05
36674.97
14381.55
7127.42
18195.82
11378.08
12133.91
18618.78
16723.40
87399.31
58137.65
79105.28
69953.41
89321.02
177292.54
448385.09

VARIANCE
0
6627.12
18854.91
37016.76
8226.90
21484.93
13253.88
16636.43
20733.37
22923.04
81964.01
64983.84
68834.86
83587.88
132362.14
216613.32
238573.65

SKEWNESS
1.76
2.56
4.86
3.80
1.98
4.81
2.31
2.30
2.33
0.82
2.34
2.11
3.57
1.76
2.39
2.00
2.89

SKEWNESS
0
2.77
4.88
7.67
2.11
3.93
2.45
2.74
2.17
1.35
2.82
2.24
2.62
1.94
2.65
1.36
2.65

KURTOSIS
3.24
10.17
31.11
23.03
6.57
35.09
8.88
8.45
8.75
0.79
6.59
6.50
25.23
3.93
9.34
5.58
10.58

KURTOSIS
0
13.42
34.21
83.27
7.77
21.09
9.65
13.20
7.41
3.48
10.30
6.89
9.33
5.16
9.58
0.43
7.45
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APPENDIX 10
Five toy world model runs
Series 1: Mean depth values
(Number of segments: 5100; diameter: 102; characteristic path length: 33.62)
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Series 2: Integration values
(Number of segments: 5100; diameter: 102; characteristic path length: 33.62)
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Series 3:
Integration values with saturation of central nodes
(Number of segments: 5100; diameter: 102; characteristic path length: 33.62)



306 | 307

Series 4: Mean depth values in eroded tree configuration
(Number of segments: 3704; diameter: 255; characteristic path length: 81.46)
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Series 5: Mean depth values in more eroded tree configuration
(Number of segments: 3127; diameter: 255; characteristic path length: 86.41)
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One dot equals 10 workplaces.
[Figure 74] Locational fingerprints of industry on the basis of technology level. The left-hand
column presents the CBD-located activities and the right-hand column industry located
on the suburban fringe. The number next to the graph indicates the group of industrial
activities as follows: (1) High technology industry, (2) Upper middle technology level
industry, (3) Lower middle technology level industry, (4) Low technology industry.
[Figure 75] Mean depth mapping for London (121,920 segments, diameter 205, radius-radius
93.48).
[Figure 76] Mean depth mapping for Tampere (21,344 segments, diameter 165, radius-radius
58.30).
[Figure 77] Mean depth mapping for Zürich (64,894 segments, diameter 345, radius-radius
119.34).
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[Figure 78] Mean depth mapping for Vaasa (17,459 segments, diameter 230, radius-radius
72.45).
[Figure 79] Mean depth mapping for Milan (15,794 segments, diameter 138, radius-radius
49.34).
[Figure 80] Mean depth mapping for São Paolo (177,118 segments, diameter 415, radiusradius 119.10)The images on these pages show extremely well the edge effect caused by
the arbitrary graph edge. On the following page embedded data is shown and the major
distortions avoided.
[Figure 81] Mean depth mapping for São Paolo (177,118 segments, diameter 415, radiusradius 119.10).
[Figures 82 & 83] Angular choice on a metric radius of about 50% (above) and about 8%
(below) system diameter. See Conclusion for details (Source: Alan Penn, UCL).
[Figure 84] Periurbanization in Europe (Source: Caruso 2005).
[Figure 85] The net change in traffic flows on Ring Road II connections in brief. (Source: City
of Espoo).
[Figure 86] Mean depth mapping for the year 1987. Radius 40 above, Radius 80 below. For a
detailed explanation see text.
[Figure 87] Mean depth mapping for the year 2002. Radius 40 above, Radius 80 below.
[Figure 88] Mean depth mapping for the year 2017. Radius 40 above, Radius 80 below.
[Figure 89] Neighbourhood unit plan and the plan of decentralized town (Source: Kivinen
1959, pp. 19-20).
[Figure 90] Neighbourhood unit by Clarence Perry (1929) and the plan of residential district
by Clarence Stein (1942).
[Figure 91] Greenshield’s classic model of traffic capacity from 1935, and a slightly earlier
interpretation of the same phenomenon by Le Corbusier (Sources: Kühne 2008, 4, and Le
Corbusier, 1929/1987, 122, modified).
[Figure 92] Probability density and cumulative density functions of normal distribution
(Source: Wikipedia).
[Figure 93] Probability density and cumulative density functions of sample power-law
distribution. (Source: Wikipedia).
[Figure 94] Probability density and cumulative density functions of log-normal distribution.
(Source: Wikipedia).
[Figure 95] Probability density and cumulative density functions of logistic distribution.
(Source: Wikipedia).
[Figure 96] Schematic illustration of the convergence process of pdfs. The black circle
represents the Gaussian attractor and the black squares the Lévy stable non-Gaussian
attractors. (After Mantegna & Stanley 2000).
[Figure 97] Municipal division of Greater Helsinki after Sipoo annexation in 2009. The core of
the metropolitan area is shown darker.
Figure 98] Treemap showing the workplace structure of the suburbs of greater Helsinki.
The horizontal divide in the main image represents the division between inner and outer
fringes. The vertical divide is based on the main highway sectors, radially from west (left),
through north (centre), to the east (right). The size of each rectangle represents the number
of employers and the colour the type of manufacturing or service provided.
[Figure 99] Index figures to explain the true geographical correspondences in the above
figure.
[Figure 100] Comparison of centrality in a generic accessibility map (left column) and axial
map (right column) in downtown Helsinki. The shallowest top 15% of the lines is shown
darker (Source: Joutsiniemi 2005b).
[Figure 101] Comparison of centrality in a generic accessibility map (left column) and axial
map (right column) in suburban Helsinki area. The shallowest top 15% of the lines is shown
darker (Source: Source: Joutsiniemi 2005b).
[Figure 102] Two nested study areas.
[Figure 103] Typology of street and road network.



List of tables
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last column also shows a roughly corresponding scale factor that fits the scale range from 6
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Becoming Metapolis develops the argument that the modern city
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