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FOREWORD

Meta Berghauser Pont and Per Haupt
December 2020

This book is the result of the cooperation between two architects and re-
searchers with very different geographical origins; Meta Berghauser Pont,
who was born in Cameroun and grew up in the east of the Netherlands, and
Per Haupt, who gradually moved from rural Sweden to more populated areas
in the south. After one decade of living and working in the busy Dutch Rand-
stad and one decade in rural Sweden, we have experienced the pros and cons
of physical concentration and desolation both personally and professionally.

The Netherlands, with almost 500 inhabitants per km?, has one of
the highest overall population densities in the world, while Sweden has slightly
more than 20 inhabitants per km? and represents a country with one of the
lowest overall densities.' The capital cities Amsterdam and Stockholm, how-
ever, have about the same population density, between 4,000 and 4,500
inhabitants per km?2 It is worth noting, though, that Stockholm offers its
inhabitants three times more urban green open space per city dweller, which
means that the density of the built-up areas in general is slightly higher there.

In our practice as architects and urbanists, we have been studying
the potential of urban density as a tool for urban planning and design ever
since 2000, when we executed a commission for Bureau Parkstad in Amster-
dam, which resulted in the first edition of Spacematrix in 2010. Our fasci-
nation with density is not primarily normative. We do not claim to know
which density is the best, but are driven by the wish to understand the rela-
tional logic between density and different spatial and non-spatial properties.
In our opinion this is a prerequisite to understand and successfully predict
the effects of specific design and planning proposals. Thus, we are inter-
ested in demystifying the image of the city by critically examining the pos-
sibility of partially redefining the city through numbers.

The aim is not to turn architects and urban designers into techno-
cratic number fetishists, or to provide developers and bureaucrats with short-
cuts to making the role of the designer irrelevant. Quite the opposite is true.
Equipped with structural understanding of the nature of urban density, the
skills of architects and urbanists needed in their daily trade-offs between
quantitative requirements, physical constraints and qualitative preferences
will be expanded. And it should also empower us as professionals in our co-
operation and confrontation with, among others, economists, ecologists,
engineers and politicians.
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UN, National Statistical
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Continuing population growth and urbanization are projected to more than
double the global per capita urban land from 100 m? in 2000 to 246 m? in
2100.> With land being a scarce resource and low densities contributing to
climate change, especially as a result of increased private mobility, it is not
surprising that density is high on the agenda. UN Habitat recommends high
densities as one the five strategies for sustainable urban development, but
what this means in terms of urban form and building type remains unclear.
Some claim that high-rise buildings will solve the density problem,’ others
that ‘with smart low-rise solutions there is plenty of space’.* We are convinced
that understanding the inherent spatial logic of density and its performance
is needed to think beyond architectural solutions and start talking perfor-
mance. This book contributes to this by providing a more fundamental and
factual discussion concerning space consumption, density and urban form.
We would like to especially highlight the additions made in Chapter 5 of this
revised edition, where we present results of a review of more than 300 sci-
entific papers on density and its effects on, for instance, health, biodiversity
and economics. This has resulted in a solid knowledge base that provides
information on the advantages and disadvantages of densification, and also
highlights where gaps in knowledge still exist and more research is needed.

This book is based on research done at the Department of Urbanism
of Delft University of Technology from 2003 until 2010 and since then at
the Department of Architecture and Civil Engineering at Chalmers in Gothen-
burg as well as the Department of Physical Planning ac BTH (Blekinge Insti-
tute of Technology) in Karlskrona, Sweden.

We would like to thank Han Meyer and John Westrik for their con-
viction of the importance of the subject and their unshaken faith in our
abilities to explore it. Special thanks are due to Erik van der Kooij who has
been a true believer in Spacemate since 2000 and has given us the oppor-
tunity to test the results in different projects in Amsterdam. Further, the
developments during the last ten years wouldn’t have been possible without
the support of Lars Marcus. We would also like to thank Hakan Ericsson,
Hanneke Rolden and Eric Dorsman who have helped us with parts of the
tieldwork and for the recent additions using advanced spatial analysis, we
thank especially Ioanna Stavroulaki. In Delft we had the opportunity to work
with Rudy Uytenhaak, Truus de Bruin-Hordijk and Marjolein van Esch dur-
ing our investigation of daylight performance in relation to density. In Goth-
enburg, we worked together with Jens Forssén and Marie Haeger-Eugensson
on noise and air pollution in relation to density. And lastly, Per Berg, Victoria
Alstide and Axel Heyman worked with us on the reviews that are the base
for the additions in Chapter 5.

We would also like to thank everybody who made the publication of
this revised edition of the book possible; Marcel Witvoet (publisher); D’Laine
Camp (editor), Studio Joost Grootens (book design), the Department of
Architecture and Civil Engineering, Chalmers University of Technology and
the Swedish Research Council Formas.
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THE CONCEPT OF DENSITY

How humans have come to use space over time —in some cases judged as
too intensely, in others as not intensely enough — and the problems con-
nected to this, have resulted in discussions concerning the application of
the concept of density in urbanism.' The use of the concept has varied greatly
through modern planning and design. At the beginning of the twentieth
century, Raymond Unwin claimed that nothing was to be gained from over-
crowding in cities; he proposed a standard density of 12 houses per net acre
maximum, or 30 houses per hectare.” Fifty years later, Jane Jacobs warned
that American slums were not only an issue faced in the inner cities, but also
in the low-density, dull areas on the fringes. She suggested that a minimum
of 100 dwellings per net acre (250 dwellings per hectare) was a necessary
condition for a vital and participatory city life.” Today high densities and
the compact city are often seen as prerequisites for sustainable urbanization

. 4
and economic growth.

The concept of density in urbanism is frequently used to describe
the relationship between a given area and the number of certain entities in
that area. These entities might be people, dwellings, services, or floor space.
However, the simple fact that density is used in, for instance, design re-
quirements, plan descriptions and communication between parties, does
not mean that it is used correctly or to its full potential. In the following
chapters, we describe the origins and the contents of existing density con-
cepts, the way these concepts have been used to guide the use of space, and
their limitations in doing so. We also present an alternative, multivariable
approach, and the results it has achieved. Before doing so, this chapter de-
fines the main research questions and the structure of the book.

It is important to make a distinction between urban density used to
describe a built environment (descriptive use); and urban density used as a
norm in the process of planning and designing the city (prescriptive, or nor-
mative, use). Prior to the twentieth century, density in cities was merely a
result of the complex process of city development. Building techniques, legal
constraints, traditions, the requirements for economic profitability, etcetera
determined the possible resulting densities. However, no conscious use was
made of density. As a matter of fact, density as a concept in urban analysis
and planning probably did not exist until the second half of the nineteenth

Introduction

1
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development in
Q Hong Kong, China.

Low-rise development in
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century. During this period, high densities in industrializing cities were ar-
gued to be one of the major causes of fires, disease and social disorder. Mainly
through critical publications in England and Germany, the awareness of the
problem grew among legislators and urban planners. As a result, planning
controls were developed that prescribed maximum allowable densities.” The
legislative developments were paralleled by the introduction of a scientific
approach to the large city expansions that took place during the economic
and demographic boom of the second half of the nineteenth century. In
works by Reinhard Baumeister and Joseph Stiibben in Germany, density
played a role in the discussions of the preferred urban form. At first, the
regulation of density was more indirect through prescribed maximum build-
ing heights and minimal street widths. Later, mainly through building ordi-
nances, maximum densities were explicitly used to regulate the urban plan.’

If the ‘regularism’ of the second half of the nineteenth century was
a means to facilitate the expansions of the industrializing cities by shaving
off its most gruesome edges, the later Garden City Movement suggested
a totally different urban model. Critics and designers such as Unwin and
Ebenezer Howard in England used density to propagate the advantages of
decentralized and self-contained smaller cities.

Taking off in the 1960s, extensive discussions took place concerning
the issue of urban sprawl and its negative effects on the liveliness of cities,
on transportation and the environment. The criticism was not only directed
towards the privatized forms of suburban sprawl (low-rise) but also against
the relatively low-density, high-rise expansions of the Modern Movement
that were built after the Second World War. Compact cities were judged by
many to be the best response to counter these developments. In many parts
of the world, the affluence of societies has been manifested through in-
creased space consumption. In some cases this has led to calls for regulating
the minimum densities of redevelopments and city expansions. Since the
1990s, the focus has shifted, and dense and compact urban development is
widely adopted by urban planners and policymakers as the most environ-
mentally friendly form of building cities.” An expression of this is that it is
frequently endorsed in European national and local policy documents.” Also,
the European Commission’s Green Paper’ (European Commission 2013),
UN-Habitat,"” and the UN-supported Millennium Ecosystem Assessment
argue that city compaction is the most environmentally benign strategy for
building cities (MA 2005)."

During the last century, density has thus been used both to describe
the problems of the city (as too dense a century ago, and as too dispersed today)
and, based on such diagnoses, as a norm to prescribe alternatives, at times
formulated as maximum densities, at other moments as minimum densities.

In spite of the practical advantages of the concept of urban density
in urban planning, critics have argued — especially since the revolt in the
1970s against the quantitative methods of modernist planning — that the
use of density for anything but statistical purposes is questionable, as it is

9 Introduction

5
Churchman, A., ‘Disen-
tangling the Concept of
Density’, Journal of
Planning Literature, 13 4
1999, 389-411.

6
Radberg, J., Doktrin
och tdthet i svenskt stads-
byggande 1875-1975 Stock-
holm: Statens rad for
byggnadsforskning, 1988.

7
Buys, L., and E. Miller,
‘Residential satisfaction
in inner urban higher-
density Brisbane, Australia.
Role of dwelling design,
neighbourhood and
neighbours’, Journal of
Environmental Planning
and Management 55
2012, 319-338.

8
Howley, P.. ‘Sustainability
versus liveability. An
exploration of central city
housing satisfaction’,
International Journal of
Housing Policy, 10 2010,
173-189.

9
European Commission,
The Green Paper—A 2030
framework for climate
and energy policies 2013,
retrieved October 7, 2017,
from heeps://ec.europa.
eu/energy/sites/ener/
files/publication/GP_EN_
web.pdf.

10
UN-Habitat, Leveraging
density. Urban patterns for
a green econonty Nairobi:
UN-Habitat. ISBN
978-92-1-132463-1, 2012
and UN-Habitat. 2015.
Available from heeps://
unhabitat.org/a-new-
strategy-of-sustainable-
neighbourhood-planning-
five-principles

1
MA, Millennium ecosystem
assessment. Ecosystems
and human well-being: syn-
thesis Washington, DC:
Island Press, 2005.



perceived as a too elastic concept that poorly reflects the spatial properties
of an urban area. Professionals, as well as researchers, hold the opinion that
measured density and other physical properties are independent of each
other as also can be seen in €:

Very different physical layouts can have similar measured densities.

Previous analyses ... show that measured density and other physical
o 2

factors are quite independent of each other.

Often people confuse density with building type and assume, for
example, that detached houses are lower density than attached
housing types. While this is generally true it is not always the case.
A high-rise tower with large units set on a park-like site may have
a lower density than a set of detached houses on small lots.”

One of the problems of defining density in operational terms is the
relatively weak relationship between density and building type.

The same density can be obtained with radically different building
types, and the same type can be used to obtain different densities."

Besides the argued lack of relationship between density and form, density
is also considered with suspicion because of the confusion regarding the
definition of plan boundaries and the scale at which these are measured.
Alchough it is common to distinguish between net and gross density, the
definitions vary from place to place:” parcel density, net-net density, net
and gross residential density, general density and community density are
some of the units of measure used. For instance, the population density of
the municipality of Amsterdam was 44 inhabitants per hectare in 2000 (ex-
cluding water). The density of its urbanized areas, however, was 63 inhab-
itants per hectare, and the gross residential density — excluding large-scale
working areas and green areas'°— was almost three times higher: 125 inhab-
itants per hectare.”

Notwithstanding the described shortcomings of the existing density
concepts, there is a pragmatic need to continue to use density during the
process of city building. In general, however, the use of density seems to
create some discomfort. For one, we continue to use and require the con-
cept for planning, programming and in the evaluation of urban environ-
ments. On the other hand, we are told that the concept of density has very
liccle relevance for the resulting urban form. It is disturbing that the concept
comes with a large ‘warning disclaimer’. However, what if the definitions
and methods that have been used to argue against a relation between den-
sity and form have just been ineffective in establishing such a relation?

After an apparent lack of interest in density in urbanism, the concept
received renewed attention since the 1990s with the publication of the Urban
Task Force in 1999 that seeks to encourage people to move back into cities
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and to promote well-designed places that make efficient
. . 18
use of available land and environmental resources.~ Fur-

ther, the concept was central to a series of Dutch polem-
ical designs: Point City and the publications Farmax and
Metacity/Datatown.” Other Dutch examples of the (re)-
introduction of density in are the works of, for example,
Gert Urhahn and Milos Bobic; Meta Berghauser Pont and
Per Haupt; Rudy Uytenhaak. In two publications, A Pat-
tern Image and Strategie voor stedelijkheid, Urhahn and
Bobic describe density as one important element of ur-
ban quality.20 Of more recent date is Spacemate: The Spa-
tial Logic of Urban Density, in which the first results of
the research at hand were published,” and Cities full of
Space: Qualities of Density which investigates the possi-
bilities of designing and living in more compact cities.”
In 2015, UN-Habitat launched higher density as one of
the five main strategies for sustainable urban develop-
ment and numerous publication have followed putting
density centre stage.” Also, attempts were recently made
internationally to grasp the relation between density and
buile form: Visualizing Density; Densité & Formes ur-
baines dans la métropole Marseillaise; DBOOK: Density,
Data, Diagrams, Dwellings; and Indicateurs morpholo-
giques pour lamenagement: Analyse de 50 perimeétres batis
situés sur le canton de Genéve.”* The number of detailed
descriptions in these publications of all facets of the builc
environment is impressive and useful, but a basic inter-
pretative framework and in-depth research are often lack-
ing. Publications mostly result in an elaborate series of
examples. Two recent publications by the London School
of Economics and Political Science are exceptions and
show, based on the interpretative framework presented
in the first edition of this book, density figures in four
Asian cities” and the relation between density, urban
form and energy consumption.” This publication, but
also other publications in scientific journals as well as
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policy documents, show how well the first edition of the book Spacematrix,
Space, Density and Urban Form was received in in the field of urban plan-
ning and design, both by academia and practice.

There was and still is clearly a need for further fundamental research
on density. This revised version of the first edition that was published in
2010 presents the development of the method to deal with the relation
between the quantitative and qualitative aspects of space consumption.
This formulation of density based on a multivariable definition has proven
to help to establish an effective relation to urban form, and promotes the
establishment of a science of density as part of the science of cities. Fur-
thermore, a systematic review of the role densification can play in sustain-
able urban development gives conclusive answers on the pros and cons of
this strategy.

The Broader Context

Besides the mentioned arguments for a revaluation of density, there
are presently two general developments in the process of urbanization which
can be identified that further legitimize the study of density. First, recent
changes in how city building is organized have created a greater need to
relate development programmes to spatial qualities. Second, the trend in
the increase in space consumption and the environmental, economic and
social effects associated with this trend point to the need for research into
the relationship between the quality and capacity of space.

Since the 1970s, the traditional hierarchical sequence of the planning
process, starting from national, regional and urban planning, continuing
on to urban design and architecture, has largely been reversed. Architecture
is no longer an extension of planning, but is now often employed to trigger
the planning process. In other words, city development has shifted away
from normative master and blueprint planning to more strategic and project-
based approaches. This has resulted in a process of city development that
mainly occurs through negotiations between private and public actors. This
shift is often described as a gradual ideological and practical shift from gov-
ernment to governance, implying a growing role for private actors in public
policymaking. The government at both national and local levels no longer
takes an arm’s-length role, but through a new approach to governance has
become one of many market parties.”’

In addition, a greater demand for selling projects that focus on brand-
ing and seductive images, something deemed necessary in the current com-
petitive climate, has caused a shift to a project-based design approach driven
by aesthetic values.”® Critics address the superficiality of such a project-based
design approach, arguing that the urban development has evolved into lictle
more than large-scale architecture. They posit that to deal with this, instru-
ments are needed to link the instrumentally rational to the image, and pro-
jects to a strategy for the city or city region as a whole.”
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The New Map of the Netherlands, launched in 1997, shows
the enormous scale of new projects that the country fac-
es.” From 2,650 projects in 1997, the inventory contained
almost 6,500 plans and projects in 2010 and it is not sur-
prising that the epithet ‘Projectland the Netherlands’ was
introduced.” However, long-term centralized planning
still plays a central role in the Netherlands. In 2008 three
National Planning Reports were presented.” It is evident
that despite the increase of more bottom-up and project-
based approaches, the Dutch government still produces
planning documents on a macro scale. How these relate
to the micro-scale solutions remains unclear. The report
Structuurvisie Randstad 2040, presented in September
2008, foresees a need for half a million new dwellings in
the Randstad, 40 per cent to be realized through densi-
fication in cities. At the same time the city of Rotterdam,
in Stadsvisie Rotterdam: Spatial Development Strategy
2030, proposes projects which focus mainly on the real-
ization of low-rise neighbourhoods to attract middle-
class families.” To be able to relate the densification goals
from the planning report to the proposed low-rise pro-
jects in Rotterdam, professionals need new instruments
that are able to bridge the gap between the micro-scale
level of urban design and the macro-scale level of urban
planning. Such instruments should prevent mismatches
between the spatial qualities desired and the develop-
ment programme foreseen at national, regional and local
scale —a mismatch that can have severe qualitative, pro-
grammatic and financial consequences. Furthermore,
such instruments should facilitate the negotiation pro-
cess between private and public actors and enable all ac-
tors simultaneously to assess programme and urban form.
We claim that urban density could play a significant role
in doing so.

Another reason why density needs to achieve a
more central role in urbanism is that urban space con-
sumption has increased dramatically during the last cen-
tury.” The average population density of Amsterdam fell
a factor of 9, from almost 570 inhabitants per hectare in
1880 to around 65 in the year 2000.” During this period,
the urbanized territory of Amsterdam grew from approx-
imately 560 to 11,500 hectares (a factor of 20), while the
population grew from 317,000 to 727,100 inhabitants (a
factor of 2.3). The growth of Amsterdam can largely be
explained by the increased spatial demands per person,
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but only marginally by the growth of the population. This seems to be a
general trend in wealthy societies; the number of inhabitants per dwelling
unit decreases, dwellings become larger, and the city is less densely built.
This was confirmed in a five-year study by the Lincoln Institute where the
urban expansion in 30 cities from all over the world is studied, showing a
general trend of decreasing densities from the global north to south.”® The
causes of such sprawl of people and activities are complex and the effects
multifaceted, but many of the effects are quite generally acknowledged. They
include such facrors as the increase in car and goods transport, the associ-
ation of this with the increase in energy consumption, air pollution, noise
pollution and the fragmentation in the ecosystems, accompanied by a reduc-
tion in the viability of public transport, local amenities and public services,
and so forth.”

This trend of increase in consumption of space calls for further re-
search on the relationship between the capacity and the quality of space.
How can more compact approaches accommodate future growth? What
qualitative measures (specific technical and design solutions) can be used
to compensate for and counteract the negative effects of higher densities?
To answer these questions, instruments are needed that make explicit the
macro-scale consequences of spatial choices made on project level, and vice
versa, instruments that assist in predicting and visualizing the impacts of
macro-scale programmes on the micro scale of a project. We claim that urban
density can also play a significant role in facing this challenge.

Most recently, not least as a result of the ‘urban renaissance’ and the
publication of the five principles for sustainable urban development by UN-
Habitat in 2015, density figures are rising again. In Amsterdam, since 2000,
densities started to increase from 63 inhabitants per hectare in 2000 to 74
in 2020, an increase of 17 per cent. This is one of the reasons to publish this
revised edition of Spacematrix, Space, Density and Urban Form, in which
one full chapter is dedicated to discussing the social, economic and envi-
ronmental effects of densification based on a systematic review of 330 sci-
entific papers. Thus, this revised edition provides not only a definition of
density capable of reducing the confusion surrounding the concept of den-
sity and making it a productive concept in design and planning practice and
research, it also gives insight into how density relates to other performances.
By performances we here refer to the ability or capacity of the built envi-
ronment to deliver different results. Examples of performances that to a
varying extent are conditioned by density are daylight access, health, seg-
regation and air pollution. Through these performances we are able to sus-
pend our judgements concerning appropriate densities. In addition, the
definition of density should enable the development of a method that can
deal with the current challenges being faced in urbanism. Examples hereof
—as sketched earlier in the introduction — are the general trend from gov-
ernment to governance, and from blueprint planning to a more project-based
approach, but also the dilemmas of increased urban space consumption.
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The method should help to develop a simultaneous understanding of how
macro-scale planning ambitions (quantitative and qualitative) relate to micro-
scale design projects and vice versa; it should make explicit the macro-scale
results of a multitude of micro-scale decisions and spatial developments.
Central to all this is the understanding of the variation in density through-
out the scales.This book claims to deliver such a definition and method, the
Spacematrix, which can be used to uncover the conditionality of density to
urban form and performances. The Spacematrix, together with definitions
of scale, demarcation of plan areas and derived indicators, offers a solid basis
for a method that can be used both in planning and design practice, and for
scientific research. The possibilities and specific areas of application will be
suggested in the coming chapters. The book aims at reviving the concept of
density, to rescue the baby that was thrown out with much of the bathwater
said to be fouled by the misconducts of the Modern Movement. This doesn’t
mean that an old instrument is just taken out of the basement, dusted off
and reignited. No, the shortcomings of the existing density-measurement
methods in conveying information about urban form and performance are
certainly very real, as others have pointed out, and which we will demon-
strate further on. Those shortcomings, however, have led many to the con-
clusion that the concept as such is flawed and even dangerous. We insist,
though, that the problem with the most commonly used density-measure-
ment methods is rather one of representation and resolution. A too rough
aresolution, that is a method that relies on too few variables, turns the con-
cept into a predominately statistical tool. This ‘roughness’ means that the
capacity to differentiate is far too small to make them useful in relation to
urban form and performance. At the other extreme of the spectrum, detailed
descriptions (or representations) of the built environment tend to be depend-
ent on a large amount of variables and data. Descriptions that are too spe-
cific not only make a method complex, but also quickly limit the possibilities
to distil generic conclusions. Our research shows that the presented Space-
matrix method contains a proper amount and sort of variables, and engages
with the suitable levels of scale, to make productive conclusions about urban
form and performance. But before unfolding the argument, we will put for-
ward the central hypothesis, formulate a series of questions that need to
be answered, and describe the research methods that have structured and
guided our search.

Challenges to Understanding Density

The hypothesis central to this book is that urban density does con-
tain valuable information about urban form and the performance of the
built environment. If this can be shown to be the case, then urban density
has the potential to be effective in developing a method capable of simul-
taneously articulating quantity and quality, or, expressed in a less abstract
way, a method that can relate built programme to urban form and other
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performances. Such a method should, through its application, be able to
contribute to achieving the aims mentioned above, and thus play an impor-
tant role in current urban practice. To arrive at a significant and productive
correlation between urban density on the one hand and urban form and
performance on the other, a series of sub-questions needs to be formulated
and confronted. The two parts of the hypothesis, quantity and quality, or,
more fitting in the present discourse, ‘urban density’ and ‘urban form and
performance’, both have to be critically examined and (re)defined before
being related. For the first part of the assumed correlation — urban density —
questions about demarcation of areas, entities of measurement, and levels
of scale have to be articulated to arrive at an effective definition of urban
density that can be used to make plausible the correlation between density
and form: What is measured, how are geographical areas circumscribed, and
which levels of scale need to be defined? In this research, to answer these
questions we have critically examined and judged the definitions of urban
density that have been developed and applied in the past, and more specif-
ically, the indicators that have been, and still are, commonly used to describe
urban density. Finally, their capacity to convey information on urban form
and performance has been tested.

If the first part of the correlation — urban density — is a complex sub-
ject matter, then the second part — qualities of the built environment, in
this case understood as urban form and performance — constitutes a chal-
lenge of gargantuan proportions. The aim of this research, however, has not
been to develop an exhaustive and detailed definition of urban form, but
to uncover a general correlation between density and built form, and, with
enough precision, suggest conditional dependencies for specific urban types
and performances on urban density. To this aim, the description of urban
types and the choices of studied performances have sprung out of a mixed
process of a relatively autonomous construction of urban types, an inven-
tory of commonsense naming of urban types and their constituent features,
and the use of existing formal analytical reductions into basic layout types.
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Scheme from Martin and
March (1972: 36-37).

All these together combine into a workable (that is, not too detailed, but
also not too inclusive) classification of urban form that later, in the final
step of the research, is mirrored in the density data, producing cluster and
regularities that can support the hypothesis.

Before taking on the central challenge of relating urban density to
form, the book starts with a sweeping description of the historical context
of city development that has been extended to cover the last ten years of
urban development. This reconstruction of the history of city building in
the Netherlands, since the late Middle Ages, is made to underpin the devel-
opments signalled as central to the research problem and aim (changes in
the city building process and increased space consumption); to trace density
developments through urban history; and to reconstruct the wider context
in which density evolved from being a result of circumstances to a practi-
cally applied, normative concept in city development. The historical context
also serves as a source for making an inventory of the definitions and prac-
tical applications of density in city development, and it has furcher served
to distinguish some of the differing positions on density in relation to, for
instance, sustainability and urbanity. It is by no means an exhaustive recon-
struction but intends to capture some decisive transformations. Its brief
character makes it vulnerable to criticism for presenting a Eurocentric per-
spective, or even a ‘Dutchcentric’ one. This would be a just observation, but
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in our opinion not a great problem to the later developed method. We would
even go so far as to ascribe the developed density method universal aspira-
tions: a universal structure filled with content and applied in ways that differ
due to specific contextual circumstances. The historical sketch serves as an
illustration of the specific temporal developments in a specific geographical
context, namely that of the Netherlands. At times these Dutch density devel-
opments are put into a larger context, and planning doctrines, political devel-
opments, and density methods and variables from abroad are used to balance
the risk of interpreting the Dutch situation in a kind of vacuum. This wider
contextualization further serves as a scan of the most commonly used defi-
nitions of density and related measurement methods.

In addition to the historical outline, the spatial and demographic
developments of Amsterdam were registered to chart the density develop-
ments of the city. Different historical maps were used and measured for this
purpose, as well as sources on the population development of the city.

Besides unravelling the different historical doctrines and common
definitions of density, the research has also relied on knowledge in the field
of typomorphology to identify the basic components of the built environ-
ment. The work of geographer M.R.G. Conzen, founder of the English school
of morphology, was used as a framework. Conzen developed a methodo-
logical and theoretical manual to analyse the physical urban plan on differ-
ent levels of scale.” This approach is in contrast to the other morphological
schools that are more concerned with architecture (Italian school) and so-
ciocultural aspects of city forming (French school). The studies of typomor-
phology were combined in the current research with a more deductive, quan-
titative research approach to come to understand the relationship between
urban programmes and spatial properties. The research carried out by Leslie
Martin and Lionel March at the Centre for Land Use and Built Form Stud-
ies in Cambridge is an example of such a deductive, quantitative approach.”
Central to their work is the recognition of certain related factors, such as
the land available, the buildings located on this land and the roads required
to serve them. Rather than a separate ‘school’ that has little association with
the detailed graphical mapping techniques of typomorphology, we see the
deductive, quantitative approach as an extension of typomorphology, ex-
panding on the opportunities provided here. The analytical techniques dif-
fer, but the research aims coincide: describing and explaining urban form.

The critical examination of the issues mentioned above — the level of
scale, the bordering of areas, the definition of entities, the composition of
indicators, basic urban form, urban types, performances — has led to a new,
multivariable definition of density and a package of practically applicable
definitions. The investigation undertaken to make the correlation between
density, urban form and other performances plausible has relied on two
research methods: empirical and explorative research. We analysed a wide
range of samples, from the Netherlands and abroad, and used these to for-
mulate density-based urban types. This analysis of existing built environments
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(empirical research) was combined with design and calculation experiments
to explore the limits of the possible design solutions under specific density
conditions, and to investigate how different built environments perform in
relation to density (explorative research). Both the empirical and the explor-
ative research have been guided and inspired by the two research traditions
already mentioned, typomorphology and deductive, quantitative research.

Structure of the Book

The following chapter, ‘City Development and Space Consumption’,
sketches the historical background to the development and use of the con-
cept of density. To understand the circumstances in which the concepts of
density were developed and applied in the past, a brief historical account
of the developments in Dutch city building and the organization of the
planning process is given. A larger international context is used at times to
situate the national and local developments. The different concepts devel-
oped are discussed as well as the justification for the use of density in urban
settings. In some cases, the concepts were based on practical experiences
gained from urban projects, in other cases, new concepts were developed
for a more polemic and social purpose. This chapter also includes an ac-
count of the specific density developments of the city of Amsterdam be-
tween 1400 and 2020.

The third chapter, ‘Multivariable Density: Spacematrix’, looks criti-
cally ac different density definitions and judges them on the basis of their
ability to relate density to urban form. Apart from describing the different
concepts employed, such as population density or spaciousness, the chapter
also assesses measurement techniques. Issues discussed include the scale
of measurement and demarcation of areas. As none of the concepts were
assessed as appropriate to describe potential form, a new, multivariable
definition of density is proposed called the Spacematrix. The three core
indicators applied are Floor Space Index (FSI), Ground Space Index (GSI),
and Network density (N). The second portion of this chapter then defines
the necessary measurement techniques and introduces additional, useful
(derived) indicators.

In the fourth chaprter, ‘Density and Urban Form’, we demonstrate,
based on empirical data from various European countries, how this multi-
variable definition of density indeed can distinguish differences in urban
form. This chapter illustrates that the conditions defined by Spacematrix
density, combined with real constraints present at a certain place and mo-
ment in history, limit the potential urban form to such an extent that it
becomes possible to define urban types most likely to emerge under these
density conditions. This chapter also includes an account of the mathemat-
ical proof of the numbers presented in the book as well as a database with
all empirical material used throughout the book, extended in the revised
edition with examples from Stockholm, Sweden and London, UK.
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In Chapter 5, we discuss the performance of density in detail where we first,
present results of a systematic review based on the findings presented in
229 scientific papers. These empirical studies cover topics related to trans-
port, such as modes of transport, trip distance and energy consumption
related to transport. Other topics that will be discussed here are effects
related to economics, environmental and healch effects, social outcomes
such as social cohesion and equity, and resource efficiency. Second, in line
with the work of Martin and March, the multivariable density matrix is re-
lated to qualities of daylight, the distribution of greenhouse gas emissions
and noise exposure.

The last chapter, ‘Qualities of Density’, draws conclusions that offer
answers to the questions and problems posed in the first two chapters, based
on the results discussed in the third, fourth and fifth chapter. Besides the
development of Spacematrix, which defines density as a multivariable and
multi-scalar phenomenon, the research addresses the effectiveness of den-
sity in the urban planning practice, its academic relevance, and its potential
to assist in the efforts to understand and tackle runaway urban space con-
sumption as well as contribute to sustainable urban development.
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CITY DEVELOPMENT AND SPACE CONSUMPTION

This chapter looks at the history of city development' and discusses the
role of the differing views on density in this process. The concept of den-
sity has acquired both descriptive and prescriptive connotations. On the
one hand it is used to analyse problems, and on the other to offer solutions.
This chapter sketches the development of density from a mere outcome
of complex circumstances (roughly until 1850); through the birth of den-
sity as a tool for analysis and diagnosis (1850—1900); via a concept used to
propagate alternatives and prescribe maximum densities in order to guar-
antee certain qualities (1900-1960); to, more lately, an instrument that is
used to argue for minimum densities to support amenities and public trans-
port, and produce less unsustainable environments with potential for vital
urban interaction.

In addition, this chapter highlights two forces in city development,
described briefly in the previous chapter, using a historical perspective.
The first relates to the dialectic between an unregulated market and col-
lective intervention” and the transition from government to governance;
the second focuses on the tension between programme- and image-based
planning. These developments are described with the use of examples from
Dutch cities, supplemented from time to time by background information
on the international context.

We further look at how land use and human space consumption has
changed and how this has affected the practice of city development. See
@ Density Developments Amsterdam on page 273 where the city of Amster-
dam is used to illustrate these historical shifts.” Certainly, Amsterdam is just
one example. Other cities are of different sizes, have different historical
backgrounds, and developed in their own unique ways. Nevertheless, Amster-
dam can serve as a suitable point of reference for other larger Dutch cities
and for many of the general trends that took place in Europe.

The chapter ends with some critical questions on the effects of these
developments and its impact on city development. We highlight the need
for a better understanding of the relationship between quantity and quality,
or between programme and the performance of the urban landscape.”
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Dutch Density Developments

The subsequent analysis delineates four distinct periods. The shift
from one period to the next is sometimes rather imperceptible as ideas of
previous periods extend into, and continue to influence subsequent peri-
ods. The role density has played is central to this historical examination,
whether it has been used as a tool or merely manifests itself as an outcome.
The periods described are:
—— Mercantile Capitalism (1400-1815). This period stretches from the
end of the Middle Ages to the beginnings of the nineteenth century. It sees
the birth of Dutch cities and sets the scene for later industrial expansions.
Two distinct practices of city development coexist. One concerns public
streets laid out by the feudal ruler or municipality, the other individual lots
developed by users. Density is a mere outcome.
—— Liberal-Competitive Capitalism (1815-1900). During this period the
dynamics of the market, industrialization and city growth are only margin-
ally influenced by political and public sector interference. Towards the end
of the century, the density concept is introduced. It is used to diagnose and
compare cities that quickly have to absorb growing populations, but plays
a limited role in the creation of new expansion plans.
—— State-Managed Capitalism (1900-1979). This period, starting from
around 1900 and extending to the end of the 1970s, is often dubbed as a
state-driven planning tradition. The managerial state and public institutions
dominate, from start to finish, throughout the entire urban development
planning process. The term embedded liberalism is sometimes used to de-
scribe this period and to distinguish it from the previous one. During this
period, density is used to prescribe preferred densities. The Garden City
Movement in England and the early functionalists in Germany are the first
to systematically engage with the concept. The use of density resonates well
with the scientific, positivist ideal of the time.
—— Neoliberal Capitalism (1979—today). Referred to as the period after
the late 1970s when planning practice is to a large extent privatized. The state
becomes more of an entrepreneurial state, facilitating the demands of private
investors and consumers in the marketplace. An urban crisis (unemployment,
declining population and budget deficits) defines the first part of this period.
The postmodern critique of centralized, modernist planning also tarnishes
the reputation of density as a ‘technocratic’ instrument that had played an
important role in the ‘crimes’ of the earlier period. However, problems of
sprawl, mobility and unsustainability, and economic demands for profitable
developments turn the attention to the need for minimum densities.

Mercantile Capitalism (1400-1815)

One can distinguish two types of Dutch towns prior to the nineteenth
century.’ A regular pattern of streets developed in a rather short period of
time characterized the first type. These towns were established by powerful
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rulers (such as counts, bishops, dukes) or through large-scale land reclama-
tion projects. €

The second type of late medieval towns are characterized by a grad-
ual urbanization. Growth was driven by a flourishing economy, rising pop-
ulation and increases in commercial activity. Amsterdam is a good example
of this type. The initial inhabitants of Amsterdam were farmers who settle
on both sides of the Amstel River on terps.’ In 1300 Amsterdam acquired
city rights, but not until after 1450 did large numbers of people settle in the
city (more than 10,000 inhabicants).” During an economic boom in the first
half of the seventeenth centurye — the Golden Agee — the population density
grew substantially until it peaked in 1650 at 650 inhabitants per hectare. By
the seventeenth century, Amsterdam had grown from being a small town
into being one of the largest cities in Europe.”

Large-Scale Expansion

At the beginning of the seventeenth century, Amsterdam undertook
new expansion plans to combat increasing densification and to facilitate
economic growth. The plans cover the Grachtengordel and the Jordaan. €
These expansions contain something different in comparison to previous
expansions. The Grachtengordel plan incorporated the aesthetic, classicist
preferences of that time. This plan results in a regular and symmetrical lay-
out with rectangular blocks and lots, whereby appearance, functionality and
profit go hand in hand. The municipality not only designated the building
lots, streets and canals, but a new type of land management emerged that
influenced the way in which private lots were developed and utilized. The
city expropriated the land needed for new expansions and sold the lots. In
specific contracts, the city authorities stipulated the requirements concern-
ing the use and types of the development permitted within the plan.” The
plan was in effect instrumental in sealing agreements between the various
parties involved."

The two expansion plans for the Grachtengordel and the Jordaan
culminated in zoning plans (functional and socioeconomic) that had never
existed before on such a scale in the Netherlands." The first two canals of
the Grachtengordel (Herengracht and Keizersgracht) were in effect housing
developments, especially for the ruling class. Specific conditions were linked
to the lots sold along these canals, so called standards (keuren). These stand-
ards laid down strict conditions for the building of the houses, including
construction time (usually one year) and how the resulting structures should
be aligned in the street to ensure a neat row of fagades. Height and depth
of the houses were also limited to allow for large gardens in the courtyards
behind the buildings.” These stipulations directly or indirectly had a bear-
ing on the final built form and on density.

The Jordaan area originally arose in a part of the city outside the walls
that had sprung up illegally (de voorstad, or faubourgs). The redevelopment
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plan, consisting of industry and housing, included the widening of streets
and the demolition of some existing structures to align the streets. In this
plan no additional standards (keuren) were enforced. In 1859 the density of
the Jordaan was 830 inhabitants per hectare while the Grachtengordel housed
only 270 inhabitants per hectare.” When the last bubonic plague struck Am-
sterdam in 1664, 25,000 people, almost 10 per cent of the population, per-
ished." The poorest and most densely populated areas, such as the Jordaan,
were most severely affected.

After 1672, the year of catastrophe (het Rampjaar), the Dutch econ-
omy stagnated and the market for land and property in the southern part
of the Grachtengordel collapsed. No Dutch town or city grew until well into
the nineteenth century. Amsterdam even lost a quarter of its population be-
tween 1735 and 1815. The area covered by the city remained very much the
same, but the diminished population spread out. This translated into a fall
in population density in Amsterdam from 650 inhabitants per hectare dur-
ing the Golden Age of the seventeenth century to 320 inhabitants per hec-
tare by 1815.

Liberal-Competitive Capitalism (1815-1900)

Following a period of relative stagnation, the Dutch population began
to grow once more during the nineteenth century. Amsterdam had devel-
oped into a strong, innovative financial centre and the period saw the com-
pletion of a series of major national and international infrastructure projects,
such as the opening of the Suez Canal (1869), and the Noordzeekanaal (1876).
The middle part of the period has been referred to as the Mini Golden Age
and the glorious Age of Capital.” In 1815 Amsterdam had 180,000 inhabit-
ants, in 1850 224,000 and by the end of the nineteenth century 510,000.
Rotterdam actually tripled its population between 1850 and 1900."

The increases in population prior to 1875 were absorbed into a city
that had not grown in size since the seventeenth century.” Between 1750
and 1850, the amount of families living in Amsterdam increased by 20,000
to 40,500, while the amount of houses only increased by 900, to 27,600. A
doubling of the population thus had to be accommodated in an (almost)
unchanged housing stock. Only after the introduction of the Fortification
Law (Vestingwet) in 1875 could the population growth once more be accom-
modated in (legal) urban expansions outside the fortifications."

Population density in the Jordaan increased between 1859 and 1889
by more than 50 per cent, from 830 to 1,265 inhabitants per hectare.”
Cheap dwellings were constructed in the courtyards of existing city blocks.
This meant that 40 to 60 per cent of the dwellings lacked the required
amount of sunlight.” In Rotterdam the percentage of the dwellings with
more than ten inhabitants increased from 43 per cent in 1840, to 70 per
cent by 1849.”' Despite this process of intensification, street plans were
relatively unchanged due to their ‘inertia’ a high level of resistance from
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an established structure. Structures were often rebuilt
to accommodate a higher density within the same street
layourt, illustrating the robustness of the urban ground
plan (stadsplattegrond).”

Growth Pains

This tendency for higher densities represented
one of the factors that led to serious health problems in
industrializing cities. The first cholera pandemic in Eu-
rope reached London and Paris in 1832. In London, the
disease claimed 6,500 victims, in Paris 20,000 of a pop-
ulation of 650,000. Throughout France 100,000 people
died of cholera during the pandemic. In 1866, a fourth
cholera pandemic led to 21,000 victims in Amsterdam.
@ Just as in 1664 when the bubonic plague struck Am-
sterdam, the majority of the victims were in the most
densely populated areas.”

In the second half of the nineteenth century peo-
ple started to reconsider and criticize the poor living
conditions of overcrowded cities. People living in dis-
advantaged areas with high population densities suftered
from the combined effects of a lack of access to daylight,
fresh air, clean water and adequate sewerage.”* Estab-
lished in 1844 in London, the Society for improving the
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condition of the labouring classes, an organization dealing
with public health issues, exerted considerable influence
throughout Europe. This was followed by the British Pub-
lic Health Act in 1848. This regulation, and the invest-
ments in public works in England (water, sewer, parks,
pavement), served as an example for many cities.”> In Am-
sterdam, the architect J.H. Leliman designed several dwell-
ings for the working class inspired by the activities of this
society.”® Still, such charitable initiatives were exceptions,
as financial returns remained the driving force in town
planning. By the onset of the second half of the nine-
teenth century, a mere 1 per cent of new buildings con-
sisted of such social housing. They remained ‘islands in
the sea of slums’”

At the same time, more centrally ruled countries
implemented grand classicist schemes such as the boule-
vards in Paris (1851) and the Ringstrasse in Vienna (1857).%
The oldest parts of Paris were occupied at a density of
almost 1,000 inhabitants per hectare.” The poor living
conditions in the overcrowded city were not only a prob-
lem for the poor, as diseases and criminality originating
in poor areas quickly spread to the rest of the city.
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According to the report from 1855, published by the Royal Institute of Engi-
neers on the request of king Willem III, ‘diseases originating from workers
districts have a wide influence on the surroundings, and affect all classes,
spreading a scourge of disaster to the houses of the more civilized’”

Squalid living conditions affected large segments of society and led
to riots and social unrest.” Later, after the First World War, this fear was
evident in England from the deliberations leading to the Housing and Town
Planning Act: “The money we are going to spend on housing is an insurance
against Bolshevism and Revolution.” In 1870, jhr. mr. D.O. Engelen in his
dissertation Over arbeiderswoningen clearly underlined the interdependence
of productivity and good housing in the Netherlands: ‘One is starting to
recognize that the worker, like the machine, needs a good dwelling to be
able to produce well.*

Regularism versus Laissez-Faire

In Germany, by the end of the nineteenth century, a scientific ap-
proach was increasingly the norm when dealing with the problems of hy-
giene and social misery in overcrowded cities. Reinhard Baumeister advo-
cated such an approach. With a modern perspective on urbanism he aimed
to link the artistic, technical, and economic aspects of city development.”
He argued in his book Stadterweiterungen in technischer, baupolizeilicher
und wirtschaftlicher Beziehung (Urban expansions from a technical, regulatory
and economic perspective, 1876) that municipalities should take an active role
in coordinating development. He argued that decisions should be supported
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by statistical research, comparative density figures, and systematic survey
methods covering population, real estate, and traffic conditions.”

Baumeister, and his colleague Joseph Stiibben, adhered to a rather
pragmatic approach to city development. This combined the need for ac-
cess to daylight and fresh air with practical economic considerations. Al-
though they believed that low-rise solutions resulted in improved living
conditions, they accepted the need to increase density in cities. Single-family
dwellings were not an option for many people. Standards dealing with the
maximum building height, lot size and the distance between buildings came
into force to counter some of the negative effects of the increase in density.
© Baumeister introduced a normative building ordinance (Normalbauver-
ordenung) in 1880 that stipulated a maximum of four storeys and prescribed
that the building height should never exceed the street widch. Although
such rules had earlier been applied during the rebuilding of London (1667),
in Paris (eighteenth century) and Barcelona (1859), Baumeister and Stiibben
can be regarded as the first to systematically engage with urban density (di-
rectly and indirectly) in their analyses of the problems of existing cities and
prescriptions for new expansion plans. Density does not yet play a role as a
norm in specific plans, but is more a tool used in the process. Later, in plans
such as the AUP in Amsterdam, density becomes a guiding framework for
the plans themselves.

Baumeister and Stiibben’s convictions that healthy cities should be
realized by public authorities required public intervention and land own-
ership that did not correspond to the views of the conservative-liberal elite
in Ducch cities. They perceived entrepreneurs as being the leading force of
city development and private property a sacred institution. The state should
confine itself to sorting out street width, building alignment and some min-
imal guidelines covering housing hygiene standards.* Two different expan-
sion plans for Amsterdam can illustrate the tension between state-managed
and market-oriented development plans. €@ € One was drafted by Jacobus
van Niftrik (1867) and the other by Jan Kalff (1877). Van Niftrik’s plan in-
cluded plenty of public space, a strict division between social classes, and
a functional zoning that did not consider the existing distribution of land
ownership.” In addition, the plan stipulated that the street width should
be at least 1 to 1.5 times the height of the highest building to guarantee
enough daylight inside the buildings and in the streets.” However, these
aspects made the plan too expensive and an alternative was drawn up by
Kalft, the director of public works in Amsterdam.

Kalff’s plan retained the existing pattern of streets and, in contrast
to the plan made by Van Niftrik, it respected the distribution of land own-
ership. The word expropriation was not mentioned once during the process,
and private developers were frequently able to adapt the street layout to
accommodate their own preferences.”” According to the architect Willem
Krombhout, it rendered ‘narrow, long and depressing streets’, known today
as De Pijp (the pipe).*’ The population density in De Pijp was approximately
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700 inhabitants per hectare; less than the Jordaan, buc still three times more
than in the Grachtengordel.” The more aesthetic elements of town plan-
ning were largely ignored by Kalff’s plan. Almost 60 years later, Cornelis
Van Eesteren described it as:

... a plan, that by its lack of character is typical of the period of
culeural collapse in which it was developed ... The tradition of city
development from the seventeenth and eighteenth centuries

has been lost; any form of spatial guidance from the state is absent;
urbanism is left up to developers and other private enterprises,
speculation entered the urban planning process. Neighbourhoods
such as ‘De Pijp’ and the not so very poetic ‘Dichterbuurt’ are
witnesses in stone of the societal and artistic incapability of its time.*

In the light of the economic developments of the second half of the nine-
teenth century, one could interpret the Van Niftrik Plan as expressing the
self-secured bourgeoisie ambitions of an ever-expanding economy (The Age
of Capital), while Kalff’s plan, in contrast, illustrates the choice for a less
costly and more pragmatic plan at the beginning of what was to become
the Great Depression of 1875-1895.%

The Vondelparkbuurt in Amsterdam is a good example of a devel-
opment where enough means were present to let aesthetic considerations
play a central role. This new part of Amsterdam was targeting a different
segment of the urban population. In 1864, eight wealthy inhabitants of Am-
sterdam took the initiative to create a park on the south-western edge of
the city. The only urban green area present in the older parts of the city,
the Plantage, was to a large extent built upon in 1857.** The sale of the lots
adjacent to the Vondelpark yielded sufficient profit to commission garden
architect Jan David Zocher to design the park. Only the wealthy segment
of the city could afford to undertake this kind of privatized urban develop-
ment. The expansion also had a very explicit programme. Houses were per-
mitted, while workshops or factories were forbidden. The initial develop-
ment, to only build large villas that would compete with the attractive rural
settlements of the immediate surroundings (Gooi, Kennemerland), was never
realized because of the higher development costs.* Even so, population
density in the Vondelparkbuurt was only between 190 and 225 inhabitants
per hectare, which was less than a third of the density in De Pijp.* It is im-
portant, however, not to forget that the Vondelparkbuurt represented an
exception. The norm for Amsterdam was the continuing speculation that
dominated the housing market in the city, leading to the related problems
of overcrowding and poor hygiene.

By the end of the nineteenth century, aesthetic ideas on town plan-
ning began to gain influence, especially in Austria and Germany. In 1889
Camillo Sitte published a small polemic entitled Der Stiddtebau nach seinen
Kunstlerischen Grundsdtzen (City planning according to its artistic principles).
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This book made him the leading proponent of a new school in town plan-
ning."” Sitte argued that town planning should be more than only land-use
planning whereby streets and lots are determined. In this polemic he ex-
pressed his concern about city development leading too often to the crea-
tion of wide and straight streets accompanied by monotonous buildings of
uniform height. Sitte instead believed in compact urban patterns with nar-
row winding streets. The ideas of Sitte immediately had an impact in the
Netherlands, leading to a discussion about the role of the engineer and the
artist in city development.

At about the same time, in 1899 in England, Ebenezer Howard founded
the Garden City Association to promote the ‘Social City’* This new, decen-
tralized city offered an alternative to the overcrowded and unhealthy cities
with their lack of natural environments. In the book Garden Cities of Tomor-
row: A Peaceful Path to Real Reform, published in 1898, Howard explained
his ideas about the ideal town. € Garden cities should have a maximum of
30,000 inhabitants and should be built on an area of 1,000 acres (approxi-
mately 400 ha). This translates to a population density of 75 inhabitants per
hectare. The most important amenities are in clusters at the centre of each
town. Housing is located in spacious settings surrounding the centre and
industry on the outer ring.

State-Managed Capitalism (1900-1979)

Around the turn of the century city development became increas-
ingly influenced by the ideas of the ‘Healthy City’ (Baumeister), the ‘Beau-
tiful City’ (Sitte), and the ‘Social City’ (Howard). In response to rampant
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speculation and poor public health in the city, and the fears of the powerful
working-class movement that since 1890 was becoming a factor that could
not be ignored, the Housing Act (Woningwet, 1901) and the Long Land Lease
Regulation (Erfpachtregeling, 1896) came into force.” Through the Housing
Act it became not only possible to plan land use on a large scale, but, at the
same time, it offered public institutions the means to plan space in a man-
ner that was both socially and aesthetically responsible. Public or semi-public
services (local Government Departments and Housing Associations) became
not only responsible for the layout of streets and the required infrastructure,
but also for large social housing developments. This constituted a qualita-
tive break with the past. At the beginning of the twentieth century, popu-
lation density fell throughout Amsterdam. This was caused by a combination
of a massive home building programme, the demolition of small slum dwell-
ings during the first decades of the century, and a decrease in the occupancy
rate from an average of 4.4 persons per dwelling in 1900 to 3.6 by 1938.
Amsterdam’s Plan Zuid @, designed during the first decade of the
twentieth century by Hendrik Petrus Berlage,” was one of the first examples
whereby a public street plan and the architecture of the lots and the build-
ings represented a synthesis of public planning policy and art, a Gesamt-
skunstwerk.” Unlike any previous city expansion plan, it was not a pragmatic
exercise using entrepreneurial principles. Plan Zuid embraced both the aes-
thetic and the social dimensions of Sitte and Howard. The quality of the
public space, improved housing for the working class, more schools, and
better recreational opportunities; all were central to the plan: ‘Plan Zuid
was to be the first large-scale demonstration of a modern twentieth-century
city, based on social-democratic ideals of social justice and cultural eleva-
tion.”? Dwellings were larger and occupied by fewer people. More public
space had been added (wide streets), and the open spaces within the building
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lots were more spacious through private and communal gardens. However,
although the density of Plan Zuid with 315 inhabitants per hectare was less
than half the density of De Pijp (700 inhabitants per hectare), it was still
four times higher than the ideal of 75 inhabitants per hectare proposed by
Howard 20 years earlier.”*

The Garden City Movement

The ideas of Howard and the Garden City Movement were also very
influential in alternative housing developments built in other countries dur-
ing this period. In Germany and France this led to the founding of the Garten-
stadtgesellschaft and the Association des Cité Jardins.” Despite the call by
some for similar changes in the Netherlands, such as by Bruinwold Riedel
in his book Tuinsteden of 1906, no such association was established here.
The architect Jan Leliman explained in 1908 at the opening of an exhibition
of the German Gartenstadtgesellschaft in Amsterdam the numerous reasons
for this. According to him, the problems in Dutch cities were not quite as
bad or as widespread as in many other European cities. In addition, the de-
centralized tradition and legal autonomy of municipalities had made it rather
difficult to establish new towns. Last but not least, Dutch planners were not
convinced that the ideas of Howard fulfilled a real need.” Ideas like those
expressed in the regional plan developed by the Tuinstadcommissie (the gar-
den city commission) in Amsterdam, which included garden cities located
10 to 20 km from the existing city, were not taken seriously until the 1960s
when the policy of new towns was introduced through The Second National
Policy Document on Spatial Planning.”’

Some of the ideas of the Garden City Movement did, however, influ-
ence Dutch practice. Especially the work of Raymond Unwin, a socialist and
self-educated planner, was influential. The Arts and Crafts ideals of William
Morris and the historical references of Middle Age communities were com-
bined by Unwin with analytical studies of urban form and land use. The
garden suburbs in Letchworth and Hampstead, designed together with Barry
Parker, are the most well known. Unwin, best known for Town Planning in
Practice (1909) and his pamphlet Nothing Gained by Overcrowding! (1912),
set a norm of 12 dwellings to the net acre (30 dwellings per hectare, exclud-
ing all roads) and argued that it was cheaper to build in such low densities.
He demonstrated this by comparing two schemes with single-family hous-
ing with densities of respectively 30 and 60 homes per hectare.” The most
important difference, besides the number of dwellings, was the price for
infrastructure (streets) needed to access the dwellings. In the first scheme
(30 dwellings per hectare) almost £5,000 was needed to construct the street
plan, and in the second scheme (60 dwellings per hectare) £10,000. As the
total land price (for 5 ha) in both schemes was similar (£5,000), the costs
per dwelling would have been £67 and £50 respectively. In other words, the
denser scheme was cheaper when measured per dwelling, but the price of
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the lots (per m?) were in the less-dense scheme only 20 pence while in the
second scheme this was 30 pence. Unwin argued, therefore, that the eco-
nomic results of overcrowding are less favourable when the price per square
meter of land is considered.”” Another argument often used against low
densities, refuted by Unwin in his pamphlet, was that it took up more land
and, therefore, caused an increase in commuter traffic. Unwin used the radius
and the surface of a circle to argue that when the radius of a circle was dou-
bled, and thus the distance from the circumference to the centre of that
circle, the surface of ‘land’ added is quadrupled. @

Scientific Design

Mathematical reasoning of this kind was used by more urban plan-
ners in this period. In the 1920s in Germany, Anton Hoenig is an exponent
of this approach. Others included L.H.J. Angenot, Aad Heimans, the people
associated with SAR (Stichting Architectuur Research) in the Netherlands
(1950s-1960s) and Leslie Martin and Lionel March in England (1960s-1970s).
The work of Hoenig is particularly interesting as he introduced the concept
of spaciousness (Weitraumigkeit) in an actempt to measure ‘urban quality’.60
This concept stemmed from the Berlin Building Ordinance, passed in 1925.
@ This ordinance defined five different building categories based on build-
ing height (Stockwerksanzahl; from two to five storeys), and lot coverage
(Ausnutzung der Grundstiicks; from 10 to 60 per cent). For each category
the built density (Ausnutzungsziffer) could be calculated as the product of
building height and lot coverage.
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Hoenig used the same definitions given in the building ordinance, but added
spaciousness, defined as the ratio between the non-built land and the total
amount of building stock. In the article Baudichte und Weitraumigkeit, Hoe-
nig discusses the relation between urban density, spaciousness and building
height.”' Put another way, spaciousness expresses the amount of non-built
land that each dwelling has at its disposal. Hoenig showed that the lowest
and highest building densities in Berlin’s building ordinance differ by a fac-
tor 15, but when spaciousness is added to the equation, the densities differ
by a factor 35. Each square metre of floor area in the highest category (Bauk-
lasse Va) has 0.13 m? of non-built space available, while in the lowest cate-
gory (Bauklasse I), the figure is 4.5 m2. Hoenig argued further that quality
can only be guaranteed when each square metre of floor area is at least com-
pensated for by one square metre of non-built land. This applied only to
the first three categories of Berlin’s building ordinance, all of which con-
cerned single-family housing.

In 1933 Le Corbusier presented an alternative to the compact nine-
teenth-century city and the spacious garden city: La Ville Radieuse. This was
a model for a ‘Green City’ with plenty of open space, light, sun and fresh
air. Densities were highe — up to 1,000 inhabitants per hectare, comparable
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Building categories within
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to the density of the Jordaan 50 years earlier, which had often been charac-
terized as being heavily overcrowded. The rationale for such a high density
was to minimize land use and distances travelled. High-rise buildings were
used to realize such high densities. Hoenig used the work of Le Corbusier
to illustrate the relationship between density and spaciousness. Le Corbus-
ier’s plan for Paris (Plan Voisin) consisted of buildings of 60 storeys and 95
per cent of the lots left open. The built density (Ausnutzungsziffer) achieved
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in this way was comparable to the highest building category in Berlin’s build-
ing ordinance (30). The spaciousness, however, of Plan Voisin was three times
higher than in Berlin (0.32 compared to 0.13) and, Hoenig concluded, when
high densities had to be achieved, better qualities could be realized with
high-rise buildings.

This scientific ideal of analysis in planning was important to the inter-
national movement CIAM (Congrés Internationaux d’Architecture Moderne),
founded in 1928 at the initiative of Le Corbusier and Siegfried Gideon in La
Sarraz, Switzerland. The CIAM perceived the urban landscape as the sum
of collective functions of a city. Die Funktionelle Stadt was not determined
aesthetically, but functionally.”” Cornelis van Eesteren, chairman of CIAM
from 1930 until 1947, developed a model for the modern functional city in
Amsterdam: the General Extension Plan (Algemeen Uitbreidingsplan Amster-
dam or AUP).* @ @ Van Eesteren, with Th.K. van Lohuizen, did not seek
to realize an ornamental plan with a formal layout based on intuition or
artistic inspiration, but aimed instead to create the appropriate conditions
for the modern city based on scientific methods. The AUP was to become
amodel for the modern functional city. This model included such elements
as housing, amenities, industry, roads and parks, all developed based on their
own intrinsic rules and ideals. Most of the housing types reflect functionalist
views on living; they are oriented towards the sun, have access to fresh air
and good housing schemes, and are characterized by the well-known open
block structures.” Prior to the urban plan, Van Lohuizen undertook a thor-
ough survey that was used to predict the population growth of Amsterdam.
A survey of this nature was comparable to the statistical research and demo-
graphic prognoses mentioned by Baumeister at the end of the nineteenth
century, the scientific method advocated by Hoenig, and, even earlier, to
the work on the 1860 expansion of Barcelona by Cerda. Patrick Geddes’s call
for ‘survey before plan’ had also influenced Dutch planning through Unwin’s
1909 book Town Planning in Practice.”

Van Lohuizen estimated that the population of Amsterdam would
not exceed one million inhabitants by 2000, and satellite cities, as advocated
by the Garden City Movement, would not be necessary. This methodology
adhered to prevailing optimistic ideas about science and its ability to predict
social developments using extensive, often quantitative analysis of human
behaviour and socioeconomic phenomena. The exact area required for the
extension could be calculated with precision based on the number of houses
required (111,200) and the preferred urban densities, defined as the number
of dwellings per hectare.®® Adhering to the ideas of the Garden City Move-
ment, the initial idea was to provide single-family homes on a large scale,
including homes for the working class. However, to prevent excessive sprawl
and to keep the price of land acceptable, a mix of housing types was sug-
gested. Research into different lot patterns had shown that within a density
of 70 dwellings per hectare, 50 to 60 per cent of the dwellings could still be
realized as single family homes. With high land prices adjacent to the existing
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city, densities were higher on central locations (85-110 dwellings per hec-
tare), and lower in the more peripheral areas (55-70 dwellings per hectare).”’
This is probably the first time in Dutch planning practice that density was
used in such a prescriptive, normative fashion.

Despite the studies carried out in advance of the realization of the
AUP, the actual densities turned out to be lower than were envisaged. The
peripheral areas had between 45 and 60 homes per hectare instead of 55 to
70, and there were fewer single-family units than originally planned (32 per
cent instead of 50 to 60 per cent).®® As a result, the envisioned mix of dwell-
ings and commercial activities (shops and small-scale industry) was never
actualized for the simple reason that there were not enough people living
in the area. The housing shortage just after the Second World War further
decreased the amount of commercial activities in favour of dwellings. The
idea of concentrated shopping areas, dominant since the 1950s, caused a
furcher specialization in separate living and shopping areas.

There were two important reasons for the fall in densities in the
AUP.” @ First, the rate of occupancy had fallen much faster than expected.
The expected number of 3.37 in 2000 had already been reached by 1960.
In 2000, the rate of occupancy was 1.98.”° Based only on this decline, space
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Relative growth of land use
in Amsterdam from 1931

t0 1981 (1931=100) (Hellinga
& de Ruijter 1985: 128).
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consumption for housing rose by 70 per cent from 1960 to 2000. Secondly,
economic growth caused a general increase in space consumption. Houses
became larger, with wider lots (beukmaat), leading to an increase in land
use. For instance, single-family housing units in Slotermeer (part of the AUP)
had lots of 5.4 m wide, instead of the originally calculated 4.5 m in the AUP.
Also, more cars, public buildings (schools), cultural and health facilicies,
office and industrial areas, and public green space (sport facilities and parks)
were needed than had been projected in the plan.

The lower densities in the AUP, in combination with enormous trans-
formations of the housing stock in the centre of Amsterdam and the pro-
cess of ‘city forming’ (decrease of housing and increase of shops and work
places), made new large-scale expansion areas necessary. Parts of North
Amsterdam (Buikslotermeer) and, later, the south-east of the city (Bijlm-
ermeer) were developed in the 1960s with a large proportion of the dwell-
ings in high-rise buildings. The realization of the Bijlmermeer, a vertical
garden city planned by Siegfried Nassuth and the municipality of Amster-
dam, was the last modernist project in the Netherlands and represented
one of the best examples of a plan in which the CIAM ideals and the Green
City of Le Corbusier and Walter Gropius were realized.” Both had earlier
researched the advantages of high-rise buildings. Between 1928 and 1931
Gropius developed his ideas about high-rise developments consisting of 8
to 12 storeys.”” By using simple schemes €@ he argued that high-rise build-
ings had many advantages:

—— Given the same sun angle and plan area, higher built densities were
possible;
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Scheme by Gropius (1930),
illustrating the relation
between building height,
sun angle, land use and built
density (Radberg 1988: 83).
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—— Less land was needed to realize the same number of dwellings;
—— Using the same density and available land, improvements in quality
(in terms of daylight access, sun, view, and privacy) could be achieved.

In the Bijlmermeer, these arguments were put into practice: the housing
density matched that of the AUP (about 45 dwellings per hectare), but as
the buildings were higher, more land was available on which to construct
large green parks between the buildings.”” The spaciousness in the Bijl-
mermeer matched the minimal standard introduced by Hoenig: one square
metre of open space for each square metre of floor area. We can thus con-
clude that the same methodology (mathematical analysis) led Unwin to ad-
vocate the advantages of low-rise developments with a maximum density
of 30 dwellings per hectare; led Hoenig to argue for a spaciousness of at
least 1.0; and was used by Le Corbusier and Gropius to promote high-rise
developments in their critique of both the traditional city and the Garden
City Movement:

Le Corbusier ... argued that the evil of the modern city was its density
of developments and that the remedy, perversely, was to increase
that density. Le Corbusier’s solution, whereby an all-powerful master
planner would demolish the entire existing city and replace it by a

. . . . . . .74
city of high-rise towers in a park [illustrates this].

In the 1960s and 1970s, at the Centre for Land Use and Built Form Studies
in Cambridge, Martin and March developed a comparable approach to in-
vestigate the relationship between density and urban form. In the first vol-
ume of a series of monographs emanating from this institute, Martin and
March explained that their approach moved beyond the usual boundaries
of architecture to include the measurement of the urban landscape.” Sim-
ilar research existed in the Netherlands. Angenot published the book Ver-
handelingen over het vraagstuk van de dichtheid van de bebouwing (Discussion
on the subject of built density),” Heimans the book Bebouwingsdichtheid en
grondgebruik voor de woningbouw in de stadsuitbreiding (Building density
and land use in urban housing expansions),” and the SAR (Stichting Archi-
tecten Research) developed the tissue method (uueefselimthode).78
Heimans distinguished different types of allotments (from closed
to open building blocks) and related these to their dimensions. He stated
that one cannot speak of the density of a building type as it was also depend-
ent on the dimensions of the ground plan. Within the SAR method, the
type of lot division (tissue models) was central. Two basic models are men-
tioned: closed blocks and strip developments. The distribution and func-
tion of public space (streets, parking and green space) and building height
were important elements that needed to be added to characterize tissue
models. In the book Urban Space and Structure, Martin and March argued
that more floor space could be realized in semi-detached housing types in
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the countryside than with high-rise buildings in inner-city centres.” As the
city expands with equal-width bands, the outer bands would be able to
accommodate more built space than the inner bands. To compensate for
this, the same area of floor space in the inner bands had to be achieved in
the sky. @ This choice between central and peripheral dispositions of space
was also central in the models of Unwin, as discussed earlier, and the Dutch
architect Hans van der Laan.** The latter concluded that when cities were
built following the concept of peripheral disposition, a large open square
could be positioned in the centre, but when the periphery had to remain
open, the city would be crowded at its centre.

The three plans discussed in this section, Plan Zuid, AUP and Bijlm-
ermeer, all illustrate clear breaks with nineteenth-century urban planning.
These twentieth-century plans relied on the idea that it was possible, and
preferable, to create a new (part of a) city by design. These ideas of deliberate
city design were supported by the legal instruments embodied in the Hous-
ing Act and the Long Land Lease Regulation. Berlage, inspired by the work
of Sitte and Howard, viewed the city as a harmonious, three-dimensional
artefact. The city could be designed like a building, uniting all levels of scale
in a Gesamtkunstwerk.” In a baroque fashion Berlage strived for visual unity.
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The Sittean picturesque, combined with a baroque com-
position, puts the plans of Berlage in stark opposition to
nineteenth-century pragmatic engineering plans.”

The approach of Van Eesteren, in contrast, did
not aspire to a final image. Instead, city expansions were
designed relying on the ideals of CIAM, with ‘a collec-
tion of land uses that through their functional relations
would become a productive whole’*’ This also applied
to the 1947 Plan for the Reconstruction of Rotterdam by
Cornelis van Traa.** As with the AUP, but in contrast to
Berlage’s Plan Zuid, the new plan for Rotterdam did not
prescribe any specific architectural form or final image,
but offered an open plan of structures. Van Traa’s plan
was even more radical in its functionalism and flexibility
than the AUP.” This shift from three-dimensional city
development by urban design (for example Sitte, Berlage,
‘City Beautiful’), to a two-dimensional functional organ-
ization of the city, represented a triumph for the ideas
of CIAM. Scientific and technology-based ideals became
the main driving force for urban planning:

The Plan [for Rotterdam by van Traa] does not
only propagate the structuring of space, but
also the structuring of time by deliberately leav-
ing options open. That which was smouldering
before 1940 had inflamed: on an urban scale,
spatial planning as organization of land uses has
taken over from urban design [vormgevende
stedebouw] 56

Based on scientific urban surveys, the modern city could
be planned with great precision. This belief in the pos-
sibility to predict population growth, housing needs, traf-
fic patterns, and so forth made spatial planning one of
the most important political tools after the Second World
War. Peter Hall describes this as ‘the golden age of plan-
ning’*” The Fordist-Keynesian welfare state under con-
struction after the Second World War had planning and
state management of the economy at its core: ‘Everything
was subordinated to glrowth.’88 This model, however, must
not so much be seen as the opposite of capitalism as such,
burt as a stabilizing and facilitating apparatus necessary
to guarantee future accumulation, although with a dif-
ferent agency compared to the character of the state half
a century earlier.
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Spatial Policies

Between 1958 and 1984, the population of Amsterdam shrank from
871,580 inhabitants to 676,520.89 Rotterdam experienced a similar devel-
opment during this period; falling from 731,000 in 1965 to 555,000 inhab-
itants in 1984.” Still, although the population of Amsterdam decreased by
22 per cent between 1958 and 1984, the urbanized area of Amsterdam grew
by 75 per cent, from 5,400 to 9,460 hectares! A large part of this growth
came from the harbour, which attracted workers from Amsterdam and the
surrounding area. However, even if one only examines the relationship be-
tween population decline and growth in the area of housing, the figures
show the same trend.” The total size of the area occupied by housing grew
by 50 per cent during this period, from 3,240 to 4,865 hectares. Statistically
speaking, an inhabitant in Amsterdam had 37 m?2 of residential area act his
or her disposal in 1958, and by 1984 this had almost doubled to 72 m? per
person.”” @ Some of the relatively well-off middle classes escaped from the
city to low-density environments and thereby drained cities like Amsterdam
and Rotterdam of much tax income and vitality. With fewer taxpayers and
citizens in the city centre, the advantages of scale that higher densities of-
fered in terms of amenities, community interaction and transport efficiency
were threatened. In turn this led to a further depopulation of the city cen-
tre. All over Europe, and even more so in the USA, the trend of suburban-
ization led to an exodus of the middle class from the cities, especially from
the big cities.

Various subsidies in the Netherlands were created to control the
rapid (sub)urbanization of the Randstad (conurbation in West Netherlands).
One measure was to stimulate the regions furthest away from the Randstad
to again make them economically viable. The scale of urban planning was
upgraded, with national planning becoming an accepted tool to organize
land uses and restore the economic viability of peripheral regions. The first
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National Policy Document on Spatial Planning (Nota inzake de ruimtelijke
ordening) of 1960 was about such an equal distribution of population and
economic activities.” The juridical and organizational framework for the
planning on all different levels of scale was laid down in The Spatial Plan-
ning Act (Wet op de ruimtelijke ordening) of 1965.”*

The policy was successful, partly due to positive economic develop-
ments. Industries in need of cheap labour relocated from the Randstad to
the peripheries of the country. The economic boom continued during the
1960s and the Dutch Statistical Inscitute (Centraal Bureau voor Statistiek)
predicted in the mid 1960s that the Dutch population would reach 20 mil-
lion people by the year 2000. This was 7 million more than had been pre-
dicted in the National Policy Document on Spatial Planning five years earlier.”
In 1963 the international planner and advisor for the State Service for the
National Plan (Rijksdienst voor het Nationaal Plan), ].P. Thijsse Jr, presented
a plan for the Netherlands in the year 2000. The plan was to accommodate
20 million inhabitants in two huge agglomerations.”

An alternative to combat the growth of such huge agglomerations
and to react to the laissez-faire character of suburbanization was presented
in The Second National Policy Document on Spatial Planning (Tweede Nota
over de Ruimtelijke Ordening): concentrated dispersal (gebundelde deconcen-
tratie).”” New and existing towns and cities (satellite cities, or groeikernen)
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were to be (further) developed at a distance of 10 to 20 km from the existing
larger cities of the Randstad. @ By assigning areas where urbanization could
take place, the demands for suburban living environments could be accom-
modated, green open spaces would be saved and the size of the Randstad
agglomerations would be controlled. Fifty years after its birth, one could
conclude that Howard’s regional planning model had finally been adopted
in the Nectherlands. The Dutch approach to new towns, however, had not
been implemented to counter the negative effects of overcrowding. Instead
it focused, above all, on channelling residential investments into less devel-
oped or marginalized areas, on preserving open space within the Randstad’s
Green Heart, on expanding regional transportation infrastructures, and on
managing demographic expansions throughout the whole country.” The
satellite cities consisted of the expansion of existing towns such as Alkmaar,
Hoorn and Zoetermeer and the newly created new towns of Lelystad (1967)
and Almere (1975). Although the prognosis for Dutch population growth
turned out to be inaccuratee —in 2000 the Netherlands had less than 16
million inhabitants and not the predicted 20 millione —all the space that
had been set aside was used up by a rapid increase of space consumption
per capita. In an analysis by L. Wijers it is shown that human space con-
sumption over a ten-year period (1945-1955) more than doubled in the new
expansion plans, from 80 m?2 to 180 m?2 per person.”

Reactions to Modernism

During the last part of the period of state-managed capitalism, some
people came to criticize what they saw as the failure of modern planning
and architecture. People such as José Luis Sert and Jane Jacobs contributed
through their books to a change in the theory and practice of city develop-
ment. The titles of their publications expressed the urgency of their ideas:
Can Our Cities Survive? and The Death and Life of Great American Cities.'”
Sert reached the conclusion that high density was often mistaken for over-
crowding and that the solutions of the Garden City Movement and the high-
rise solutions promoted by Le Corbusier and Gropius were to blame for much
of the decline of city life. Jacobs argued that modern planning had ignored
the complexity of the city and had forgotten that social and economic vital-
ity were essential ingredients for achieving a city that functions well. To arrive
here Jacobs propagated a minimum density of 100 dwellings per acre.

Jacobs’s conclusions on the devastating effects of modern planning
and architecture on existing habitats and cities marked the beginning of a
move towards typomorphological research in architecture and urbanism.
Anne Vernez Moudon describes the origins and different schools of mor-
phological research in her text Getting to Know the Built Landscape: Typo-
morphology.lo1 In Iraly, typomorphological studies have their origins in the
1940s with the work of Saverio Muratori, an architect who argued that the
roots of architecture were to be found not in the fantastic projections of the
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modernists, but from within the more continuous tradition of city develop-
ment emanating from antiquity until the 1930s. The French, and especially
the Versailles school, followed the Muratorian philosophy, believing that
modernism had created a complete break with the past that could not be
repaired. They believed that the roots of architecture had to be rediscovered
in past traditions. The shift to the morphological perspective in architecture
and urbanism led to an emphasis on the formal and historical characteristics
of urban patterns. Demographic surveys, social statistics and abstract zoning
diagrams by planners gave way to matters more intrinsic to the design pro-
fession such as typologies, historical map analyses and detailed drawings of
settlement patterns. And besides, as a reaction to the dominance of the re-
gional scale and the autonomous architectonic structure in modernist plan-
ning, the attention also shifted towards the ‘intermediate scale’. Especially
Manuel de Sola-Morales called attention to the lack of interest in this inter-
mediate scale, or the urban project, in modern planning (Meyer 1999).

The counterculture of the 1960s and 1970s was, among many things,
a reaction against industrialized mass production, large-scale projects and
the wholesale post-war demolition of existing city-centre environments.
Plan areas became smaller in the 1970s and the long-term perspectives were
replaced by solutions addressing the local problems of the day. This can be
described as a transition ‘from a technocratic to a sociocratic process’.”
Concepts such as advocacy planning and urban renewal came to dominate
professional discussions. Architects and urban planners affiliated with the
Dutch magazine Forum heavily criticized functionalist planning as inhu-
mane and argued for a (re)turn to human scale in planning and design. Hall
caricatured these rapid shifts of professional atticude from the 1950s to the
1970s in his Cities of Tomorrow as follows:

In 1955, the typical newly graduated planner was at the drawing
board, producing a diagram of desired land uses; in 1965, s/he was
analyzing computer output of traffic patterns; in 1975, the same
person was talking late into the night with community groups, in

the attempt to organize against hostile forces in the world outside.'”*

Neoliberal Capitalism (1979—-today)

In the early 1970s, the economic boom of the Fordist-Keynesian pe-
riod that had followed the Second World War turned into a worldwide re-
cession.'” This economic stagnation forced countries and municipalities to
cut spending. Furchermore, much industrial production was unable to com-
pete with the emerging Asian economies and sectors such as shipyards and
textiles, but also consumer goods, shrank while the service sector grew. The
programme of economic reform in China of 1978 instigated after the death
of Mao by Deng Xiaoping, and the opening up of new populations for pro-
duction and consumption with the fall of the Iron Curtain during the 1990s,
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further increased the global competitive character of life at the end of the
twentieth century. The global recession of the 1970s, the transition from
regional, via national, to global competition between corporations, and the
rise of unemployment in the 1980s had a significant impact on the devel-
opment of Dutch cities. In Amsterdam unemployment more than doubled
from a relatively high level of 8 per cent to 17 per cent between 1980 and
1984."°° Housing associations were privatized and while in 1980 the national
housing production in the Netherlands consisted for 90 per cent of social
housing, by 2000 this had shrunk to 20 per cenc.”

After an almost standstill in the housing construction in Amsterdam
between 1977 and 1980, the production of social housing quickly increased
between 1981 and 1984. These counter-cyclical investments during the se-
vere recession marked the end of a long period of collective investments
in housing that started after the Second World War and the beginning of
a market-oriented urban governance. Neil Brenner in his book New State
Spaces summarizes this general shift as a reorientation ‘from the manage-
rial, welfarist mode of the Fordist-Keynesian period to an entrepreneurial,
growth-oriented, and competitiveness-driven framework during the post-
1970s period”'”

After the criticism of a centralized and technocratic state paradigm
on many levels of society, a reorientation on the social and human scale of
the city took place. This period was characterized by urban renewal and re-
generation. Political protests and social unrest at the end of the 1960s and
beginning of the 1970s led to an increased democratization of the urban
process, and advocacy planning paved the way for locally focused ‘building
for the neighbourhood’ (bouwen voor de buurt). The need to revitalize the
cities after a long period of depopulation and ‘urban crisis” was expressed
in the Structure Scheme Urban Areas (Structuurschets stedelijke gebieden)."”
Here the focus was less on collective investments in social housing. These
had become too expensive to the bleeding treasuries, and seemed to only
reproduce an expensive social structure of low-income groups with lictle
purchasing power to support amenities and with the wrong qualifications
to suit the new service economy. The educated middle class that had mi-
grated to the suburbs and smaller towns was what the large cities were in
need of. ‘People with an above average income [were needed] back in the
city." Gentrification had thus become not only a neighbourhood phenom-
enon, but was rescaled to play out over whole regions. Such an uneven ge-
ographical development became accepted as a fact, and policies that were
set up in the 1960s to geographically redistribute wealth were abandoned.

Spatial Privatization

The socially engaged criticism of the 1960s and 1970s of technocratic
planning paved the way for an interactive consensus planning approach. The
assumption of the latter was that market forces would increase efficiency,
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making all those involved sensitive to the wishes of housing consumers and
investors. Proximity to ‘real life’ would enable them to respond more adeptly
to social and economic changes. This market orientation was initiated not
only because of a general revaluation of private initiative’s competence and
ability, but also because municipalities and the state simply lacked the re-
sources." It became a pragmatic necessity in the 1980s to invite market
parties to participate in the (re)building of the cities to cover (local) gov-
ernment budget deficits. The private sector now operated on an equal foot-
ing with the state. This was in stark contrast to the past when developers
and private building firms used to be mere minions who executed the grand
designs of government and municipal planning agencies.

In recent decades private developers and investors have gained a cen-
tral position in city development through strategic investments in land: ‘Acten-
tion of all private parties has shifted from buying land that has been prepared
for housing development to the purchase of undeveloped land."™ In the quar-
terly bulletin of the Dutch Bank (De Nederlandse Bank) of March 2008, it was
stated that 85 per cent of released land for new housing projects came from
private developers and not from municipalities." Private developers have
hereby become more powerful in project negotiations with local authorities.
They have a greater say on the quantitative goals (number of dwellings to
be developed) and qualitative ambitions (type of dwellings, amount of green
space, parking options) of such projects. This gradual shift from govern-
ment to governance has created a receptive environment for a project-based
approach, an approach in which public and private partners sign agreements
(under private law) before the spatial aspects of these agreements become
legally binding through zoning plans (under public law). This phenomenon
of ‘after-zoning’ has been criticized for its democratic deficit as most of the
project formulation takes place outside democratic insticutions."™

A more adaptive planning approach was propagated for the first time
in the Netherlands in the 1988 national planning policy of The Fourth Na-
tional Policy Document on Spatial Planning (Vierde Nota over Ruimtelijke
Ordening), and Vinex; The Fourth National Policy Document on Spatial Plan-
ning Extra (Vinex; Vierde Nota over Ruimtelijke Ordening Extra) of 1994."
With hindsight, these policy documents officially mark the end of a long
tradition of government-controlled housing construction that began with
the introduction of the Housing Act in 1901.

Policy Reactions

Despite this shift, the Dutch government has continued to produce
spatial policy documents. In 1983 The Third National Policy Document on
Spatial Planning (Derde Nota over Ruimtelijke Ordening) introduced the
concept of the ‘Compact City’, aiming to temper the depopulation of the
larger cities that was signalled in the 1976 Policy Document on Urbanization

(Verstedelijkingsnota)." In the Vinex report (1994), the policy was formulated
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as follows: to build preferably within existing cities through intensification,
or, if not possible, adjacent to existing cities to accommodate suburban liv-
ing environments. Between 1995 and 2005, 455,000 houses were needed
according to the survey underpinning the Vinex report. In Amsterdam (in-
cluding Almere) more than 100,000 houses were foreseen of which 35 per
cent were projected as ‘infill’ projects and 65 per cent in areas adjacent to
the city. @ An example of the first strategy of this policy was the develop-
ment of the South Bank of the IJ in Amsterdam (IJ-oevers). Cities, together
with private developers, tried to create top locations to attract both real
estate investments and economically viable activities in high-density mixed
developments. The density of the IJ-oevers in Amsterdam was 90 dwellings
per hectare (200 inhabitants per hectare) and although these numbers were
higher than those realized earlier in the AUP and Bijlmermeer, they were
still far lower than the minimum density for vital cities of 175 dwellings per
hectare proposed by Jacobs in the 1960s."”

The suburban expansion De Aker in the western part of Amsterdam
is a good example of the second Vinex strategy of developments adjacent
to existing cities. As is the case in most of the other extension areas of that
period in the Netherlands, De Aker consists of mostly single-family housing
(more than 70 per cent) and has a density of approximately 35 dwellings
per hectare." This is similar to the density proposed by Unwin and it could,
according to Jacobs, be viable and safe and even ecologically sustainable
(although heavily car dependent), but it would not generate city liveliness
or public life for the simple reason that there would not be a sufticient con-
centration of inhabitants.
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@

Preparations for a Fifth National Policy Document on Spatial Planning (Vijfde
Nota over Ruimtelijke Ordening) at the end of the 1990s included a national
inventory of spatial claims for all functions that needed to be accommo-
dated until 2030." For infrascructure, housing and businesses alone, an
extra 200,000 hectares of land would be required, an increase of 45 per-
cent.”” Following market research, housing needs were noted for green
suburban areas with low densities and urban areas with higher densities. As
was the case already in the Vinex report, The Fifth National Policy Document
on Spatial Planning inclined towards a compromise to accommodate both
claims. Alongside the continuation of a liberalized housing policy, it argued
for the liberalization and decentralization of spatial planning. Although The
Fifth National Policy Document on Spatial Planning was never approved,
the following report, The Spatial Planning Policy Document (Nota Ruimtee
- Ruimte voor Ontwikkeling) of 2004, formalized these ambitions with an
even clearer choice for decentralization.” Spatial planning and design became
key instruments for contributing to a better economic performance in the
current globalized and competitive environment.

The Image of the City

Parallel to changes in spatial planning, the architecture policy of the
government was summed up in the Memorandum Belvedere.” Here, in
line with the transition from a predominately industrial production society
to a de-industrialized consumer society, with its postmodern ‘aesthetifica-
tion of life’, the image of the city in terms of cultural heritage, identity and
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spatial quality dominated. This shift from planning to design matched the
increased emphasis on competition between cities:

It was an approach that saw the city largely in design terms and it
accorded well with another theme from the 1980s and 1990s:
marketing them like cars or kitchens, which was part and parcel
of globalization in an era where the old locational advantages
had blown away.123

This development corresponded to a more general reorientation from plan-
ning to design. Technical content gave way to form, instrumental engineer-
ing was replaced by image design, or ‘seduction engineering’. Of course, the
rationality of engineering, technology and economics remained keys to suc-
cess, but the carefully produced imagery became more central to the sales
effort of plans and projects.

The interest in morphology and premodernist city development men-
tioned earlier are good examples of this shift. The use of morphology in
analysis and design corresponded with the scaling down of urban planning.
This was in contrast to the earlier all-encompassing blueprint expansions
and the mechanist functionalism that expressed the view that form was
merely a result of technique, economy, programme and organization. The
‘postmodern turn’ in urbanism was illustrated by the renaissance of more
romantic humanist architects such as Sitte, the ‘City Beautiful’ movement,
and the birth of the New Urbanism movement, the latter labelled by Michael
Sorkin ‘the Opus Dei of urban design’.”* With New Urbanism, traditional
urban form and the cultural significance of the city development received
a greater emphasis.'”

In the Dutch practice ‘culturee —in the sense of image and image pro-
ductione —again received a position in spatial planning when the mainly on
programming and containment fixated planning was substituted by one con-
cerned with seduction and inspiration’.” In the policy report Nota Wonen.
Mensen, wensen, wonen citizens were defined as consumers with different
lifestyles that needed to be matched with a suitable object in an appropriate
setting."”” These could then be translated into a series of urban environment
types (stedelijke milieutypen). Urban and architectural ‘qualities’ were looked
after by detailed image and quality plans (beeld- en kwaliteitsplan) and super-
visors (quality coordinators) to adequately enhance the image. In a way, this
marked a return of blueprint planning, this time not as a programme, but
as the image quality of a plan.”® One of the best known examples of such an
image-based plan was Kattenbroek in Amersfoort (1990) where the architect
Ashok Bhalotra used metaphors and themes to diversify the image of a neigh-
bourhood with some 4,500 homes. @ Despite the diverse image, the pro-
gramming of the area is rather uniform: almost 80 per cent of the housing
stock consisted of single-family homes in a homogenous density of 30 dwell-
ings per hectare.”
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Urbanity and Sceptics

‘Urbanity’ (stedelijkheid) is another concept that, next to ‘spatial qual-
ity’, achieved an important status in defining the ambitions for city exten-
sions and transformations during the 1990s. In the Netherlands different
books and reports were published trying to define urbanity, for instance
Strategie voor stedelijkheid; Structuurplan Amsterdam: Kiezen voor stedelijk-
heid; and Stedelijkheid als rendement: Privaat initiatief voor publieke ruimte.”
The concept tends to be very elastic and there is little consensus on how
it should be defined. Frangois Barré described two related meanings of
urbanity in the article “The Desire for Urbanity’. The first was morpholog-
ical and described the physical space of the city and its conditioning aspects
for urbanity. The second was socioeconomic and concerned the actual use
of the city."”

Gert Urhahn and Milos Bobic emphasized ‘complexity’ as the main
actribute in their 1996 book Strategie voor stedelijkheid. Their emphasis was
on the spatial, physical and strategic conditions that stimulate the socioec-
onomic complexity of life. This adherence to complexity was also expressed
by Heeling, et al. in Het ontwerp van de stadsplattegrond:

The urbanity of a city is primarily determined by the degree to
which the spatial configuration is able to contain a large pluriformity
of land use, economic activity, institutions, life forms, cultural life
styles and social relations. The more complex and pluriform the city
. o . 132

is, the more it will be experienced as urban.

Jacobs, Richard Sennet and Marshall Berman discussed the civic dimension
of urbanity in terms of public interaction and accessibility. Both Sennet
and Berman emphasized the need for spaces in which public urban life can
flourish."” Jacobs saw vitality, diversity and concentration as being central
to urbanity: ‘Dense concentrations of people are one of the necessary con-
ditions for flourishing city diversity.** She added the need for high lot cov-
erage (60 to 80 per cent) as a condition for urban vitality to indirectly force
people into the public streets and parks and so increase social interaction.
Jacobs suggested a minimum density of 175 dwellings per hectare to arrive
at a vital and diverse urban landscape.'”

The emphasis on urbanity as an attractive part of city life fit in well
with two problems that cities were confronted with in the 1980s: compe-
tition with suburbia, and a general degeneration of city economies as a result
of recession and de-industrialization. Cities reinvented their identities in
what, somewhat tautologically, was seen as the essence of the city: urbanity.
Cultural sociologist Anton Zijderveld claimed in the Van Eesteren lecture
in 1992 that:

Urbanity has the same function as a management culture to a
corporation or an administration. Cities without urbanity have no
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face and lack propulsion. There is then a lack of administrative

legitimacy and conviction and the economy is adrift, not capable
. 136

to attract the necessary investments.

Following the politically tcumultuous 1970s, this re-branding of the city and
its way of life partially helped to stem the exodus from the physically and
economically decaying cities to the suburbs. Furthermore, the postindus-
trial boom of services led to a focus on innovation, financial services, enter-
tainment, leisure and tourism. These were all activities that for many were
inherently connected to urbanity.137 For Ductch cities, these urban ambitions
contributed to the realization of compact inner city (re)developments, such
as Zuidas and the IJ-oever projects in Amsterdam, The Resident in The Hague,
and Kop van Zuid in Rotterdam. The enthusiasm for the concept probably
also contributed to some increase of densities in more suburban develop-
ments such as Noorderhof in Amsterdam and Brandevoort in Helmond.
However, with around 50 dwellings per hectare these areas were still far
from vital if we are to believe Jacobs.

Despite a consensus in recent decades on the positive effects of the
concepts of urbanity and spatial quality on city development, some people
were critical of these concepts.”” What kind of vitality and intensity was ac-
tually being striven for when all parties unite around the flag of ‘urbanity’?
Wias it the friction and ‘accident and mess’ that seemed to be an important
part of Jacobs’s urban vitality? Or was it the concentration of retail outlets
and gentrification, the nice front of diversity and ‘cappuccino urbanism’”’
that led to a less diverse social reality? The main points of Jacobs’s criticism
on the monofunctional sleep city and her plea for street vitality and people
power seemed to have been lost along the way.

The Battle for Growth

Throughout much of the twentieth century private financers, devel-
opers and construction companies had been viewed with some suspicion.
They were central actors during the housing boom at the end of the nine-
teenth century and were seen by many as profiteers, contributing little to
the common good. A rather statist top-down approach had in the 1960s
and 1970s forced most of the private initiatives to the periphery of spatial
and urban development. In the 1990s the economy was no longer seen as
the enemy but racher as the motor for social and spatial transformations.
The economic reality had to be accepted and growth stimulated with the
help of the creativity of, among others, architects and urban designers. Rank-
ing Randstad, a research project initiated at the Faculty of Architecture of
Delft University of Technology, illustrated this by recognizing the struggle
of cities in a competitive global economy. The programme examined how
‘spatial quality and spatial characteristics account for the competitive/ com-
parative advantages/ disadvantages in various city-regions’.*" The right spatial
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interventions in combination with appropriate fiscal and
social policies could attract improvements in corporate
investments, tourism, expatriates and well-educated im-
migrants. This would result in a higher ranking and, one
supposes, sustained economic growth.

If we are to believe Rem Koolhaas, the affirmative
stance of the neoliberal epoch had made urban planning
and design meaningless and even undesirable as it inter-
vened in the self-organizing power of cities.*' Apart from
producing marketing imagery the most the urban de-
signer could achieve was to engage with the physical com-
ponents that made the flows of people, money and goods
possible. In this way urban designers became spatial en-
gineers, optimizing the techniques of physical organi-
zation. The machinery that needed greasing was differ-
ent from the rationally organized city of Le Corbusier,
though. If La Ville Radieuse attempted to fetter the beast
of corporate profit and individual desire through embed-
ded capitalism, Koolhaas’s Generic City was created by
the beast and was proud of it. The title of a book by Crim-
son reflected the zeitgeist of such an extremely ironic and
hedonistic pragmatism: Too Blessed to be Depressed.'*

Runaway Space Consumption?

Predictions in the past about future land use in
the Netherlands have often been inaccurate. This was also
the case with the prediction of a dramatic increase of the
Dutch population from 12 million in 1966 to 20 million
inhabitants by 2000 that The Second National Policy
Document on Spatial Planning used as its point of depar-
ture."™ However, it transpired that the space that had
been reserved was still needed to accommodate the Dutch
population. Part of the explanation for this can be found
in the fact that anticipated occupancy rates were too high.
For example, the calculations in the surveys undertaken
in the 1930s for the AUP were based on an estimated 3.37
inhabitants per dwelling by 2000. The real level in Am-
sterdam in 2000 was 1.98 inhabitants per dwelling."**

Predictions of demographic developments and
their influence on city growth and contraction remain
dubious. A lesson that a city like Amsterdam could draw
from past experience, however, is that its urban foot-
print™® has been exponentially increasing since the end
of the nineteenth century. Amsterdam’s urban footprint
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increased with a factor 6.4 during the twentieth centu-
ry."*® This is comparable to an annual growth of 1.9 per
cent, and equivalent to a doubling of the urban footprint
every 37 years. @ Expressed another way, one could say
that every new generation in Amsterdam since 1900 has
had the double amount of urban space at its disposale
— or lives half as denselye — as their parents.'"’

People during the twentieth century tended to live
in ever-smaller households,148 in larger houses,® at greater
distance from each other and from their places of work.
© @ The increase in individual housing allocations, the
functional zoning of cities into separate areas for hous-
ing, green space (for example parks, graveyards and sport
fields), offices and industries, and the increased use of the
car (wider streets with more parking facilities) have since
1900 all contributed to an increased urban footprint.

This trend of increased space consumption is not
a phenomenon unique for Amsterdam or Europe. Angel
has shown that most cities have grown faster in size than
in population and, as a result, have decreased their den-
sity.”” This decrease in density is not only true for the
period between 1800 and 2000, but recent developments
also indicate that, despite the urban renaissance, in cities
in Asia, North and South America and Europe, densities
decreased between 1990 and 2000. @ However, through
the detailed analysis of Amsterdam, we are able to reveal
a trend break. In Amsterdam, since 2000, densities have
started to increase, from 63 inhabitants per hectare in
2000 to 74 in 2020.

1955 1980 2005

(4]
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Scenario’s for Space Consumption

Based on the changes in land use in the past, and considering the
twentieth-century developments in Amsterdam as a point of reference for
the Necherlands as a whole, the continuation of the micro-scale trends de-
scribed abovee — people living in larger houses, with less people in lower
densitiese — could theoretically result in a situation in 2050 whereby more
than 30 per cent of the country would be covered by urbanized areas. This
should be compared to 12 percent in 2000."" In the Randstad almost 50
per cent of the area would be urbanized, compared to 19 per cent in 2000.
(Scenario 1in €@) Even when a less polemic, and perhaps more realistic sce-
nario is set out, one based on the growth of the land use in the Netherlands
between 1993 and 2000, we still arrive at a substantially larger amount of
urbanized areas by 2050: 22 per cent for the country as a whole and 33 per
cent of the Randstad. (Scenario 2 in @) This last scenario corresponds al-
most exactly to the trend described in The Fifth National Policy Document
on Spatial Planning.”* (Scenario 3 in @) The Netherlands Institute for Spa-
tial Research predicted in a recent report, Demographic Decline and Spatial
Development, that a number of Dutch municipalities would soon experience
a decrease in population.™ However, in a situation where this coincides with
economic growth and a continuation of current behaviour patterns, the in-
crease in spatial footprint may well outpace any population decrease. People
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will continue to prefer bigger houses in the countryside
and many of them will be able and willing to pay for them.

The issue of rapid urbanization, conflicting spatial
claims, and ‘spatial chaos” has recently been placed at the
top of the political agenda in the Netherlands by the me-
dia.”* A Christian Democratic Party (CDA) report argued
for the creation of an additional 5 million parking spaces
in the Netherlands between now and 2020, and the pol-
icy report Structuurvisie Randstad 2040 predicted the
addition of 500,000 dwellings within the Randstad."
The number of parking spaces suggested in the first re-
port would correspond roughly to the whole area of Am-
sterdam.” The half million new homes that have been
proposed for the Randstad would cover an area almost
three times the size of Amsterdam, if constructed at
an average density of 30 dwellings per hectare.””” When
lower densities are chosen, such as proposed in the study
Waterland 2020 for the provincial executive of North Hol-
land, the increase in urbanized land would reach even
higher values. This study suggested that the countryside
may be saved from the periods of overproduction crisis
of agriculture in the Netherlands by people looking for
big houses at very low densities.”” The introduction of a
variety of traditional housing types at low densities in
rural areas, it is claimed, would not substantially influence
the quality of the landscape in any negative way. Critics
of these ideas suggest that sprawl and suburbanization
go hand in hand with car mobility, social segregation and
a decline in public services.”” The increased mobility that
accompanies sprawl undermines the overriding aim of
curbing energy consumption and the emission of green-
house gases. After all, it is no secret that both the SUV
(Sports Utility Vehicle) and sprawl are the last in line for
a green energy label. Furchermore, the insecurity of food
prices, competition with food crops and the increasing
demand for meat in the world has already begun to ame-
liorate the agricultural crisis in the Necherlands. Food
production may not be characterized by surpluses and
subsidies in the near future, but by increases in demand
and necessity.'®” Any general agricultural crisis is then
difficult to apply as an argument in favour of transform-
ing arable land into housing estates.

Economic bubbles expand and burst. The spatial
bubble, fed by financial abundance and the transforma-
tion of finance capital into fixed capital in the form of
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builc landscapes, risks bursting.'’ Many parts of the world may run into
huge difficulties when/if real estate values deflate and transportation costs
become prohibitive. Sprawl might have a short-term attraction and deliver
much consumer satisfaction, but in the long run one could certainly argue
that it is unviable. In his polemic on Robert Bruegmanns pro-sprawl book
Sprawl: A Compact History, James Howard Kunstler undermines this blind
idolization of the consumer:

His book fails entirely to acknowledge the fact that we are entering a
permanent global energy crisis that will put an end to the drive-in
utopia whether people like it or not ... The stark truch of the situation
is that we are simply going to have to make other arrangementse —and
I’'m sorry to have to repeat that this will be the case whether we like it
or not. Suburbia will be coming oft the menu. We will no longer be able
to resort to the stupid argument that it is okay because we chose i

Density and Sustainable Urban Development

Given the urgency of climate change, emission reductions and de-
pleted world carbon fuel supplies, we have to reconsider current trends in
urban land use. In low-density cities in North America energy consumption
per inhabitant for transport is far higher than the same energy used by Eu-
ropeans, and even more so when compared to very high-density cities in
Asia. @ North Americans are almost totally dependent on the private car,
while the Japanese in general cluster in higher densities and are able to sus-
tain a more efficient public transport network.'” Denser urban environments
certainly do not automatically mean less transport and energy consumption.
Distances between homes and places of work, regulations and fiscal policies
probably have far greater impacts on car use than the mere physical layout
of cities and 1regions.164 However, if the argument is turned around, one has
to admit that dense settlements are a necessary prerequisite if we are to
aspire to a radical cut in car and lorry transportation. Only dense settlements
offer feasible circumstances for the large investments needed for a more
energy-efficient and environmentally responsible movement of goods and
people. Such settlements are also the only environments that can be suc-
cessful when it comes to healthy and sustainable modes of transportation,
such as walking and cycling. Also, proximity and mixing of functions seem
to be a prerequisite for lower mobility and energy consumption. The urban
pateerns that are appropriate for such goals are those with a qualified urban
density and a balanced mix of functions.'®

The trigger for the critical density analyses of planners and architects
of the Garden City Movement and the early modernists a century ago was
rapid industrialization. Such problems of too much in too little space seem
a long way off today (except for road congestion), as they have largely been
displaced from the command centres of our global economy to booming
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production zones elsewhere in the world. There, as Mike Davis describes in
his book Planet of Slums, urbanization is taking place that dwarfs the growth
pains of Western Europe a century ago, the period when the concept of den-
sity was introduced.' In the Netherlands the challenges facing spatial plan-
ning and design are quite the opposite of those that confronted planners
and architects a century ago. Our affluence has brought with it suburbani-
zation and sprawl that seem to threaten the very vitality of cities, aggravate
social segregation and feed burgeoning car mobility. As mentioned earlier
in this chapter, trends towards intensification have been evident in many
urban developments during the last couple of decades (for example the wa-
terfront developments in Amsterdam and Rotterdam, and the Zuidas in
Amsterdam). The average space consumption per capita hereby seemed to
increase less rapidly than it did a couple of decades ago. Nevertheless, these
developments were mostly targeting high-end consumers and businesses.
They were not addressing the vast stretches of less appealing industrial areas
and suburban expansions that were added to the Netherlands each year.
Sorkin, in his article The End of Urban Design, pointed to an important po-
larization ‘between inevitabilism and nostalgia’ in American cities over the
last decade.'”” On the one hand the sprawl of traditionalist suburbia (in the
New Urbanism social and aesthetic fashion) with low, but not very low den-
sities, and, on the other gentrified inner-city developments with many of
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the characteristics of ‘urbanity’ and with high, but not
very high, densities.

A strong consensus has emerged among experts
and policymakers that we need to use land more effi-
ciently and sustainably. Since the 1990s, the compact city
approach has been the main planning strategy used to
cope with the fierce competition between land uses as
a result of global urbanization and is regarded as one of
the main strategies for sustainable urban development.'®
This has resulted in an increase of density in Amsterdam
of 17 per cent between 2000 and 2020. It is argued to
provide, through densification and compact building,
several environmental gains, especially related to the re-
duction of greenhouse gas emissions, innovation and
economic growth.169 However, there are also negative
effects associated with higher density, not least when it
comes to environmental degradation.”’ The strong di-
chotomy between, on the one hand, the positive effects
of density on transport and economics and, on the other,
the negative effects on ecology, social issues and human
health, is striking. It also formulates a challenging task
for urban planners and designers to balance these two
spheres (the system and the lifeworld), while at the same
time acknowledging the need for some form of densi-
fication to handle current urbanization rates.”

Therefore, although current urbanization rates re-
quire some form of densification, there is need for a bet-
ter understanding of its trade-offs. At the beginning of
the twentieth century the threat of social upheaval and
revolution made housing and urban reform a necessity.
During a period of political turmoil Le Corbusier in 1923
spelled out the options at the beginning of that century:
‘It is a question of building which is at the root of the
social unrest of today: Architecture or Revolution.’ At the
beginning of the twenty-first century, as we face climate
change, social and spatial inequalities and serious deg-
radation of the ecological system, this might be restated
as a choice between Urbanism or Meltdown.

Reinvented Density, Different Doctrines

In this chapter we have discussed changes in the
process of city development, focusing on changes in the
role state institutions played and the role of density in
planning. During the first part of the twentieth century
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an active role of the state was accepted in response to dealing with public
health issues. Density was used to diagnose this situation and propagate
alternatives. Interventions and legislation countered the negative effects of
overcrowding and laissez faire capitalism. Still, this interventionism was fairly
modest compared to the state-managed economies that took form after the
Second World War. Coordinated planning and state investments played an
important role in the Keynesian growth strategy, peaking in the 1960s and
coming to an end in the crises of the 1970s. With the neoliberal shift in the
1980s and 1990s, liberals of a less fundamentalist charactere — those ascrib-
ing to the Third Way social-democracy of the 1990se — argued that many of
the direct impacts of inevitable reforms (read deconstruction of the welfare
system) would be softened by trickledown effects of economics and win-
win situations. Instead of striving for more healthy and social cities, urban
designers produced marketing imagery to attract investments.

Today, it seems difficult to plea for direct public intervention in spa-
tial and urban planning, since the current managerial state is just one of
many forces that determine the direction of future space consumption.
Furthermore, decentralization, competition between cities and the frag-
mentation of urban developments into separate competing urban projects
described by Brenner, Harvey, and so forth, run against such public activ-
ism on all levels, be it national, regional or global. At the end of the nine-
teenth century private developers were the drivers of city development when
the practice of speculation was flourishing. They had at the end of the twen-
tieth century, again, assumed centre stage, following an interval of 75 years
of more or less continuous state management. Today private and public
actors work together in project based agencies. Such projects are, to use
the words of Harvey, ‘concerned with the construction of place (the image
of a specific place) and the enhancement of property values rather than the
amelioration of conditions (housing, health, poverty, etc.)’

However, the quick turns of the most recent crisis of capitalisme
—acknowledged not only by its sternest critics, but by just about everyone —
makes fundamental reconsideration of the neoliberal spatial strategies of the
last decades necessary. A post-neoliberal pach will certainly, at least tempo-
rarily, include more state intervention (so far mostly in the form of the social-
ization of private losses) and collectively formulated guidelines and regula-
tions to once again save capitalism from itself. That the de-financialization
of large swaths of society will bring about fundamental changes in the realm
of fixed capital, that is, the physical development of cities and countryside,
seems quite self-evident."”> Whether it will lead to a more democratic society
or further strengthen the corporative character of the state is an open ques-
tion. In both cases, a larger involvement of state instictutions will mean that
new instruments are (again) needed to reconnect national, regional and urban
planning with urban and architectural design.

Whatever the political and economic constellation will be in the near
future — a return to neoliberalism, a solidification of state interventions, or
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other not yet imaginable arrangementse — some urgent issues will need to
be responded to. As we discussed before, an infinite urban growth cannot
be sustained in a finite world. Even if many parts of the world spatially seem
able to absorb almost endless urban expansions, the associated consequences
for transportation, energy consumption, climate change and loss of arable
land will be immense. The need for density discussions today can be likened
to the one a century ago, but with some fundamental differences. Then,
atcempts were made to describe and understand the problems of the in-
dustrializing cities (for example diseases) and their causes (such as over-
crowding), alternatives were suggested (for example the Garden City), and
instrumencs created and implemented, often in the form of maximum den-
sities. Today, overcrowding, extreme poverty and human misery have moved
from Manchester to Manila (where legally binding maximum densities would
be part of radical emancipation!). The proximity of production and con-
sumption, wealth and poverty, that earlier was present in one and the same
city in Western Europe (for instance the Jordaan next to the Grachtengor-
del), structure many developing metropolises today. At the same time, large
swaths of affluence here and predominant production there have created
new problems (such as exploitation of humans, climate change, pollution,
resource scarcity), driven by overconsumption of resources (transport, goods,
energy, humans) and space (sprawl). If industrialization took off with ur-
banization and overcrowding, the fossil-fuel-driven economic growth and
developments in transport techniques of the last century have dispersed
and thinned out our cities. The consequences of the present overconsump-
tion and overshoot of the earth’s resources, as well as possible responses
(such as (re)intensified cities, compact villages, rural self-sufficiency), should
be investigated through, among other things, the concept of density. A fu-
ture step would be to further integrate density into the legal process of
contracting, plan making and zoning documents. Instead of the maximum
densities that are often (indirectly) prescribed, a shift to minimum densi-
ties should in many cases be made, taking into consideration its trade-offs.
The ambitions for intensifying Dutch cities are present, mainly as part of
the limitation of development costs and creation of ‘urbanity’. However,
other, more urgent, reasons (such as survival) to consciously and more firmly
guide, plan and regulate the exploitation of space should give the question
a very high priority. Carbon taxing and rationing are being discussed in
some countries, and cars and buildings have to confirm to tightening CO,
and energy performance requirements respectively. Why should one of the
most fundamental conditions, the spatial stage set, or the urban plan, be
exempt of such regulations? This rather naive question surely shortcuts many
reality constraints and vested interests, but still, it should be of great im-
portance to speculate about and develop appropriate instruments that can
be part of such a shift.

In this chapter we have shown how the dominating emphasis in ur-
ban planning during the twentieth century in the Netherlands shifted from
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quantifying urban developments through scientific surveys and mathematic
reasoning (Unwin, Hoenig, Van Eesteren and Lohuizen, Martin and March)
to grasping the qualitative aspects of city development in terms of urban
form, identity and urbanity (Sitte, Berlage, Jacobs, Urhahn, Bhalotra). Mor-
phological research at one stage became part of the answer, but as this ap-
proach focused mainly on the traditional city (read the one before the mod-
ernist takeover), this often resulted in preservationism, selectively extracting
elements and symbols of the city to create a culture of ‘niceness’

When considering quantity and quality too much in isolation, the
primacy of one may be to the detriment of the other. To arrive at more sus-
tainable urban developments we need to reconcile spatial quality at the mi-
cro level (variation in built environments, housing typologies, public spaces,
micro-climate and so forth) to the structural effects on society as a whole
(programme, mobility, socioeconomic effects, integration/segregation, en-
ergy consumption). Gains can be made if quantity and quality can be en-
gaged simultaneously.
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MULTIVARIABLE DENSITY: SPACEMATRIX

As Arza Churchman describes in Disentangling the Concept of Density, there
is not one accepted measure of density in, or shared by, different countries.'
In general, density measures vary according to the manner in which numer-
ators and denominarors are defined.” Some countries define density using
the number of people per given area (population density), while others define
it using the number of dwelling units or the building mass per given area
(Floor Space Index, or land use intensity). It is important to realize that one
can translate one density measure into another by making assumptions or
applying known statistics, such as dwelling size and occupancy rate. A purely
physical density, such as FSI, can be translated into a more socially relevant
form of density, such as dwelling and population density. A variety of land
units, including acre, hectare, square mile and square kilometre can be used
for denominators. These measures are not difficult to convert.

More important — and problematic — is the definition of the bound-
ary of an area, as this, to a large extent, determines the outcome of density
calculations. Alcthough it is common to distinguish between net and gross
density, the definition of net and gross varies from place to place, and has
been a source of great ambiguity. This book aspires to formulate a clear set
of definitions for these boundaries. Most important, however, is to be con-
sistent when comparing different areas.

Related to the discussion of boundaries is the issue of scale and aver-
ages. An average density does not necessarily mean that the whole area has
a uniform density. The larger the area over which the density is measured,
the more heterogeneous it is likely to be. Moreover, as the scale increases,
the amount of non-built land (roads, railways, green areas and water) also
increases in relative terms, and density, be it population density or another
measure, decreases. Thus, the definition of the denominator — the total area
of the land — in the quotient is crucial when determining density.

The first part of this chapter critically assesses the density measures
introduced in Chapter 2 and their ability to describe built form. We demon-
strate that existing density indicators have a programmatic and statistical
character and are indeed, as is discussed in Chapter 1, inadequate in de-
scribing central spatial properties of urban landscapes. The second part of
this chapter presents a method designed to simultaneously assess different

67 Introduction

1
Churchman, A., ‘Disen-
tangling the Concept
of Density’, Journal of
Planning Literature, 13 4
1999, 389-411.

2
The numerator A is the
number above and the de-
nominator B is the
number below the line in
avulgar fraction A/B.




density variables and describe spatial properties with more precision. The
use of this method is demonstrated with the help of the examples from
Amsterdam used in the previous chapter. Chapters 4 and 5 then further
discuss in greater detail the relationship between urban density, urban types
and performance.

Perceived Density

Before discussing different measuring methods, it is important to
realize that density can be approached in different ways. One important
distinction is between physical density and perceived density.’ Depending
on a range of individual and sociocultural factors, a person (inhabitant, vis-
itor) will evaluate and react differently to perceived density. The concept of
‘crowding’ highlights, in this case, a negative evaluation of perceived den-
sity.* An example: a shy person from a rural area will react in a specific man-
ner to a busy inner-city street; this reaction might be described as a feeling
of ‘crowdedness’. On the other hand, the reaction of a streetwise metropol-
itan dweller to the same physical and social situation might be described as
the joy of ‘urbanity’’ He or she might appreciate the pace of the city and
enjoy the random, social forms of intercourse.

Although these more multifaceted aspects of density are of great
importance to the evaluation of design and understanding people’s reac-
tions to different urban environments, in our research we limit ourselves
primarily to physical density as defined by Ernest Alexander.’ We return to
the distinction between perceived and physical density in Chapter 5 in a
discussion of the issue of performance as it relates to density.

Physical Density

Different physical density measures have been used to describe and
prescribe human space consumption. In this section we describe the most
conventional methods used to measure density and draw conclusions about
their effectiveness in describing urban form. The measurement methods
discussed are:
—— Population and dwelling density;
—— Land use intensity;
—— Coveragg;
—— Building height;
—— Spaciousness.

Population and Dwelling Density

Population density can be expressed in terms of the number of peo-
ple or households in an area, while dwelling density measures the number
of dwellings in an area. Families vary in size (social and historical spread)
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and a household can range from a single person to mul-
tiple family units. Population density calculations are
used to plan for new schools, retail, utilities and the tran-
sit expansion needed for an area. As social transforma-
tions generally are quicker than physical transformations,
the population density of an area can have changed
through history even if the number of dwellings has
remained the same. Dwelling density is thus the more
robust of the two and is often used in descriptions of
urban developments.

Raymond Unwin stated in his 1912 pamphlet Noth-
ing Gained by Overcrowding that density should be lim-
ited to 12 dwellings per acre (30 dwellings per hectare).”
Frank Lloyd Wright, on the other hand, proposed in Broad
Acre City an ideal density of one dwelling per acre (2.5
dwellings per hectare).’ In the Netherlands, Cornelis van
Eesteren and Th.K. van Lohuizen were the first to use
dwelling density in a planning document. They studied
the relationship between dwelling type and density and
arrived at a density that would allow for feasible land
use in combination with the construction of as many
single-family houses as possible.” Research into different
allotment patterns had shown that with a density of 70
dwellings per hectare, 50 to 60 per cent of the dwellings
could be constructed as single-family houses." In the
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Netherlands, this ratio between the number of dwellings and a hectare of
land was recommended as a standard for measuring density in 1942."

In most cases a differentiation is made between net and gross den-
sity, or between net residential density, neighbourhood density (wijkdicht-
heid) and city density (generale dichtheid)."” Net density mostly excludes all
public streets and residential density usually describes the portion of the
neighbourhood used solely for housing. Gross, or neighbourhood density,
also covers neighbourhood facilities such as primary schools and grocery
shops, and city density adds the more general amenities, such as a city library,
hospitals, etcetera.

A residential area is in the Netherlands often defined as a unique com-
bination of street systems, lot patterns and building configurations (size and
shape) and is delineated by boundaries drawn in the middle of the streets
surrounding the lots and buildings.” The gross density, or neighbourhood
density, was calculated by adding the amount of land needed for amenities
to serve the population in a residential area.” The 1956 density map of Am-
sterdam, €@ which applied Van Lohuizen’s method for calculating density,
included the residential area, the neighbourhood facilities and the main
roads, and thus corresponds to the gross density, or neighbourhood den-
sity.” The definition of the neighbourhoods (buurten) used today by the
Dutch municipalities and Statistics Netherlands (CBS) are similar to the
boundaries set in 1956, although the exact borders are often revised to match
municipal borders. The effects of these different definitions for measured
density are enormous and make comparisons between areas difficult. €

The previous chapter referred to a series of areas in Amsterdam as
representatives of different periods in the history of city development in
the Netherlands. We will use these again here to demonstrate the different
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density measures. The Jordaan (seventeenth century) and De Pijp (nineteenth
century) had among the highest population densities in Amsterdam. The
former had 1,265 inhabitants per hectare in 1889, the latter 700 inhabitants
per hectare at the end of the 1950s." During the same periods, two other
areas were built for the well-to-do inhabitants of Amsterdam: Grachten-
gordel (seventeenth century) and Vondelparkbuurt (nineteenth century).
These had, respectively, densities of 270 (Grachtengordel in 1889) and 200
(Vondelpark in 1958) inhabitants per hectare. One reason for the difference
in density between Jordaan and De Pijp, on the one hand, and Grachten-
gordel and Vondelparkbuurt, on the other, is that the first two areas, built
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for immigrants and the working class, contained large
numbers of small dwellings, inhabited by large families.
The dwellings in Grachtengordel and Vondelparkbuurt
were much larger. A family was allowed to construct only
one house per lot. Later, when the economic situation
changed, dwellings were subdivided or transformed into
offices, thus changing the population density. Today, es-
pecially in the Grachtengordel, more people work in the
area, resulting in a decrease in population density.” A
different type of transformation has taken place in the
Jordaan and De Pijp. Small dwellings have been united
into larger ones and industries have been moved to the
periphery of the city. Relatively few people now work
in these areas.' Also, the average number of people per
dwelling (occupancy rate) in Amsterdam decreased from
4.36 towards the end of the nineteenth century to 1.97
in 2000.” @ @ demonstrates how the transformations
in Grachtengordel and Jordaan brought about less ex-
treme differences in population density.

The changes in population density in these four
examples occurred without much change in the layout
of the urban fabric. We can therefore conclude that there
is lictle relation between population density and urban
form. @ demonstrates that the high-rise development
in Bijlmermeer has a lower dwelling density than the gar-
den city of Betondorp, which comprises low-rise hous-
ing. €@ The same dwelling density can thus be achieved
through very different urban forms, and we can there-
fore question Alexander’s conclusions, presented in a
graph, which show a relationship between dwelling types
and net dwelling density.”’ @ The reasons that dwelling
and population density demonstrate a weak relation to
built form are threefold: the occupancy rate of dwellings
differs, the size of the dwellings differs and the amount
of non-residential space is not taken into account when
expressing dwelling density.

Of course, the differences in the numbers of in-
habitants influence such characteristics of an area as the
user and traffic intensity, or the potential for different
programmes, etcetera. In short, the quality of life in an
area is dependent on the dialectic relation between the
physical environment and the social activities taking place.
However, these variations take place in a physical con-
text that is largely characterized by stability and robust-
ness.” A monofunctional working area does not physically
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transform during the night although it is crowded during
the day and empty at night. Its physical form can certainly
change, but occurs in time spans measured in decades
and centuries, rather than days and years.

Land Use Intensity

Today, population and dwelling densities are still
widely used in the urban profession. The Dutch Ministry
of Spatial Planning and the Environment (VROM) for
instance, uses households per hectare as a classification
of urban environments.” Another, purely physical, den-
sity measure only recently became more popular in the
Netherlands: the Floor Space Index (FS1).?

The 1925 Building Ordinance of Berlin made use
of the so called Ausnutzungsziffer (exploitation number).”*
This variable expresses the relation of the amount of built
floor area to the area of a plan. This is one of the first
examples in Europe of the use of a more neutral indicator
that combined all floor space to describe and prescribe
density, independent of its use. In 1944, the British Min-
istry of Health suggested using the building bulk (floor
area) as the numerator, expressed as floor-space-index,
or FSI.” It was particularly to be used in areas dominated
by commercial buildings. An international conference
in Zurich in 1948 established this index as the common
standard in Europe. A comparable term used in New York
City’s Zoning Resolution is the floor to area ratio (FAR),
which expressed the building bulk in relation to lot size.”®
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Under the guidance of the Central Service for Reconstruc-
tion and Public Housing (Centrale Directie van de Weder-
opbouw en de Volkshuisvesting), the Land Index was devel-
oped in the Netherlands in 1949 to measure built dens-
ity.”” This quotient uses the ratio of the land area (in the
numerator) to the floor area (in the denominator), and
is inversely equivalent to the Ausnutzungsziffer, FSI or
FAR. This measure has, however, never been widely ac-
cepted in the Dutch urban profession. The number of
dwellings per hectare has remained popular. The first
time FSI was used in an official Dutch planning docu-
ment was, as far as we have been able to trace, in the
2003 Structuurplan Amsterdam.” In this document, builc
environments are defined by, among other things, den-
sity measures, expressed as FSL” This plan was preceded
by two studies by Bureau Parkstad in Amsterdam,” and
the report Meten met twee maten in which a distinction
was made between lot FSI, net FSI and gross FSI.* The
boundary of the net plan area was defined by the urban
project and therefore sometimes took into account streets,
water and green areas, but on other occasions consisted
of only a single lot. This makes comparisons risky. The
gross plan area was calculated by drawing a boundary
line 30 m from the borders of the lot or, when adjacent
lots were in close proximity, by drawing the boundary
exactly in the middle of the lot lines. To a large extent,
both definitions are arbitrary and were criticized in an
expert meeting organized by the municipality of Am-
sterdam in 2001.%

When assessing the samples from Amsterdam,”
we see that the four oldest areas (Grachtengordel, Jordaan,
De Pijp and Vondelparkbuurt) have a similar FSI although
the population and dwelling density, as we have seen in
the former paragraph, differs significantly. @ When com-
paring the FSI with the spatial characteristics of these
areas, it appears thus that FSI expresses form in a better
way than population and dwelling density.

However, other samples show that although FSI
takes all functions into account, it is not nuanced enough
to convey urban form. The typical post-war open block
structures of Zuidwest Kwadrant (part of the AUP), the
high-rise developments of the Bijlmermeer and the single-
family houses of Nieuw Sloten have identical built inten-
sities (FSI), but they differ greatly in terms of urban form.

00
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Coverage

The concept of coverage was frequently used throughout the twen-
tieth century to express the relationship between built and non-built land.
Colin Rowe used the figure-ground analysis to visually represent coverage
as the distribution of (built) mass and open space.* He used this representa-
tion to decode two opposite doctrines at the core of modern and traditional
planning: the first an accumulation of solids in an endless floating void, the
other dominated by mass and cut through by voids. @

In Germany, the coverage measure was applied to limit the negative
effects of solid urban patterns. Reinhard Baumeister, Joseph Stiibben, Karl
Hoepfner and Anton Hoenig all worked with the concept of coverage and
in 1925 it became part of the official planning policy in the Building Ordi-
nance of Berlin.”> Coverage was actively used even earlier in planning. The
expansion plan of Barcelona by Ildefonso Cerda is a good example. Here
the coverage was restricted to a maximum of 50 per cent of the lots to guar-
antee good hygienic conditions.™ This was, however, to a large extent ig-
nored during implementation and, over time, coverage reached almost 90
per cent in many areas. Interestingly, Jane Jacobs argued in 1961 for high
lot coverage (between 60 and 80 per cent for the building blocks). This was
to bring people out into the public streets and parks, and to create a lively
city.” Jan Gehl recently used the same argument for a high degree of cov-
erage in his study for @restad Syd in Copenhagen.™

The 1916 New York City’s Zoning Resolution restricted the amount
of ground that could be covered by buildings.” In the Netherlands, cover-
age is used in zoning plans (bestemmingsplannen) to regulate maximum util-
ization of an area.

When we look at the areas with identical FSI values discussed in the
former section — namely Zuidwest Kwadrant, Bijlmermeer and Nieuw Sloten —
we observe that the coverage (or Ground Space Index, GSI) differs. In fact,
GSI can be said to be a better standard with which to distinguish the spa-
tial differences of these samples. @ However, a part of Plan Zuid by Hen-
drik Petrus Berlage and Noorderhof, an area in Amsterdam designed by
Rob Krier and Christoph Kohl in 1999, have similar GSI values although
the spatial characteristics are remarkably different. € The land use plan
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of Noorderhof is composed of small blocks with low-rise housing and little
public space. Plan Zuid is composed of rather big blocks with apartment
buildings of four to five storeys and wide streets. We conclude from this
that coverage alone also has a rather weak relation to urban form.

Building Height

In most European countries at the end of the nineteenth and the
beginning of the twentieth century, building height and street widch were
regulated through ordinances.*’ In Paris, the Ordinance of 1902 regulated
that buildings of seven storeys, plus attics, were allowed on streets of at least
20 m width. In Berlin, the maximum height was five storeys. In the Neth-
erlands in 1878, Jacobus van Niftrik argued that streets should be 1 to 1.5
times wider than the highest building on a street.” His plan for the expan-
sion of Amsterdam, in which he put this approach into practice, was never
executed. It was perceived as too expensive, partly due to its wide streets.
Baumeister and Stiibben went even further and proposed to also relate build-
ing height to the size of the courtyards.*

The relation between street width (or court size) and building height
was also a factor in the studies of Walter Gropius. He argued that by plan-
ning for higher buildings, one could provide more open space without
losing out on the number of dwellings (and population density). Later,
Christopher Alexander, arguing against the modernist high-rise develop-
ments, introduced psychological arguments to subject all buildings to height
restrictions.” @ Based on evidence from the British Medical Journal and
Newman'’s experience since the early 1970s of carrying out and analysing
‘Defensible Space’ projects, Alexander claimed that ‘there is abundant
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evidence to show that high buildings make people crazy’.44 To protect peo-
ple from becoming crazy, Alexander advocated limiting the height of the
majority of buildings in any urban area to four storeys or less, no matter
how dense the area.

When looking at samples from Amsterdam with the same average
building height, say two storeys, we find examples ranging from villas in a
spacious layout to compact old villages. We can thus conclude that building
height alone does not contribute much to an understanding of density and
urban form or to the relation between the two. Of the Amsterdam samples,
the Bijlmermeer has the highest buildings. @ Despite the height of the build-
ings, the FSI is similar to Nieuw Sloten. Here the floor space is evenly dis-
tributed over the area, while in the Bijlmermeer it is concentrated to leave
large amounts of open green space. @

Spaciousness

Hoenig was the first to systematically study the density and spacious-
ness of the urban environment.* In his article Baudichte und Weitriumig-
keit, he introduced the concept of Weitrdumigkeit, or spaciousness, defined
as the relationship between open space and total floor area, as a measure-
ment of the quality of an urban plan.* Spaciousness is equivalent to the Open
Space Ratio (OSR) mentioned in the New York City’s Zoning Resolution.”’
OSR was used as an instrument to stipulate that a development must pro-
vide a certain amount of open space on a zoning lot in specified districts.
It can be viewed as an expression of the trade-offs between the desire to
maximize the building bulk (programme or FSI) and the public and private
demand for adequate open space.

At the level of a lot (or building block), Hoenig proposed a minimum
of one square metre of open space for every square metre of built floor area.
He believed that when this standard was met, the area could be described
as spacious (weitrdumig). Built areas with less open space were not accept-
able and were described as cramped or crowded (engrdaumig).

In Amsterdam, the only example that, on the scale of the building block,
meets the spaciousness standard proposed by Hoenig is the Bijlmermeer. The
other Dutch areas analysed have lower figures. In Berlin, however, most low-
rise samples built from the 1920s to the 1960s fulfil Hoenig’s requirements.**

Two samples, Venserpolder and Noorderhof, with similar OSR val-
ues, consist of respectively large building blocks of 4.5 storeys high and
small blocks of 2.5 storeys. €@ €@ We can thus conclude that OSR alone does
not contribute much to the understanding of urban form. However, it does
reveal the character of the areas in terms of pressure on the non-built space.
If all of the inhabitants of the dwellings in these houses would go out onto
the streets and into the courtyards at the same time, each person would have
the same amount of open space at his/her disposal in both samples.
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Density Measure Year Use Norm
Population density
Inhabitants per hectare 1899 Howard <75 inh/ha (district)
1933 Le Corbusier 1,000 dw/ha
Dwelling density
Dwellings per hectare 1909 Unwin < 30 dw/ha (island)
1934 Van Eesteren 55-110 dw/ha (fabric)
1961 Jacobs > 250 dw/ha (island)
Land use intensity
Ausnutzungsziffer = FSI x 100 1925 Building Ordinance Berlin 20-300 (lot)
Land Index = 1/FSI 1949 Central Service for Reconstruction
and Public Housing
Floor to Area Ratio (FAR) 1961 New York Zoning Resolution maximum FAR (lot)
Floor Space Index (FSI) 2003 Structuurplan Amsterdam minimal FSI (fabric)
Coverage
Coverage = GSIx 100 1961 New York Zoning Resolution maximum coverage (lot)
1860 Cerda <50% (lot)
1925 Building Ordinance Berlin 0.10-0.60 (lot)
1961 Jacobs 0.60-0.80 (island)
Ground Space Index (GSI) 2003 Structuurplan Amsterdam minimal GSl (fabric)
Building height
Building height 1961 New York Zoning Resolution maximum height
Amount of stories 1667 Rebuilding Law London
1880 Baumeister <4
1902 Ordinance Paris <7 +attic
Spaciousness
Weitraumigkeit = OSR 1928 Hoenig >1.0 (lot)
Open Space (Ratio) = OSRx 100 1961 New York Zoning Resolution minimal OSR (lot)

L12]

Evaluation of Density Measures
As we have discussed, population and dwelling density have some
serious shortcomings when it comes to establishing a relation with urban
form. When working with dwelling density, the floor space allocated to em-
ployment is not taken into account. It is further impossible to determine
whether people reside in large or small dwellings. In addition, issues of health
and hygiene, which led to the introduction of the concept of density in ur-
banism, are not only influenced by the number of people residing in an area.
Also relevant are dwelling size, building height and the distance between
buildings. In 1880, the Jordaan had a dwelling density of 1,265 inhabitants
per hectare. The area more than once faced high death rates due to diseases;
in 1664 from the bubonic plague and in 1866 as a result of a cholera out-
break.” The bad living conditions (read: high population density) were per-
ceived as part of the reason that the area was so badly affected by these
pandemics. But were the pandemics caused by high population density or
by the fact that a large number of people were living in small and cramped
dwellings? Is it possible to imagine such a circumstance, a ratio of 1,265
people per hectare, without the problems that European cities encountered
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at the end of the nineteenth century? In the Jordaan, in 1880, the space
allocation was 15 m? of floor area per inhabitant. In 2007, this had increased
to 85 m2°° Accommodating a density of 1,265 persons per hectare with the
same amount of floor area per person, as is thought to be appropriate today,
would result in a FSI increasing from 1.9 to 10.8! ™'

We observe that land use intensity (FSI or FAR) is more effective but
still does not allow us to differentiate between different spatial layouts. The
same can be said about the other density indicators discussed here. All are,
to a certain degree, informative, but none can be used on their own to ade-
quately describe spatial properties as a step towards defining urban types
with the use of density. This conclusion corresponds with the opinion com-
monly held by professionals, as well as researchers, as mentioned earlier.

An alternative approach is to use more variables to describe an urban
area. The New York City’s Zoning Regulation contained three indicators of
density: FAR (or FSI), coverage (GSI) and population density. In Barcelona,
both building height and coverage were considered and the building ordi-
nance in Berlin of 1925 mentioned Ausnutzungsziffer (FSI), Ausnutzung der
Grundstiicks (GSI) and Stockwerksanzahl (building height). More recently,
a combination of different indicators have been used to differentiate between
various development patterns.” These approaches highlight the advantage
of using a multivariable approach to density.

An example of a multivariable approach to density can be illustrated
by looking at a children’s game in which a circle is divided in two, three or
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four pieces. This game is portrayed in @. In the first instance, the pieces
are positioned in such a way that four full circles are constructed. In terms
of intensity (FSI), coverage (GSI), height (L) and spaciousness (OSR) these
solutions are identical (1, 1, 1, and 0 respectively). In the second case, the
same pieces are stacked on top of each other. The first solution, consisting
only of one piece, is identical to the one in the first picture. The second
solution consists of two pieces stacked on top of each other, resulting in a
halving of the GSI (0.5) and a doubling of the height. Also, the OSR has
changed from zero to 0.5. The FSI, though, remains the same (1.0). The
other two solutions in the second picture, still with the same FSI, have both
different GSI, L and OSR values (third solution: 0.33, 3, and 0.67; fourth
solution: 0.25, 4, and 0.75). We suggest that such a combination of indica-
tors is needed to better relate density to potential urban form.

A shortcoming of this combination of density indicators, however,
is their focus on the built mass and the absence of a reference to size. In the
example of the children’s game nothing indicates the size of the wooden
pieces. For all we know, they could represent a villa or an industrial shed
with identical density measures. By introducing network density, we can
add the non-built space more profoundly and arrive at an abstract indica-
tion of size of the urban grain.

Network Density

Network density is defined by us as the amount of network per area
unit, and is expressed as metres of network (length) per square metres of
ground area (surface). This measure is related to Metric Reach as introduced
by Peponis et al. (2008)” and defined as the total street length covered by
all paths extending out from one point. Reach is a measure of connectivity
or relatedness and, as we argued above, also a measure to indicate the grain
of the urban fabric. Different from reach, in network density the total street
length is divided by the area covered by these streets. The type of network
included should be made explicit (motorized, bike, pedestrian, or a combi-
nation). To justify the choice of network as a fundamental characteristic of
urban areas, the following section looks at the basic elements of the urban
ground plan as defined in morphological and quantitative research.

We use the arguments of Conzen, the founder of the British school
of morphology, in defining the main research entities of the urban land-
scape. The spatial entities identified by Conzen as essential to the town plan
(or ground plan) are the street system, the lot pattern and the building con-
figuration. These three entities are similar to the distinction made by Jan
Heeling, et al. in De Stadsplattegrond between the public streets (street sys-
tem) and private islands (consisting of lots and buildings) or between the
layer of movement and occupation.” @ The combination of streets and a
series of islands surrounded by these streets constitute the urban fabric, or
tissue. The main task of a designer, according to Heeling, et al., is to com-
bine these two in the best possible manner.
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Conzen and Saverio Muratori describe the lot as the most conservative entity
within a morphological complex.” Heeling, et al., on the other hand, focus
more on the public street pattern and its relation to the private islands. As
Erik Terlouw illustrates, the lots in most Western European towns founded
in the twelfth and thirteenth centuries developed in a way known as the
‘burgage cycle’™ The lots of the original layout (approximately 650 m2)*’
were divided lengthwise and the backside of lots and the alleyways, con-
necting the front- and backside, were developed resulting in smaller lots
(of approximately 150 m?2). The street pattern, however, remained mostly
intact and was more resistant than the lots. This robustness of the network
(and the islands defined by the network) makes it appropriate to view net-
work and islands as the basic entities of the town plan.

The mutual dependence of streets and islands is important in un-
derstanding the ground plan. Street space, to use the words of Stephen
Marshall, constitutes ‘the basic core of all urban public space forming a
contiguous network by which everything is linked to everything else. This
continuum is punctured by lots of private land.*® For one, built floor space
generates movements and causes flows (people, cars, etcetera) that need
to be facilitated by the network. In addition, the open space of the network
enables light to access the buildings and influences privacy, depending on
the profile width and the size of the islands. Compactly developed islands
can be compensated for by wide street profiles and vice versa. This whole
interrelatedness of network, islands and building bulk should thus be at
the core of a new definition of density.
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Much has been researched and written on the role and character of the net-
work in the urban landscape at different scale levels.” One perspective can
be historical or morphological, another more technical (traffic engineering),
or more concerned with the function of the network as a public space. Here
it is important to note, however, that we do not aspire in this book to pro-
vide any exhaustive description of the form and/or function of the urban
network, but to focus on its primary measurements and its relation to built
density. Neither will we focus on its configurative properties as discussed
extensively in Space Syntax research,’’ but instead highlight the local prop-
erties that affect the potential for these kinds of movements within reason-
able ranges of walking distance,” but also the sizes of the islands and thus
potential uses of them.

The function of the public (street) network in a city or town is thus
two-fold. For one, it facilitates the different modes of movement taking
place in the urban fabric and provides access to the islands. It also defines
the urban layout by dividing land into public and private land. We follow
here the line of reasoning employed by Leslie Martin and Lionel March,
Heeling, et al. and Marshall.*” They argue that the street grid (network) and
the ground plan are the framework for urbanization.

The measurements of the network and the grain of the urban fabric,
as mentioned by Manuel de Sola-Morales are decisive in establishing the
relationship between general form and built content: smaller blocks (or is-
lands) provide the greatest proportion of public ways and overall exposure
ratio (fagade length to area).” Jacobs argues for small blocks to stimulate
city liveliness.”* Amis Siksna underlines Jacob’s arguments in the article The
Effects of Block Size and Form in North American and Australian City Cen-
tres.” He argues that in cities with small- or medium-sized blocks, the street
layout remains intact, whereas in cities with large initial blocks, the layout
is modified by the addition of streets and alleys, creating smaller blocks and
sub-blocks. Size thus matters, and the most fundamental measurements in
the urban plan are related to the network.

Adding network density as a primary indicator of the density concept
increases its capacity to indicate important primary measurements of the
urban landscape and describe important aspects of urban form. We demon-
strate later that combining the network and built density allows us to intro-
duce measures to an otherwise scale-less density concept. In addition, it
enables the analysis of a range of properties that are characterized by the
relation between serviced and served, between network and islands, lots
and buildings.

Network density at the level of the urban fabric can be viewed as a
specific example of a general transition density concept. With transition den-
sity we refer to the level of concentration of borders of different entities in
a certain area. A border demarcates two locations. A fundamental change
takes place when this border is crossed. The intensity of transitions in an area
can be described as transition density. In a dwelling, the walls separating
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different rooms constitute the borders of transition, in a building these are
the fagades, in a building block these transitions are the borders of the lots.
At the level of the urban fabric this can be defined as the public network (a
zone of transition defined by street width), and at the level of a distric, the
edges of the urban fabric that constitute the district define the transitions
between one fabric and another (precise definitions of the different scales
follow later in this chapter). In this research we focus on the transition den-
sity on the level of the urban fabric, that is, network density.

Multivariable Definition of Density

We suggest that a multivariable density concept consisting of the three
fundamental indicators intensity (FSI), compactness (GSI) and network den-
sity (N) can offer a method that is specific enough to allow for the definition
of urban types, as well as economic enough to ensure that excessive amounts
of data can be managed without drowning in too many over-detailed defini-
tions. We maintain that this multivariable density model is a balanced concept
that can be positioned between the too detailed — and thereby non-generic —
and the too abstract—and thereby too inclusive — representations, and can
distinguish between basic spatial properties. In the next section, we will
demonstrate these three main indicators, which are both effective enough
to be able to differentiate (by constructing types) and economic enough to
fit the adagio of Occam’s razor: whenever something can be described in
more fundamental terms, it should be done $0.%¢

To be able to compare areas and plans, it is important to agree upon
accurate and generally accepted definitions. In this section, we suggest a
consistent set of equations and variables that can be used in this multivar-
iable density approach.

Four Variables to Calculate Density
The four variables needed to calculate the basic indicators FSI, GSI
and N, are:

— Base land area (A);

—— Newwork length (1);

—— Gross floor area (F);

—— Built up area, or footprint (B).

In the following sections we formulate workable definitions for these variables.
Base land area (A)
The definition of the unit of analysis and its boundaries can be defined

in various ways. This is of particular importance in cases where areas are to
be compared or used as references and when correlations, or associations,
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between two indicators are tested, but also for the description of an area in

general. There are roughly three ways of defining area boundaries:

—— Administrative boundaries that define, for instance, cadastral units,
postal units”” or other institutional units such as municipalities and
neighbourhoods;

—— Projected boundaries, such as an arbitrary grid of cells, often used in
GIS applications;

—— Generated boundaries based on, for example, morphological charac-
teristics.

One of the advantages of administrative boundaries is that most statistical
data is available for these units. That was the reason that VROM, the Min-
istry of Housing, Spatial Planning and the Environment, recently used the
four-digit postal code areas to identify deprived areas (probleemwijken), neigh-
bourhoods judged as having socioeconomic problems.* This method can
be criticized as inadequate, as postal areas and neighbourhoods often do
not coincide. The system of postal codes was developed in 1978 to econo-
mize the sorting of letters. Today, it is also used to analyse postal areas as
in the example mentioned. However, area measurements such as the four-
digit postal code areas, have an inbuilt ‘ecological fallacy’ well known in
geography as ‘“The Modified Area Unit Problem’ (MAUP), which basically
means that statistics are arbitrary since the definition of the ‘area’ is sub-
jective.” The main issue of concern related to the MAUP is the scale effect,
which is atcributed to variation in numerical results, owing strictly to the
number of areal units used in the analysis. The larger the area of aggregation
and the greater the diversity in the aggregated parts of that area — the more
the variation is lost in the calculation making the results more abstract and
less relevant for urban planning and design. If, instead of postal areas, mor-
phologically defined neighbourhoods had been chosen to define deprived
areas, the selection would probably have looked different. Furthermore, the
methods used to define them differ from one municipality to the other.”
In rural areas, boundaries mostly follow the topography of the landscape;
in urban areas socioeconomic criteria are more important for determining
the boundaries.

Projected and generated boundaries have the same problem, but are
at least more open to be adjusted in accordance to the research question.
The main difference between the two is that the first, the projected bound-
ary, aims to control the geography and its content ‘top-down’, while the
second, the generated boundary, analyses it ‘bottom-up’.

In our opinion, the third method of drawing boundaries is more suit-
able when relating density to spatial properties. By letting the macter itself
define its boundaries, the artificial straightjacket forced upon that which is
analysed is minimized. This requires, however, a sensitivity to local mor-
phology and changes in density gradients when establishing the boundaries.
Definitions of morphological properties that define the border, such as walls,
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plots or networks, and of the amount of homogeneity required of the com-
ponents that make up the aggregation at hand, can help guide the demar-
cation. Besides defining the morphological boundaries based on such prop-
erties, the areas can also be depicted based on accessibility where the bound-
ary is generated based on the reach from a specific point and thus describes
what we could call a ‘walkable neighbourhood’” This approach is more easily
translated into algorithms that make the analysis of entire cities and regions
possible using geographical information systems (GIS). Furthermore, it makes
it possible to change the distance that defines the walkable neighbourhood
and apply it, for example, to the quarter-hour city that was launched by the
mayor of Paris, Anne Hidalgo, in 2020. The idea of the quarter-hour city is
that every resident can meet their essential needs within a short walk or bike
ride from their home, but the same method could be used to measure the
density within the boundaries of the quarter-hour city.

In relation to the MAUP, it is important to clarify another aspect:
the difference in density at different scale levels. In his dispersal and con-
centration theory, Tacke De Jong paid particular attention to the nature of
different scales.”” The larger the area and the greater the variation in parts
of the area, the more statistical in nature the index (dwellings per hectare
or FSI) will become. In addition, the more variation is lost in the calculation,
the more abstract and less formally relevant the result is. It is for this reason
that a study by the University of Geneva defines an upper and lower range
for the size of an urban fabric: between 0.5 and 8 hectares.” In the BYGG
report of 1962, this range was set between 1and 3 hectares.” We do not use
such limits as our conclusions depend more on the consistency, or homo-
geneity, of the urban fabric than on the size of the area. The Bijlmermeer
example discussed earlier, for instance, measures more than 30 hectares,
but consists of only two large high-rise slabs in a park surrounded by streets.
It would be incorrect to exclude this example solely because it is considered
to be too big. Working with densities means accepting the arrogance of the
average —because of its productive advantages —but at the same time elab-
orating on the (more or less) divers characteristics of the components that
constitute this average.

Knowledge of the differences in density at different scale levels is of
great importance. When working at a small scale, for instance at the scale
of a building or lot, or at a larger scale, such as the whole city or region, new
components can be constructed as aggregates of smaller components. In
most cases this is accompanied by the addition of a certain surplus, or tare
space. Tare space is commonly defined as the difference between gross and
net areas. Later we provide a definition of tare space which is solely char-
acterized by densities at different scale levels. We will later also return to
ways to gauge homo- and heterogeneity on different levels of scale.

The units and aggregations of analysis we use in this book, illustrated
by two schemes representing respectively a traditional closed perimeter build-
ing block (left) and a modernist open building block (right), are as follows €@:
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Lot

Island

Fabric

Tare 60%

Tare 0%

Tare 30%

Tare 45%

Tare 50%

Tare 40%

— Boundary line
M Tare space
M Built space
[J Open space

Building. The area of the building is the same as the built area or
footprint. The borders of the built area are defined by the edges of
the building footprint. We use the definitions as published in the
Dutch standard NEN 2580.”

Lot. The area of the lot (also referred to as parcel or plot) is the sum
of built and non-built (predominately private) areas designated for
building. The non-built area is the tare space between building and
lot. In residential areas, these non-built areas (tare space) are mostly
used for gardens. In some cases, the lots comprise built areas only
and thus correspond to the building; no tare space is added. The
borders of the lots are defined by the legal boundaries specified in
the cadastre.

Island. The area of an island,”® also referred to in the traditional city
as an urban block, comprises the lots and, in some cases, non-built
space not designated for building. These non-built spaces constitute
the tare space between the /ot and island. Some examples include
playing fields, small squares or parking areas. The border of an island
is defined by the surrounding public streets. When there is no bor-
dering street, the periphery of the island is set by the lot boundaries.
Fabric. The area of the fabric is similar to the scale and definitions
used for a plan unit, as described by Conzen, and the tessuto, as used
by Gianfranco Caniggia.”” The urban fabric consists of a collection
of islands, as well as the network that surrounds these islands and
is required to access the islands. These access streets primarily serve
to access the private lots and buildings.”® Circulation streets on the
other hand are primarily used to move from one urban fabric to the
other or across the city. When linear green or water elements such
as the canals in the Grachtengordel in Amsterdam are part of the
street pattern, these are considered as part of the network as well.
The network area constitutes the tare space between island and fab-
ric. The boundaries of the fabric are drawn in the middle of the access
streets. In circumstances where there is no street, the boundaries of
the fabric are set by the lot boundaries. The size of the fabric is deter-
mined by the level of homogeneity (spread) of the different islands
within chat fabric.

District. The area of the district is similar to the town plan introduced
by Conzen or the neighbourhood (buurt) defined by Van Lohuizen.
The district is composed of a collection of fabrics and large-scale
non-built areas not included in the fabric itself, such as circulation
streets,” parks, sports fields and larger water areas. These constitute
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the tare space between fabric and district. The boundaries of the dis-
trict are drawn in the middle of the circulation streets. In cases where
the access streets are also used for circulation, the boundary of the
district coincides with that of the fabric.

Tare space of the areas at
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Network Length (1)

At the scale of an architectural object, the network of, for instance,
a multifunctional high-rise tower consists of stairs, corridors, elevators and
other spaces needed for pedestrian circulation within the building. At the
scale of the district, the network consists of circulation streets, rails, roads,
canals and so forth. At the scale of the urban fabric, which is the focus of
this book, the network is the access street, which in older parts of the city
coincides with the circulation street. In functionalist plans, different mo-
dalities are often separated, and access streets do not coincide with circu-
lation streets. A common characteristic of physical networks is that they
function as access to the areas served. In the case of the urban fabric the
street (that is, network) gives access to an island, in the case of a building
the corridor (that is, network) gives access to a dwelling or a room. The
network can be defined for all sorts of modalities, each of them taken sep-
arately or all together. It is important, however, to make the selection ex-
plicit, whatever modalities are used. For the samples of this book the car
network was used to define network length.

In addition, one must differentiate between internal and external net-
works @. ‘Internal network’ refers to all networks that do not coincide with
any fabric demarcation. ‘External network’ refers to the network divided
in half by a fabric demarcation. Only half of the external network contrib-
utes to the fabric as the other half ‘belongs’ to the surrounding fabrics. In
practice, this implies that the entire network length inside a sample is meas-
ured and to this measure is added half of the network that circumscribes
the sample.

Gross Floor Area (F)

The definition used here is taken from the Dutch standard NEN 2580.%
The basic rule is that the gross floor area of a building is the sum of all sur-
faces, measured per floor, along the perimeter of the partitions that surround
the building, including underground floor area and floor area under a pitched
roof @. Voids and wells are not included as long as the area is greater than
4 m?2 Occasional niches or recesses and irregular protrusions do not have to
be taken into account, as long as the area is less than 0.5 m?2 Exterior spaces,
such as loggias, balconies, uncovered walkways, roof terraces, etcetera are
not included in the gross floor area calculation of a building. In addition,
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— Interior network
-- Exterior network

Interior and exterior streets
of two urban fabrics.
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open fire escapes and emergency stairways are not included when calculat-
ing the gross floor area.

Built Area or Footprint (B)

When establishing the built area, the same definitions outlined above
for gross floor area are used. The built area is thus defined as the floor area,
measured at ground level along the perimeter of the dividing partitions of
the building, and excludes overhanging or underground built areas. &
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. . 81
Basic Indicators

Network Density (N)

The density of the network, N, refers to the concentration of net-
works in an area, in our case the fabric. The density of a network is defined
as network length per square metre of base land area (m/ m2), and is calcu-
lated as the sum of the whole internal network and half of the length of the
network used to demarcate the base land area. The unit of the outcome is
metre of network per square metre of fabric area.

O N,=[3IL+(Fl,/2)]/A,

|, = length of interior network (m);
I, = length of edge network (m);
A, = area of fabric (m?2).

Building Intensity (FSI)

FSI reflects the building intensity independently of the programmatic
composition and is calculated as follows for all levels of scale as described
earlier:

@ FSI=F /A,

F, = gross floor area (m?);
A, = area of aggregation x (m?);
x = aggregation (lot (1), island (i), fabric (f), or district (d)).

Coverage (GSI)
GSI, or coverage, demonstrates the relationship between built and non-
built space and is calculated as follows for all levels of scale as described earlier:

© GSI,=B/A,

B, = footprint (m?2);
A, = area of aggregation x (m?);
x = aggregation (lot (1), island (i), fabric (f), or district (d)).

Derived Indicators

We can derive a series of indicators by using the basic ones defined
earlier, FSI, GSI and N. These will contribute to describing the spatial prop-
erties of urban areas and explore the potential of densities in relation to
urban form and performance. We elaborate on these issues in the following
chapter, using the indicators introduced here. The derived indicators point
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to an abstract quality and should not be interpreted in a literal way. The
first two we will discuss are building height and spaciousness and both con-
cern the relation between the built and non-built space.

Building Height (L)

The average number of storeys (or layers), L, can be arrived at by as-
certaining the intensity and coverage or, FSI and GSI, for the aggregation
x. If more floor area is developed in a certain area, without changing the
footprint, L will increase. If the building height should remain constant,
then FSI and GSI have to increase.

O L-FSl/GSI,

Spaciousness (OSR)

The variable OSR, or spaciousness, is a measure of the amount of
non-built space at ground level per square metre of gross floor area. This
tigure provides an indication of the pressure on non-built space. If more
floor area is developed in an area (with the same footprint), the OSR de-
creases and the number of people who will use the non-built space increases.
The unit of OSR is m?/m?.

© OSR=(1-GSI)/FSI,

Tare (T)

One important feature of density is its characteristics at different
levels of scale. The difference in base land area (A ) between two levels of
scale define the tare (T,), also often described as the difference between
net and gross. If T describes the tare between, for instance, fabric (x) and
island (x — 1), then T can be arrived at through:

o Tx=(Af_zAx—1)/Ax
X = aggregation x;

x -1 = level of scale of the components
of which aggregation x is composed.

If the coverage or intensity is known for both fabric and island, then tare
can be defined purely through density indicators. In the case of the fabric,
the following applies:
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@ T,-1-GSI/GSI

O T,=1-FSI,/FS,

The relationship between tare and built densities on different levels of scale
can be generalized as follows:

®© T,=1-GSI/GSI_,

® T,=1-FSI/FSI_,

As the amount of privately issued land, PIL is the negative, or the remaining
part, of tare, PIL can be expressed as follows:

® PIL=1-T,

® PIL=GSI,/GS|,

3] PIL=FSI,/FSlI,

Grain of the Network and Street Profile Width (w and b)

Network density can be used to calculate an indicative grain size (w),
or the distance from street to street in a square grid of the urban fabric,
using the following formula:

(14 w=2/N;,

A high network density (N) corresponds to a small mesh of the urban layout
and alow N to a large grain. Combined with the tare of the fabric (T,), one
can arrive at the profile width (b). The relationship between these variables
can be described as:

® b=2[-V(1-T)I/N,

or, combined with @:

©® b=2(1-V(GSI,/GSI)/N,
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Representation of Density

Spacematrix

To be able to simultaneously assess the three main indicators FSI,
GSIand N, a three-dimensional diagram has been constructed, the Space-
matrix: FSI on the z-axis expresses the built intensity of a certain area, GSI
on the x-axis is an indicator of the compactness of the built environment,
and N on the y-axis describes the network density, and is as such an indi-
cator of size of the urban layout. @ For every selection of an urban land-
scape, all entities of its composition can be positioned in the Spacematrix.
The position of a district, for instance, is composed of a cluster of fabrics,
which are composed of a series of islands, and so on. All the necessary in-
formation of the derived indicators described above is present through the
position of all parts (absolute and relative). This means that an area can
be represented by many mediators, such as maps, photos or text, but also
through its density fingerprint, expressed as a series of positions in the
Spacematrix. This spatial DNA of an area offers much data (absolute and
relative) to analyse and make explicit certain spatial properties of the area.
These can serve as input for the understanding of and speculation on other,
non-spatial properties.
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Separate projections of the Spacematrix are in the present context necessary
due to limitations in data management and representation (and thus com-
munication) of the results. The projection FSI (GSI) in the Spacematrix, the
Spacemate, is shown in @. Here FSI on the y-axis gives an indication of the
built intensity in an area and GSI on the x-axis reflects the coverage, or com-
pactness, of the development. The OSR and L are gradients that fan out
over the diagram. OSR describes the spaciousness (or pressure on the non-
built space), and L represents the average number of storeys.

Based on @, another diagram can be constructed with network den-
sity (N,), profile width (b) and tare space (T,) as shown in @. The N on the
y-axis denotes the network density of the urban layout, and b on the x-axis
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the profile widch of the streets. The tare space as a percentage of public
space in a fabric is shown as gradients in the diagram. With two known indi-
cators the third can be derived from the diagram.

(7] T=1-(1-bxN/2)?

(1) PIL=(1-bxN/2)2

Scale and Variation

Two aspects of the urban landscape that can be gauged with the help
of the Spacematrix are scale and homogeneity. The multivariable density of
the different aggregations — building, lot, island, fabric and district — convey
not only absolute values of the different aggregations, but also the relative
values in the form of tare. A fabric composed of a certain amount of islands
will be positioned at a position closer to the origin of the diagram (lower
GSI and FSI) than the average of the islands. @ @ The (relative) distance
between the two describes the amount of tare present as network in the
fabric. In fabrics composed of high-density islands and scarce public net-
work (narrow alleys and large blocks), the resulting fabric will have a position
relatively close to that of the islands. In a case where islands are surrounded
by a vast space of (modern) infrastructure, the positions will be further apart.
In the first example liccle tare is added to the islands as in the second a large
amount is added. This is true at all levels of scale.

Besides the scalar composition that can be gauged through the Space-
matrix (and the Spacemate), the amount of homogeneity versus heterogeneity
of the aggregations can be represented. Every aggregation can be represented
both as an average of its components and with specific values for every single
component that form the aggregation. The average is the density value of a
certain level of scale, the specific values of the components form a larger or
smaller cluster around this centre of gravity. In the case of pure repetition,
and thus absolute homogeneity, the positions of every component and the
average coincide. The heterogeneity of an area is represented by the size of
the spread, or cluster, of components. The character of the spread can of
course differ in pattern, from a single deviation from a large bulk of relative
homogeneity, to a symmetrical and balanced spread of the components. €@

The complete data picture can thus be said to form the DNA, or
spatial fingerprint, of a specific area. A fabric will in the Spacematrix be
characterized both by the average values determining the positions of the
different scale levels (district, fabric, island, lot and building), and by the
size of the spread of the individual components. Some of the indicators are
directly present through positions in the Spacematrix. Examples of these
are GSI, FSI, N, L, OSR and w. Others achieve their value through the rel-
ative values of the different levels of scale. Examples of these are tare and
profile widch (T and b).
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Density Calculations of Four Examples

To illustrate the differentiating potential of Spacematrix, we can use
four of the samples from Amsterdam discussed earlier: Grachtengordel, De
Pijp, Betondorp and Zuidwest Kwadrant. @ @ @

Grachtengordel and De Pijp

The Grachtengordel (1613) and De Pijp (1875) are both examples of
fabrics with traditional building blocks composed of many individual lots.
In the case of the Grachtengordel, these lots were developed individually,
while in De Pijp building developers sought to pack as many dwelling units
as possible into relatively small blocks. The Grachtengordel was developed
as an extension of the medieval city, which, due to the economic growth at
the end of the sixteenth century, had become overcrowded. The urban fab-
ric is characterized by an orthogonal and rational layout of streets, canals
and blocks and is not based on the underlying landscape or the adjacent
older fabric. De Pijp, on the other hand, was shaped by the existing land-
scape. This resulted in a smaller grain, and because of speculation, a lack of
canals or other costly elements. Despite the similarities in building type,
the network patterns are racher different in terms of size: measurement of
the islands and the width of the street profile differ significantly.

103  Density Calculations of Four Examples

1 Relative homogeneity.
Variation in height

2 Relative heterogeneity.
Variation in height and
coverage

OSR

0.15

0.25

0.35
0.50

Two traditional closed
perimeter building blocks
with differing variation.



Grachtengordel [NL]

Betondorp [NL]

104

De Pijp [NL]

Zuidwest Kwadrant 2 (Osdorp) [NL]

MULTIVARIABLE DENSITY: SPACEMATRIX

Two examples:
Grachtengordel and
De Pijp.

Two examples:
Betondorp and Zuidwest
@ Kwadrant (Osdorp).

FSI

2.60

0.035

0.030

0.025

0.020

0.015

0.010

0.005

0.000

L 13 12 11 10 9

(&)

0.00 0.10 0.20 0.30

0.40

0.50

GSlI

The residential density in Grachtengordel is 65 dwellings per hectare and
in De Pijp 165 dwellings per hectare.*” This confirms the conclusion that
dwelling density has a weak relation to building type. The Spacemate den-
sity (FSI and GSI) of the Grachtengordel and De Pijp is, however, fairly sim-
ilar. Both have an FSI, of approximately 2.0 and, with almost 50 per cent
of the fabric built upon, a GSI; of 0.50. At the scale of the island the values
are similar as well.”’ As the built densities (FSI and GSI) are similar ar the
scale of the fabric and the island, the tare space is the same in both cases:
approximately 35 per cent of the fabric is used for access streets. In the case
of the Grachtengordel, this public (tare) space is concentrated in a few wide
streets (including canals). In De Pijp the tare space is evenly distributed over
the fabric, resulting in a lot of narrow streets. This difference becomes clear
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when network densities and profile widths are compared. In the Grachten-
gordel N is 0.012 and b is 32 m, while in De Pijp N is twice as high and b
more narrow (0.023 and 18 m respectively).** Both morphological similar-
ities and differences can thus be expressed using the three indicators FSI,
GSIand N.

Betondorp and Zuidwest Kwadrant

Betondorp was developed in the early 1920s when Amsterdam was
struggling with a housing shortage. The dwelling density of this low-rise
development is similar to the Grachtengordel, with 70 dwellings per hec-
tare. The Spacemate density, however, is much lower: the FSI_is 0.58 and
thus almost a fourth of the FSI, in the Grachtengordel and De Pijp. In Zuid-
west Kwadrant in Osdorp, the closed (perimeter) blocks of the inner city
have been transformed into half-open blocks that allow light, air and green
space to penetrate the islands and the buildings. The dwelling density of
50 dwellings per hectare is lower than in Betondorp. The FSI,, is, however,
higher: 0.75. As both areas, Betondorp and Zuidwest Kwadrant, are rather
monofunctional (housing), this can only be explained by the difference in
dwelling size. The coverage (GSI) in Betondorp is 0.30 while in Zuidwest
Kwadrant only 0.15, leaving large amounts of non-built space. The lower
coverage in Zuidwest Kwadrant is compensated for by the higher buildings
that create a higher FSI than in Betondorp. Again, the multivariable approach
is valuable when discussing urban form. When looking at network density,
it is interesting to note that Betondorp and De Pijp have similar values,
indicating that the grain of the urban layout is similar in both cases. Beton-
dorp, however, has narrower streets (11 m). The Grachtengordel and Zuid-
west Kwadrant both have larger islands and wider streets. Although the
building types are different here, the street patterns show structural simi-
larities in terms of grain size and street width.
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DENSITY AND URBAN FORM

In the following sections, the Spacematrix method and its definitions are
used to investigate the correlation between density and urban form.

The hyporthesis is that urban density exercises limitations that to a
significant degree determine the conditions for urban form. These limita-
tions develop in the context of constraints. Some are geometrical and phys-
ical, others are individual (preferences, biography and talents of the design-
ers), or collective (professional doctrines) and many are societal (rules, laws,
levels of material wealth and acceptable standards). The multivariable ap-
proach to define density suggested in the previous chapter, in combination
with the constraints present at a certain place and moment in time, exert
specific limitations on the potential possibilities for urban form. This occurs
to such an extent that it is possible to predict the urban fabric types that
are most likely to occur under given density conditions.'

This chaprter starts with an introduction to the two methods that have
been used to investigate the relationship between urban form and density.
These methods are, respectively, explorative and empirical.

Prescribing and Describing Density The relationship between density
and form has a different character depending on which side of this relation-
ship is being examined. Prescribing density is a situation in which the de-
signer is forced to design to given density conditions so that density is first
formulated and form subsequently emerges. This describes the way the den-
sity concept has at times been used in practice. Building codes and schemes
for the garden city at the beginning of the twentieth century are examples
of this. The opposite is true with the use of density when describing a spe-
cific part of the urban landscape. The form already exists and density is a
descriptive outcome. The analysis and diagnosis of the congested city by
the Society for improving the condition of the labouring classes, discussed in
Chapter 2, are examples of such a descriptive use.

When prescribing density the point of departure is specific (density)
and the outcome is open (built form). This is less the case if a range of den-
sities, prescribed as a limited space in the Spacematrix (or a limited surface
in the Spacemate), is used. The most specific density is characterized by one
position in the diagram, but how open is the outcome? This is an important
question. How much variation in built form is possible under specific density
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conditions? This of course depends on what is viewed as variation and on
the extent to which it is discernible. When each bay window is seen as a var-
iation, an unlimited number of options are present within each density con-
dition. Information that is too detailed distracts from the primal structural
properties that are of importance, particularly in the early stages of urban
planning. On the other hand, if the resolution is not sharp enough, we risk
losing important spatial information and ending up with statistics. However,
wrong selections do not exist, and it is merely a question of levels of resolu-
tion and their usefulness. If the hypothesis holds, prescribing density in the
context of existing constraints imposes sufficient limitations on the resulting
composition of urban layouts that fabric types can be differentiated.
When density is applied to describe (map, represent) a part of the
urban landscape, we begin with a specific instance of built form (empirical
or virtual) to arrive through the use of accepted definitions at an abstract
and specific representation. If there is a significant correlation between den-
sity and form, then one would expect to find regularities and clusters through
which types can be defined. When using the concept of density to describe
(part of) the urban landscape one has to remember that density always works
with averages. This means that individual variations of the entities that are
analysed will be lost when presenting the average. This is less of a problem
when the entities are similar. The problem becomes more serious when there
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is a great variety between them. Any concept describing objects and phe-
nomena around us runs this risk.

A car trip is illustrative of the tension between reality and representa-
tion, diversity and average. If the speed of a car trip is recorded one has to
choose the relevant time frame. If the journey is not divided into shorter
trajectories one ends up with one figure, representing the average speed
for the whole trip. On the other end of the representation spectrum, such
a detailed account of every change of speed throughout the whole journey
is provided that it is merely reconstructed, with all its particular incidents.
The key is to define the appropriate level of detail for the analysis that will
be applied. In the case of describing density, spread and variation can be
described at a variety of scales as was proposed in Chapter 3.

Explorative and Empirical Research

Two research methods have been used in this chapter to investigate
the relation between density and urban form and to examine the way results
can be prescriptively and descriptively used: explorative and empirical research.

Explorative research is based on deductive reasoning and concerns
the geometrical and physical properties of built form and the influences
that invented and real world constraints can have on built form. The use of
formulas to capture basic geometries not only allows one to make compar-
isons between different cases, the use of variables also means that the trends
are made visible. How does the measurement of network influence the rela-
tionship between private and public land? How does concentration of build-
ing mass compare to a peripheral distribution? What are the characteristics
of such different distributions, under the same density conditions, in terms
of building depth, exposure and accessibility? The method resembles the
work of Leslie Martin and Lionel March, L.H.J. Angenot and A. Heimans
discussed in earlier chapters, and allows great freedom to define, combine
and experiment, but is very rigid in its deductive principles of logical rea-
soning and mathematical precision.

Empirical research can be described as inductive. Here empirical data
is used that by definition has been affected by all kinds of real-world con-
straints. The samples used have specific, historical, geographical, cultural,
political and ideological contexts. Changing uses, new standards of accept-
ance or economic pressure might have led to ex- or intensification. The
existence of unique examples is dependent upon there being some inter-
pretative system covering generic concepts. A plethora of individual objects
and events constitute the urban realm which is communicated using general
concepts. Our empirical research uses typomorphological research under-
taken by M.R.G. Conzen and SAR, but places less emphasis on the detail
and contingent properties of the urban landscape. We believe that generic
knowledge can be found in the empirical evidence and that at times too
much emphasis has been placed on details that detract from key issues.
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Applying both of these research methods can tell us about the influence
of design and planning conventions and the changes that they have gone
through. A historical, geographical and cultural interpretation of the empir-
ical material can help to explain what constraints have been important to
the structuring of the urban environment, and the changes in their influ-
ence over time. Chapter 2 to a large extent illustrates this interpretation of
empirical material. Empirical research yields a historical view of individual
and collective knowledge accumulated in the urban landscape. Explorative
research is able to look beyond the constraints of the present and explore
new insights on possible urban forms.

Selection Criteria of Samples

The (empirical) samples used to test the hypothesis have been selected
on the basis of representing a broad spectrum of morphological patterns.
These have been influenced by a variety of constraints, regulations and pref-
erences from one period to the next (historical spread) and from one coun-
try to the other (geographical spread). To limit the number of samples and
constraints, we have focused primarily on samples dominated by housing.
Three criteria for the selection of samples include:

1. Samples should represent different morphological patterns;

2. All historical periods should be represented, from medieval to present-
day urban environments;

3. Samples should have a certain geographical and cultural spread, allowing

an investigation into structural similarities and possible differences.

Morphological Spread

To represent a broad range of morphological patterns different build-
ing types have to be represented. For this purpose we use the three basic
types described by Martin and March: the ‘pavilion’, the ‘street’, and the
‘court’ type.” €@ These are also called point (or nucleated) development, strip
(or linear) development and block (or peripheral) development, descriptions
thac will be used in the following discussion. All three can be found in low-
rise, mid-rise and high-rise solutions. This results in a matrix of nine mor-
phological categories.

A wide range of network patterns should also be included. € Here
we rely on the work of Manuel de Sola-Morales and Amis Siksna. De Sola-
Morales states that the measurements of the urban pactern are decisive for
the relationship between general form (street pattern) and built content.’
Siksna distinguishes three categories of block (or island) size in his study
of the robustness of the city layout of North American and Australian city
centres.” They are small blocks (less than 10,000 m2), medium sized blocks
(between 10,000 and 20,000 m?2) and large blocks (larger than 20,000 m?).
In general, European blocks are smaller and therefore a category of blocks
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with a size of less than 5,000 m2 has been added to Siksna’s categories to
match the European context.

Historical Spread

In Chapter 2, four periods in Dutch history of urban developments
were described. The selection of empirical samples is based on the same
periods. A subdivision of the third period (1900—1970) has been made to
achieve a better representation of this turbulent period, characterized by
huge contrasts in doctrines and resulting urban form. The first part covers
the period just after the introduction of the Housing Act in 1901 and can be
characterized as a period in which plans no longer were merely pragmatic
land-division plans for the development of the commodity housing. Social,
political and aesthertical ideals started to play a greater role. The second
part begins after the Second World War with the rebuilding of the Nether-
lands. It is defined by a state-coordinated realization of the modern ideals
expressed in the 1930s by CIAM.

The described periods, covering the time from 1350 to 2000, gen-
erally coincide with a cross section of Dutch cities. It includes their first
extension areas from the inner city during the seventeenth century, the
nineteenth-century expansions and the twentieth-century move to the out-
skirts. The selection of empirical samples is aimed at having a wide rep-
resentation of different morphological and network patterns within each
historical period, but this was not always possible for the simple reason that
not all patterns were present in each period.
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Geographical and Cultural Spread

To allow us to compare Dutch practice with other geographical and
cultural points of reference, we have compared Amsterdam to four other
European cities: Berlin in Germany, Barcelona in Spain, Stockholm in Swe-
den and London in the UK. Furthermore, a comparison with four Asian
cities is included to investigate whether the method developed also applies
to very different conditions, both culturally and geographically.

The five European capital cities have experienced periods of inten-
sification, city growth and stagnation with rapid expansion starting in the
nineteenth century to accommodate population growth and the rural-urban
migration that fuelled increasing industrialization. In Berlin, the Greater
Berlin Act of 1920 boosted the population by incorporating many hitherto
autonomous towns and cities and the city reached almost 4.5 million inhab-
itants by 1942 Barcelona, on the other hand, did not grow in terms of ter-
ricory until 1860 when the construction of an expansion plan was initiated.
Therefore, at that time, Barcelona had one of the highest population den-
sities in Europe, double that of Amsterdam: 850 inhabitants per hectare in
Barcelona compared to 400 inhabitants per hectare in Amsterdam.® London
showed a continuous growth from the start of the nineteenth century until
the Second World War, when London counted 8.6 million residents,” while
Barcelona counted only 1.8 million inhabitants. Stockholm, where urbani-
zation started later than in the other cities, but continued to grow in terms
of population even during the Second World War, had just over 800,000
inhabitants in 1960, comparable to Amsterdam at that time.”
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During the period of rapid urbanization (1815-1900), the layout of Berlin
developed under very liberal planning policies that encouraged land and
building speculation. This resulted in notorious housing conditions in the
so called Mietkasernenstadt, which acquired the dubious reputation of hav-
ing the worst living conditions in Europe.” The same laissez-faire politics
was dominant in Amsterdam, but because the characteristics of land and
urban layout were to a large extent influenced by natural factors such as
existing ditches, rather small and narrow city blocks were the outcome. The
city expansion in the same period in Barcelona was again very different. A
detailed survey preceded a master plan by engineer Ildefonso Cerda that
consisted of a street layout with large square blocks. Joan Busquets describes
in his book Barcelona, the Urban Evolution of a Compact City the outstand-
ing nacure of this plan by Cerda and suggests that Cerda should be included
in the list of ‘founders’ of modern urban planning along with Reinhard
Baumeister, Joseph Stiibben and Raymond Unwin." In terms of population
density, Barcelona’s medieval neighbourhoods score highest in the inven-
tory made by Alasdair Rae in 2020 with more than 500 inhabitants per
hectare, followed by nineteenth-century neighbourhoods in Stockholm,
Amsterdam and Berlin with just over 200 inhabitants per hectare."

Intrinsic Properties of the Island

Explorative Research

Prior to the empirical search for regularities and correlations between
density and urban form, some questions should be formulated about the range
of possible solutions under certain density conditions. How many possible
solutions, or actualizations, can be expected under specific density conditions?
And if density can be seen as a condition that limits the amount of possible
solutions (internal constraint), what other conditions (external constraints)
can be named that further diminish the amount of solutions that are probable
to be actualized in the real world under certain density conditions?

As mentioned earlier, it is commonly accepted that there is little to
no correlation between density and urban form. This presupposes that under
a certain density the building mass can take any form: ‘Anything goes.’ This
misconception, in our opinion, is partly caused by the too rough resolution
of existing and commonly used density definitions. Using one variable, such
as dwellings per hectare or FSI, relies on a far too blunt instrument to make
enough sharp differentiations which can be used to construct types or classes.
This means that too many examples, or instances, fall under one density
value (for example 40 dw/ha), and important differences in properties (such
as basic urban form) are drowned. At the other extreme of the spectrum,
atcempts to capture the complexity of reality that are too detailed run into
the opposite problem. The huge respect for difference demands an almost
endless amount of properties to be registered. In the end, only very few
instances fit a singular compound of descriptions, and the number of classes
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approaches infinity. Descriptions that are too detailed reproduce a complex
reality and leave little space for type constructions and generic conclusions.
The balance between the type descriptions and the number of variables is
at stake here. @ One reason that the Spacematrix method is appropriate
for the purpose of differentiating between basic urban forms could be that
the quantity of indicators used and their content fits nicely with the quan-
tity of commonly used descriptions of urban landscapes. This speculative
assumption would turn into a reasonable explanation if the empirical inves-
tigation shows significant correlations between this multivariable density
and urban form.

To investigate these conditioning aspects of density on the options
for urban form, two experiments were set up. First, a series of design exper-
iments were organized with students from Delft University of Technology,
Masters in Architecture and Urbanism."” Many models were produced exem-
plifying various density conditions.” Secondly, combinatorics was used to
illustrate the deflation of the space of solutions.

Design Experiments

The models produced by students during the workshops ranged from
transparent (dominated by voids) to compact (dominated by mass), from
low-rise to high-rise, and from spacious to dense. Without specifying any
additional constraints this resulted in a pure geometrical system of forms
in which only mass could be distinguished from open space. However, the
constraint of the material and individual preferences in all cases limited the
formal solutions.

The students were initially asked to design models with FSI 1.0, result-
ing in spatial solutions ranging from a concentrated tower of ten storeys
to an evenly spread-out mass of one storey. @ In other words, the FSI was
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achieved by working between the extremes of concentrating the building
mass or dispersing the same amount of mass. The first strategy resulted in
avery low coverage, while in the second no open space remained. In a sec-
ond step, the students produced models based on a given FSI and GSI, in
this case 1.0 and 0.2 respectively. The models demonstrate that plans with
the same compactness still show considerable variation in building mass
configuration. This is mostly due to the scale of individual buildings. @ The
building mass becomes dominant when using small dimensions as it is spread
over the model, particularly if the GSI increases. @ The building mass is
concentrated, as is the open space, when smaller building units are com-
bined into bigger blocks.

Even with the shrinking of the bandwidth to a smaller interval (for
instance from ‘FSI between 0.5 and 1.0’ to ‘FSI between 0.5 and 0.6’), or to
a specific value (‘FSI of 0.55°) and with the addition of more indicators, such
as GSI, the possible actualizations of designs still seems infinite. Surely, with
a hypersensitivity to differences — every different position of a bay window
means a unique actualization, for example — the possibilities are indeed in-
finite. However, few, many, or no bay windows are not relevant here; such
variation does not upset the predefined types, and all fall neatly into a cat-
egory independently of these — for this purpose — minor differences. Still,
even with a rougher typological resolution, a huge amount of possibilities
remains. Theoretically, even if ‘anything does not go’, an infinite amount of
solutions can be actualized. However, the size of the ‘space of solutions’ is
further narrowed by what were earlier termed external constraints. The re-
ality of measures and real-world constraints cuts away many theoretically
possible solutions. Among other things, physical, economic, social and aes-
thetical requirements limit the possible solutions under a specific density
value or bandwidth. One can compare this to the possible solutions for the
amount of buttons on a shirt. Everything from one to 100 buttons would
work. However, in most cases we find between five and eight buttons on
produced and worn shirts. In the same way, theoretically, a closed perimeter
block is possible to design, build and inhabit with a very low density if the
building depth is 1 m instead of the 10 to 15 m usually encountered at our
laticude. However, the extreme costs and the inconvenience of the plan puts
an end to the option before it even gets the chance to be formulated. In
reality, the existence of such a case is statistically insignificant, as are many
other possibilities on the periphery of that which is possible. The reality of
spatial requirements (plan organization, access); urban physics (daylight,
ventilation, noise); social organization (size of development unit, property
structure, regulations); and preferences and acceptance (privacy, view), just
to mention a few, quickly shrink the space of solutions.

As the workshop described above progressed, the scudents were con-
fronted with external constraints such as minimum and maximum building
depths, minimum distances between buildings, degrees of variation, etcet-
era. A total of more than 100 models were developed that demonstrated a
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Student models with
identical FSI of 1.0 (student
work MSc3, Delft Univer-
sity of Technology, 2004).

Student models with
identical FSI of 1.0 and GSI
0.2 (student work MSc3,

Delft University of Technol-

ogy, 2004).

Student models with
identical FSI of 1.0 and GSI
0.4 (student work MSc3,

Delft University of Technol-

ogy, 2004).

narrowing of (formal) variation as a result of the prescribed constraints.
What took place during the workshops could be described as the transition
from a situation without limitations to a more detailed set of rules spelling
out the requirements. The initial, deliberately prescribed, conditions were
formulated in terms of FSI and GSI. These constituted two basic conditions
that limit the primary distribution of building mass. In a world where no
other guiding principles would be present these conditions seem to be very
open, as the models indeed showed. We could then rightly claim that ‘almost
anything goes’. In the real socio-spatial material world, however, numerous
constraints exist. The workshops showed that imposing some simplified
versions of these real-world requirements generated solutions that struc-
turally and formally moved closer to each other in the direction of recog-
nizable urban types.

Combinatorics

Variations in GSI can be used to illustrate the tension between the
number of solutions and constraints. The variety of solutions with one GSI
value (amount of coverage) can be analysed in an abstract and deductive way
through combinatorics. Combinatorics is a branch of pure mathematics that
studies combinations of objects belonging to a finite set in accordance with
certain constraints." It can be used to investigate the number of ways that
a specified array of units can be combined. An example of a problem that
can be approached by combinatorics is: In how many different combina-
tions can a deck of 52 distinct playing cards be ordered? The answer is 52!
(52 factorial), which is equal to about 8.0658 x 10°”.

To illustrate a situation with somewhat more limited possibilities,
we can use a square cut into nine equal parts. In a grid of nine pixels (3 x 3),
each pixel can be black or white, symbolizing mass or void. The amount of
possible configurations can be described as C(n,p)=n!/(p!x [n - p]!), where
n is the number of possible positions (in this case nine) and p the number
of black pixels that are to be distributed. In terms of coverage, GSI can be
described as p/n. The grid turns from white to black step by step and at
every stage all permutations can be drawn and calculated. The level of res-
olution and precision defines the number of permutations. For example, a
tictive building block of 40 x 40 m, divided into pixels of 20X 20 m, 10 x 10 m
or 5x 5 m, can have for a coverage of 25 per cent respectively 4, 1,820, and
2,75 %1010 possible layouts. This is known as a combinatoric explosion.

When the first pixel is turned black (GSI =1/9), nine possibilities exist
of which only three are unique. A ‘unique permutation’ means cases that
cannot be achieved through mirroring or rotating one of the other permu-
tations. For C(9,1) this means that there are three unique permutations: the
black pixel positioned in the centre, the corner and in the middle of one side.
Two black pixels can be arranged in 36 mutations, of which 8 are unique,
three pixels in 84 mutations of which 16 are unique, etcetera. In @, the left
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drawing shows the number of unique permutations for every GSI value (or
C(n,p)). Maximum variations occur with a coverage of #/9 and 5/9.15

The number of permutations decreases when two constraints are
added: maximum depth of the mass (relates to usability and microclimate)
and adjacency to the outer contour of the grid (to ensure accessibility), are
added. @ @ The number of possibilities decreases even more rapidly when
more pixels are filled in. In other words, fewer permutations occur with a
higher GSI. This means that without any constraints most permutations have
a coverage (GSI) of 0.5. With tighter requirements, however — for instance
the requirement that a minimum of three sides are non-built to guarantee
privacy, view and daylight — the number of permutations decreases quickly
for coverage between 4/9 and %9, and is reduced to zero for high coverage.

These experiments show that within the theoretical logic of empty
space and mass, most differentiation can be found when 50 per cent of the
matrix is white (or void) and the other 50 per cent is black (or mass). Imposed
real-world constraints, however, change the trend by decreasing the number
of possibilities in general and shift the point for maximum permutations
towards layouts with less coverage. Could it be that constraints of the kinds
discussed here limit the options to such an extent that we can recognize
formal similarities and speak of types? If this is the case the theoretical com-
binatoric explosion of possibilities might be mitigated by:

1. Intrinsic density conditions (geometrical);

2. External real-world constraints;

3. Our conceptual ability to recognize similarities, ignore differences
and define types.

Whether there is enough significant clustering of formal features to define
types with the use of Spacematrix will be discussed later in this chapter when
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we analyse the empirical material. But based on the experiments described
above, it becomes clear that permutations with higher coverage result in
more peripheral dispositions, while in the permutations with more open
space other possibilities occur. Varying the composition of the mass when
a maximum depth is specified is easier when the coverage is low.

The design experiments and the combinatorial experiments show
that reality (models with constraints) is less diverse than the infinite theo-
retical possibilities of a specific density might suggest. In the following par-
agraph the empirical material collected in the Netherlands and abroad will
be analysed to examine to what extent there is, considering all real-world
constraints, a correlation between built form (type) and ranges of density.

Empirical Research

For the classification of the samples, the morphological types as de-
scribed earlier in this chapter have been used: point (or pavilion), block (or
court) and strip development, which can be found in low-rise, mid-rise and
high-rise solutions. For the following section, one sample has been chosen
as an archetype for each of these nine categories to illustrate the general
type @. The values have in these examples been calculated at the scale of
the island.
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Wageningen Hoog [NL]
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Pointtype mid-rise

De Berg Zuid [NL]

L10]

Nine archetypical samples
(see @11and @18 for
positions in FSI(GSI)

(i.e. Spacemate) and N (b)-
diagram respectively.

low-rise

Strip type
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diagram respectively.



Watergraafsmeer 1 [NL] Block type low-rise

Landtong [NL] Block type high-rise
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As can be seen in the Spacemate, each archetype has its own unique posi-
tion. @ The low-rise point type is represented by the villas of Wageningen
Hoog (B in @); De Berg Zuid B with mid-rise apartment buildings in green
surroundings represents the mid-rise point type; and Wilhelminaplein K,
an area with 12-storey flats, is chosen to represent the high-rise point type.
For the strip type, Amsteldorp 1 H, Zuidwest Kwadrant 1 B and Langswa-
ter B, with building heights of respectively two, five and 11 storeys, have
been selected. The (perimeter) block types Watergraafsmeer B, De Pijp
and Landtong B, with two, five, and eight storeys respectively, have the
highest building coverage (GSI). The archetypical samples are shown on the
following pages. Interesting to note is that Watergraafsmeer, with the low-
est FST among the block types, is, in terms of FSI, comparable to the mid-
rise strip type represented by Zuidwest Kwadrant and the high-rise point
type, Koningin Wilhelminahof. In terms of FSI, these samples are similar,
but in terms of GSI, building height and OSR, the differences are great. In
other words, building types can be distinguished from one another in terms
of density, but only when using the multivariable density concept.

In @ all the Dutch samples have been added to the diagram. Although
not all types are equally represented, it is obvious that clusters can be drawn
in the diagram @. Within the low-rise samples, point types such as Wagen-
ingen Hoog have a lower GSI and FSI than strip types, such as Amsteldorp,
which again have a lower density (GSI and FSI) than the block types. Mid-
rise samples show the same logic although in general the density is higher.
However, although the differences between the clusters are clear, distinctions
between one type and another are sometimes difficult to define. They tend
to slowly transcend from one type into another, with all kinds of hybrid
forms occurring in between.

Kolenkit (B in @ @ @) represents a good example of a hybrid form.
Morphologically speaking it can be defined as strip type but in Spacemate
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it is located in close proximity to a cluster of block or court types. Kolenkit
is one of the first examples in Amsterdam whereby the closed perimeter
block was opened. It was transformed into an open block by having only
the short ends removed. Two strips of buildings define one island surrounded
by streets. In comparison to other strip types in Osdorp with more space
in between, or examples of ‘real’ strip types with only one building per island,
the density of Kolenkit is higher. In other words, Kolenkit is a good example
of a hybrid type suspended between the strip and the block type.

Another sample, Java island (€@ in EIEIBY), characterized as a block
type, has a rather low coverage (GSI) when compared to the other block
types. Here, the large size of the inner courts and, therefore, the size of the
islands explain the relatively low GSI. It accounts for the deviation from
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‘in-between’ types
(see @12 for position
in Spacemate).



the core of the block type cluster. The same can be said about the group
of samples situated between the low-rise block type and low-rise strip type.
Some samples in this position have transformed from a more strip-like type
through intensification of the islands towards a block type. Others have
deliberately been designed as a semi-block type with parts of the perimeter
of the block left open (Vreewijk B in @ @ @).

Based on the empirical material we can conclude that building types
on the scale of islands can be clustered in Spacemate. € Six of them describe
the archetypes low-rise poing, strip and block type; mid-rise strip and block
type and high-rise strip type. In addition we found samples positioned close
to the borders of these clusters that can be described as ‘in-between’ types
(cluster C, Fand H in @), indicating a hybridization of types as was discussed
in the beginning of this chapter. It could, therefore, be worthwhile, and
maybe even necessary, to move towards a purely performance-based de-
scription of building types. A Spacematrix description could then replace
the more conventional, formal types. This would mean that the above de-
scribed empirical research serves more as a temporary ladder, necessary to
make an argument, but which at a certain point is disposed of. Instead of
attaching the conventional professional terminology to the suggested clus-
ters, the position(s) — absolute and relative —in itself works as a description
that, combined with performance, can be productive and moreover, purged
of associative distractions. It is thus possible to imagine a situation where a
multivariable density description supplants the limited traditional concepts
used to describe the built environment. Whether or not this is desirable is
another question. A both/and approach is probably the most realistic: Space-
matrix as a spatial DNA, loaded with information about spatial and other
associated properties and traditional classifications with commonsense con-
notations. The advantages of a pure density description are also its weakness
as the terminology of the professional language game conveys much mean-
ing that is absent in a more technical, instrumental description.

The results of the explorations discussed earlier in this chapter (com-
binatorics and experiments ) match the outcome of the empirical analysis.
The expectations created by deductive and geometrical exercises did not
suddenly become invalidated by totally unexplained clustering (or lack of it)
in the empirical data. In fact the opposite is the case. To date, the multivar-
iable density seems to be highly suited to account for structural differences
in urban form. The concept is not too statistical and general, or too detailed
and specific. We can conclude that analysis using multivariable density works
at the level of the island in conveying structural similarities of building types.

These findings were systematically linked to the earlier work by Mar-
tin and March in a paper by Philip Steadman, where he brings together the
Spacematrix with Martin and March’s work in a comparative exploration.'
Martin and March described the ‘built potendial’ (FSI) of different built forms
in relation to the number of storeys while keeping the depth of the building
and the cut-off angle” between opposing fagades constant. For linear built
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forms (strip type) and block types, FSI reaches a maximum, beyond which
the density does not rise further despite the increase in the number of sto-
reys (see @ in Chapter 1). In the case of pavilions (point type), FSI reaches a
maximum and then declines as more storeys are added."” Steadman uses this
approach, but plots these results in the Spacemate, including the clustering
of types, and shows how the three built forms — points, strips and blocks —
describe three curves that change position depending on the set values for
the depth of the building and the cut-off angle. € This exercise highlights
the intrinsic logic of built form where the court type shows a higher built
potential (FSI) than, for instance, the point type, partly due to the real-world
constraints, in this case limited to two variables, building depth and cut-off
angle, confirmed by the empirical findings presented in this book.

Intrinsic Properties of the Urban Fabric

After having shown how built form can be accurately clustered into
types on the level of the island, we will in this paragraph investigate the
properties of the urban fabric which, besides the islands, also includes the
street network to access these islands.

Explorative Research

To demonstrate the interrelation between some indicators introduced
carlier, six schemes of very different nature can be compared. @ The first two
schemes (1 and 4) represent a small mesh size of 50 m (N =0.04), the second
two (2 and 5) have a mesh of 100 m (N =0.02), and the last two (3 and 6) a
mesh of 200 m (N =0.01). In combination with a street profile width of 5 and
20 m respectively, the sizes of the islands range from 10 to 190 m. The amount
of network space, or fabric tare space, is lowest where a very wide mesh size

127  Intrinsic Properties of the Urban Fabric

— block type
d=10m,a=27°
strip type
d=10m,a=27"°
point type
d=10m,a=27°

0.10

Martin and March ex-
plorations superimposed
on the Spacemate and
clusters from @13. The
real buildings fall broadly
into the appropriate bands
for built-form types point,
strip and block where
building depth d=10 m,
storey height h=3 m, and
cut-off angle a=27°
(Steadman 2013: 353).

18
Martin, L. and L. March
(eds.), Urban Space and
Structures (Cambridge:
Cambridge University
Press, 1972), 37.



0.040

0.035

0.030

0.025

0.020

0.015

0.010

0.005

0.000

0.60
0.50
0.40
0.30
0.20

200m 100m 50m

=

35 40 45 b

20m

Six schemes with varying

network density and

profile width, positioned
@ in the N (b)-diagram.

T=0.20
— T=0.30

20

— T=040

N

Deviation in profile width
3n forvarying grid proportions
n (in a square mesh n=1,
and in the rectangular
islands the longer side is

n times the shorter side). If
the value of N is set at

0.020, the diagram shows

how the profile width

changes for three different

tares (0.20, 0.30, and 0.40)

when the grid transforms

n=1 n="% n=3

from a square (n=1) to
@ a rectangular one (n=3).

(large islands) is combined with narrow streets (scheme 3), and highest where
avery fine mesh (small islands) and wide streets are present (scheme 4).

N, b and T, are all measurable entities that could quite easily be
collected from maps. This, however, demands that there is an existing fab-
ric or a drawn design to study. The relationship between these variables
expressed in the formula @ in the previous chapter, and represented in the
diagram in @, can help monitor the trade-offs of certain combinations to
define some fundamental properties of urban form. Analysing with the use
of variables instead of unique examples makes it possible to understand the
general trends hidden in the relation between network density, street pro-
file and tare space.

The possible combinations of network density and profile width can
be determined in the diagram based on, for instance, the assumption that a
minimum of 60 per cent of privately issued land (PIL) is required and that
subsequently a maximum of 40 per cent is available for network space."” This
means that the network density may not be higher than approximately 0.015
when combined with a wide profile of 30 m. For a smaller mesh size than
this, but with the same profile widch (30 m), the amount of private land
quickly falls below 60 per cent. On the other hand, with a narrow street pro-
file, for instance 15 m, the critical level defined as 60 per cent private land
will be reached only when the network density becomes higher than 0.030.

Up to now the grid has been treated as a symmetrical grid where the
islands are conceptualized as squares. Although it might be assumed that
this offers sufficient accuracy, considerable deviations from real values might
make this analysis racher crude. A comparison between the rectangular grid
patterns and the square ones used so far in this section may offer some clues
about the extent of the deviation. The proportion of the two directions of
a grid can be called n. In a square mesh n=1, and in the rectangular islands
the longer side is n times the shorter side. If the formula @ is adapted to
this variation in proportions, the deviation of street width can be monitored
for different values of n.* If the value of N is set at 0.020, the diagram in
@ shows how the profile widch changes for three different tares (0.20, 0.30,
and 0.40) when the grid transforms from a square (n=1) to a rectangular
one (n=3). The deviation is no more than between 1.4 per cent and 3.4 per
cent for n=3. This can be regarded as negligible for present purposes. Of
course, other performances change when squared blocks are transformed
into rectangular ones, but the relationship between profile widch, tare space
and network density remains more or less the same.

Empirical Research

To investigate whether regularities can be found within certain net-
work density conditions, the nine archetypical samples as well as all the
Dutch samples have been positioned in the N (b)-diagram. @ @ The wide
representation of network densities (or mesh sizes) can be seen in the spread
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of the samples along the y-axis ranging between 0.004 and 0.040 or, in
terms of meshes, from 50 to 500 m. The most common network densities
fall between 0.01 and 0.03, which correspond to a mesh from 65 to 200 m.
Based on the block size categories discussed in an earlier paragraph, four
zones can be distinguished in the diagram. These can be further divided
into three categories of different street widths.

What becomes clearly visible from the diagram with all of the Dutch
samples is that the variety in profile widths, represented by the x-axis, is
larger when the network density is lower. €9 Therefore, when a fine-meshed
urban plan is drawn, narrow streets are apparently needed to ensure enough
private land to make the island usable and the plan feasible. We can compare
this to the building depth discussed in the previous paragraph. Buildings of
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5 m deep are theoretically possible but not likely as these are less functional
and more costly. Of course, solutions with wider streets are theoretically
possible but they are not probable as the practical feasibilicy diminishes as
the size of the islands shrink. With larger mesh sizes the streets can be wider
and still have reasonably sized islands.

The samples with the finest grain mostly have narrow streets and the
islands contain low-rise buildings. Small- and medium-size islands have
larger profile widths, ranging from 5 to 40 m. It can be observed that the
samples with narrow streets mostly occur in combination with low-rise build-
ing types. Wider streets are often accompanied by higher buildings, espe-
cially mid-rise strip and block types.

High-rise types seem to show the least dependency on the size of
the islands and the width of the streets. However, when taking a closer look
at the samples it becomes clear that some high-rise samples are similar to
mid-rise samples in terms of network patcern. These samples, such as Land-
tong (B in @ @) in Rotterdam, have a network density similar to their sur-
roundings and can, from this point of view, be regarded as well-integrated
in the urban context. One difference, though, is that instead of four to five
storeys, the buildings have more than seven storeys. Samples from down-
town New York or Seattle can also be found in these categories. The other
high-rise samples with larger-sized network patterns, mostly built in the
1960s, are different. They have their own internal logic in which streets and
buildings are disintegrated, in line wich ideals of the functionalist city as pro-
moted by CIAM. The Bijlmer (B in @ @) in Amsterdam is a good example
in the Netherlands of this kind of urban planning.

Some of the samples seem to contradict the conclusions described
above. Watergraafsmeer 2 (B in @ @) in Amsterdam, for example, is the only
low-rise block type with relatively wide streets. One reason might be that
this area was realized in a period (the 1930s) when public space was regarded
as extremely important. Most low-rise samples, however, do not have such
a large amount of tare space, probably due to economic constraints. The
amount of network tare space per square metre of gross floor space (network
ratio, or AOSR; we will recurn to this indicator in the next chapter) in Water-
graafsmeer is extremely high and, therefore, quite costly. Another example
is Java Island (B in @ @), a mid-rise block type that, in comparison to the
other samples within this category, has a rather low network density. Large
islands in combination with relatively narrow streets are uncommon in the
Netherlands, but, as we will discuss later, more common abroad. It is fur-
thermore interesting to note that in the case of the Dutch samples, building
types with higher built densities (mid-rise strip and block types) have more
tare space (network) than building types with lower built densities (low-rise
point, strip and block types). The higher built density is compensated for
by a larger amount of public space.

Based on these findings one can conclude that by defining the den-
sity of the network (N), several different building types are still possible.
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However, we also see thathigher N is often combined with low-rise types,
but this is not always the case. Furthermore, by combining building and
network densities, the performance of an area, in terms of daylight access,
public parking, urbanity, privacy and crowdedness changes radically and as
such the combination of the two, building and network density, convey
more about the performance of an urban fabric than when they are merely
treated in isolation.

Urban Fabric Types
An urban fabric type can be viewed as consisting of a specific com-
bination of, on the one hand, a network type (defined by N, b, and T) which
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@

describes the basic layout of the ground plan and the accompanying series
of islands, and on the other hand the building type (defined by FSI, GSI,
OSR and L), which describes the infill of the islands.

The amount of network needed to access the islands is incorporated
in the density figures on the scale of the urban fabric. The difference between
island and fabric density is an indicator of the amount of network space (T )
needed to access the islands. In order to grasp the consequences of adding
network to the islands, the nine archetypes that were discussed earlier are
positioned again in the Spacemate, but this time adding the density calcu-
lations on the level of the fabric. @ The GSI and FSI values on the scale of
the fabric are all lower than on the scale of the island because of the added
tare space. But the different building types still retain unique positions in
the diagram, and, when all other Dutch samples are included, the clusters
can again be discerned to represent the different building types. @

The scale of the network, however, is not represented through the
amount of network tare space. This can only be grasped using N. Two Amster-
dam examples with identical built densities and the same network tare space
illustrate this. The Grachtengordel is composed of large islands (N = 0.012)
and wide street profiles, while De Pijp, which has the same built density,
has small islands (N = 0.023) and narrow streets. Based on one building
type, in this case the block type, we can thus arrive at different urban fabric
types, because of the variations in network density. The position in the three-
dimensional Spacematrix model is therefore different. In a paper presented
at the International Seminar on Urban Form (ISUF) in 2017, clustering analy-
sis was used to develop urban fabric types that are hard to recognize without
such advanced statistical methods. We used hierarchical clustering where
clusters are defined based on the distance between the data points. The core
idea is to cluster objects, in this case urban fabrics, that are more related to
nearby objects, in terms of data, than to objects farther away.”

The result of the hierarchical clustering is presented in @, showing
the grouping of the samples in clusters that show variety in both building
type and block size (or network density, N).
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The scatter graphs in @ show the clustering results in the three-dimensional
Spacematrix and the three planes of this graph: FSI(GSI), N (GSI) and FSI(N)
respectively. In the FSI(GSI) scatter graph the method successfully distin-
guishes the mid-rise block types (cluster 2 and 8, depicted in orange and
red) and high-rise types (cluster 6, 11 and 14, depicted in green). In the N (GSI)
scatter graph, we can see that they end up in different clusters because of
the differentiation in network density. The two types do not differ when it
comes to their GSI values, but differ greatly when it comes to N. Three other
clusters (9, 10 and 12, depicted in blue) are worth mentioning. These all be-
long to the low-rise cluster but differ greatly when it comes to their net-
work density (N) or, in other words, the grain of the urban fabric. Cluster
9 has very large islands of 240 m? while cluster 10 and 12 have islands of
only 60 m2 Despite the similarities in L, GSI and FSI, they differ in N and
therefore form a separate cluster.

Comparative Research

In order to investigate how generic the findings are that we have pre-
sented so far, we compare the results for Amsterdam in the Netherlands with
Berlin in Germany, Barcelona in Spain, London in the UK and Stockholm in
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Sweden. Furthermore, changes in density through history have been inves-
tigated to sketch the influence of state interventions (building ordinances,
standards, etcetera) and changing ideologies (Garden City Movement, CIAM,
etcetera). In addition, a comparison with Asian samples allows us to investi-
gate whether the Spacematrix is also valid for situations with much higher
densities, such as the samples from four Asian cities — Kuwait, Abu Dhabi,
Singapore and Hong Kong — studied by the London School of Economics
and Political Science (LSE).”

Amsterdam, Berlin, Barcelona, Stockholm and London

When comparing the samples from Berlin and Barcelona with those
from Amsterdam, one can initially conclude that the clustering of building
types remains valid. A closer look at the areas developed between the seven-
teenth and the beginning of the twentieth century — a period in which the mid-
rise block type was predominant —shows that the Cerda grid in Barcelona,
Eixample, (B in @ @) has the highest intensity (FSI,=2.89), followed by Soho I
in London (FSI,=2.67), Sodermalm B in Stockholm (FSI,=2.57) and Chamis-
soplatz Bin Berlin (FSI =2.24). Samples from Amsterdam have lower building
intensities in general, such as the Jordaan B (FSI,=1.84). An exception is the
recently developed area Westerdok B8, with a much higher FSI than anything
developed earlier (FSI,=3.76). In the five cities the coverage of the block type
is similar, between 0.4 and 0.6. The reason for the difterence in built density
can thus be found in the height of the buildings and the amount of street net-
work needed to access the buildings. Berlin’s Mietkasernenstadt is often de-
scribed as representing some of the worst housing conditions in Europe. Based
on the density figures we can conclude that the reasons for this cannot be found
in the physical structure of the Mietkasernen. More probably, as was the case
in the Jordaan in Amsterdam, simply too many people lived in too little space.
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Furthermore, the urban layout of Berlin, compared to that of Amsterdam,
in general shows larger islands. @ All samples from Berlin have network den-
sities of less than 0.020 with a mesh size larger than 100 m. The majority of
these samples have a street profile width of 15 to 25 m. The samples are,
therefore, all concentrated in two clusters in the N (b) diagram. As a result,
all samples have less tare space than the Dutch samples. Although it might
seem difficult to intensify such large islands as the access to the buildings
becomes problematic (large depth of islands), some of the Berlin samples
have different kinds of alleys that enable access to the interior of the islands.
The islands are in other words subdivided into smaller sub-islands. This is
especially the case in the areas with the highest built intensities. Hackesche
Hofe (B in @ @), for example, has a network density of 0.011 (which is com-
parable to the Grachtengordel Bd) and a street width of 13 m (comparable to
that of the Jordaan E). A closer examination of the island shows that it has
numerous entrances to the buildings in the interior of the island, and four
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pedestrian routes crossing it. This kind of subdivision is described by Sik-
sna in his comparison between American and Australian city centres.”* He
concludes that the larger blocks (islands) have in the course of history been
eroded and split up into smaller units, while the smaller blocks remained
intact. The same conclusion can be reached about Berlin, although in this
case many blocks of this kind were originally designed with passages.

In ‘economic’ terms the Berlin samples with less street and more
floor space can be described as being more optimized than the Dutch sam-
ples. But there are other factors that have contributed to the differences
found. The existing pattern of canals and ditches in the Netherlands needed
to manage water was often used as a basis for urban development. This water
system often had a rather fine mesh size from the outset.

Java island (B in @ @) represents one of the recent examples from
Amsterdam that has similar large measures (N and b) to those frequently
found in Berlin. The conditions of the site, being an island with a depth of
130 m, also affected this development. It was difficult to project two blocks
within the depth of 130 m. Therefore, larger blocks were designed with extra
buildings in the interior to arrive at a higher density. Other recent examples
with large blocks are Funen and GWL where, as in Berlin, the buildings are
accessed from within these larger blocks.

Most of the samples from Barcelona and Stockholm, except for the
medieval ones, also show lower network densities than the older Dutch sam-
ples. As a consequence, the mesh size in general is larger. However, the spread
in street profiles is much larger in Barcelona, ranging from Barceloneta (B
in @ @) with less than 9 m to Mar Bella B with 40-m-wide streets. The
fine-grained samples in Barcelona, all with narrow streets, are found in the
oldest parts of the city such as Raval B. Such fine-grained urban layouts are
present in London too, such as in Soho B, whose history also goes back to
the Middle Ages, but is now a major entertainment district.
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Podium towers
Taikoo
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Tai Kok Tsui
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Central
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A comparison of the European samples with neighbourhoods in the
Gulf (Kuwait and Abu Dhabi) and East Asia (Hong Kong and Singapore), is
of interest to test the hypothesis that cities from Asia that are assumed to
be much denser than their European counterparts also fit into the Space-
matrix. Most of the samples fit the clusters defined earlier and prove that
types found in Europe can also be found in the Far East. @ @ It is inter-
esting that a sample from London (Canary Wharf E{BY) with the highest FSI
and GSI values in our database, is found more often in Asia. We found yet
another cluster with less extreme FSI and GSI values, but still much higher
than what is common in Europe, except for one example in Amsterdam,
Westerdok B. These two new clusters could be called ‘high rise spacious
block’ and ‘high rise compact block’, respectively. These findings can only
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partly confirm the hypothesis that higher densities are found in Asia; a more
correct formulation would be that these higher densities are found more
often in Asia.

The Historical Development of Amsterdam

The initial transition from liberal-competitive capitalism to state-
managed capitalism at the turn of the twentieth century brought with it a
greater emphasis on public space. This may be one of the reasons that dur-
ing the latcer period the amount of tare space shows a relative increase, mainly
caused by wider streets. Although it is often presumed that the modernist
plans of the 1950s and 1960s contain large amounts of green space, this is
not to be found in the amount of network space on the scale of the urban
fabric. However, on the lower scale of the island and the higher scale of the
district, the amount of tare space is significantly higher during this period.
This is found both in terms of green semi-public space within the islands
and large parks in and between fabrics. The period from 1950 to 1970 shows
a larger spread, with more extremes in network (tare) space. This might be
a result of a greater variation in building types in the developments taking
place in this period, ranging from fabrics with high-rise apartments to low-
rise row housing developments.

One can conclude that despite the different circumstances under
which urban plans were designed and realized, the three main character-
istics of the urban ground plan, network density, street profile and network
(tare) space, do not show a significant change of trend.

Coverage on the scale of the islands, however, shows an immense
variation throughourt history. Until recently, GSI decreased at a somewhat
constant pace from a coverage of more than 75 per cent in the seventeenth
century to 60 per cent around 1900 and to less than 30 per cent during
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@ Before 1850

M After 1980; [AMS] 72
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Historical development of
Amsterdam (scale island).

Berlage Plan Zuid 1 [AMS] FSI,=2.41
FSl,=2.54

Jordaan [AMS]

FSI,=5.63
Fsl,=1.28

Zuidwest Kwadrant 1 [AMS]

Westerdok [AMS]

the modern extensions of the 1960s. @ Put another way, in this historical
sequence we can identify a slow transition from compact to more spacious
building layouts.

The reasons for this development are numerous and complex and
have partly been discussed in Chapter 2. Until 1900 urban developments
were driven mostly by pragmatic technical and economic forces, resulting
in maximized floor space on the one hand, and, on the other, no more open
space than absolutely necessary, mostly in the form of infrastructure. The
growth of the population, combined with the absence of building regula-
tions and the difficulties in controlling (illegal) constructions, made expan-
sions of houses, small industries and other buildings in the courtyards a fact.
This can be seen very clearly in the Jordaan. (B in €@ @) Towards the end
of the nineteenth century, the practice of city development was reformed.
Public space became more important and through the Housing Act (1901)
higher standards in terms of daylight access, fresh air and open space were
(theoretically) assured. The results only gradually showed up in practice.
Berlage Plan Zuid 1 H, designed by Berlage and seen as one of the first ex-
amples of large-scale publicly generated housing in the Netherlands, shows
a decrease in coverage, both at the level of the island and of the fabric.

The increase in public space (wider streets), larger green inner courts
and stricter regulations for buildings resulted in a decrease in GSI. The de-
velopments after the Second World War, designed and built based on the
CIAM doctrines of living and working in green and spacious environments,
resulted in a furcher decline of the GSI. Compared to the Jordaan, the cov-
erage in Zuidwest Kwadrant 1 B (constructed in the 1960s) was less than a
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third (0.29 compared to 0.75 on the scale of the island). Since the 1970s,
however, this trend has turned. Economic pressure and a preference for
more ‘lively’ urban environments have led to a decrease in the amount of
green open space and a rise in building coverage. Still, due to other con-
straints, such as the demands of modern traffic (influencing street widths
and necessary parking space), and acceptable standards for privacy and light
access, coverage does not achieve the levels of the nineteenth century and
earlier periods.

The development of the building intensity (FSI) through history
shows roughly the same trend as the coverage (GSI). However, due to the
differences in building height, there is a wider spread of building intensity
within each historical period. Any clear trend for decreasing intensities,
such as can be found for coverage, is therefore not evident when intensity
is examined in isolation. When looking at the position of each sample in
the Spacemate, however, a decrease of built intensity before the 1970s can
be spotted for both the low-rise and the mid-rise types. Based on these
findings one can conclude that the densities of low-rise and mid-rise types,
in the Netherlands at least, have decreased both in terms of intensity as
well as in terms of coverage. Only the recent examples have higher values,
perhaps in response to functionalist doctrines being put aside for ideas on
urbanity, and necessitated by a larger demand for economic efficiency and
believe that higher densities contribute to sustainable urban development.
The most extreme example is Westerdok B, an area located near Amster-
dam Central Station that can be described as a combination of the mid-rise
block typology and the high-rise point typology. The density is the highest
in Amsterdam (FSI, = 3.76 and FSI. = 5.63) and surpasses the medieval sam-
ples from Barcelona and also most of the samples from the Asian cities
discussed earlier.

Scale and Abstraction

So far, the scale levels of the island and fabric have been studied and
the correlation between density and urban form investigated. This has led
to clusterings of building and urban fabric types. The higher aggregations
(district, city and region) and the lower components (lot, building and cell)
are outside the scope of this research. We can, however, speculate as to which
approaches could be used to expand the current research strategy into other
levels of scale. On the scales of district, city and region other types could be
researched and defined. For these levels of scale, the notions of built form
and urban form lose some of their relevance. Density variables become very
statistical as much diversity is shred in the averages at those scales. This,
however, means little since the properties on those scales that are relevant
to study have more to do with general intensities (built and network) and the
distribution of tare (parks, agrarian land, nature, water, etcetera). Thus, the
nature of tare, and the spread (variation) and properties of the components
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(for example fabrics, network) are probably the most important aspects that
should be researched.

The ‘spatial DNA’, represented through the Spacematrix, connects
all the levels of scale and conveys different information: absolute (the posi-
tion of an island), relative (comparison to other islands constituting a fabric,
district, etcetera), contextual (the fabric of which the island is a component)
and composite (the components — lots and buildings — that make up the
island). This ‘Great Chain of Building’ of the urban landscape through the
scales can be reconnected to the earlier discussion on resolution. The hori-
zontal axis in the diagram on page 114 @ can be combined with a vertical
scale axis. The result can be viewed in €. Along the horizontal axis, differ-
ent representations (or descriptions) of the urban landscape can be arranged.
The extremes of specific and general can then be substituted for by a series
running from the subjective, for instance artistic expression, via a photo,
through detailed and then more reduced maps, passing the Spacematrix
representation, then through abstract schemes, and finally ending in sta-
tistics and pure numbers. The other axis moves from the smallest compo-
nent to the larger aggregations. Earlier we maintained that the multivariable
density method that has been constructed in this research has the proper
resolution to differentiate between building and urban fabric types. The
scale levels that have been investigated and show a significant correlation
are island and fabric. The higher and lower levels of scale can be assumed
to become either too blurred by statistical averages (district, city, region)
or to be too specific to be relevant to an understanding of urban structural
properties. Thus, the fit between resolution and scale can then be said to
be at its greatest in the intersection where multivariable density and the
scales of island and fabric intersect.
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The matrix in € can be further interpreted by assigning different attributes
to the axes. The horizontal axis can be said to span the statistical and the
subjective. The abstract left pole has an instrumental character, while the
opposite pole leans towards impressionism and solipsism. The position of
the Spacematrix representation somewhere in between has a dialectic qual-
ity; abstract and instrumental, but still deciphering specific spatial proper-
ties. Many morphologic analyses can be said to take place somewhere be-
tween this middle position and the right end of the horizontal axis, with
the position varying depending on whether detailed or more abstract car-
tographic representations are used. The other axis, the scale hierarchy, co-
incides well with existing discipline demarcations: the lowest ones being
the terrain of architecture; the middle level urbanism, constituting the frame-
work for the first; and the higher scales constituting the field of planning.
These levels combine well with the adjectives private (architecture), civic
(urbanism) and collective (planning). Summarizing, one could propose that
the multivariable density method that has been constructed here combines
different dialectic positions; between too big and too small; between col-
lective and private; between too general and too specific; and between plan-
ning and architecture. In other words, succinctly describing the dialectic
character of urbanism.

Nevertheless, even if the above points to a central role of urbanism,
the ideal approach includes, one would assume, an awareness of the totality
along both axes, and requires a jumping, iterative way of working with dif-
ferent scales, resolutions and representations. To travel all these positions,
one does need to be familiar with the many specific components, methods
and techniques needed to assemble an integrated whole. Spacematrix should
be one solid piece of ground in this complex mateer.
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THE PERFORMANCE OF DENSITY

Every density, high or low, has its advantages and disadvantages, depending
on the context (place and time) in which it is assessed. Actempts to describe
the ‘best densities’ or the ‘good city” have a long history, but all tend towards
highly prescriptive recommendations based on the subjective leanings of
individual authors in specific contexts.' To be able to link negative or posi-
tive consequences to urban density we use the arguments of Kevin Lynch in
his book Good City Form.” His arguments rely on the identification of meas-
urable performance dimensions upon which a normative theory of appro-
priate densities can be built.

These performances are in most cases closely linked to constraints
and requirements applied in the real world to secure certain qualities in our
cities. At a meeting in Paris in 19035, the causes of health problems, such as
cholera outbursts in the city, were discussed. Overcrowding and insufficient
daylight in the bedrooms were identified as contributing factors.” As a result
of these discussions, rules were defined throughout Europe that made street
width and building height interdependent. They came to have a great im-
pact on the resulting urban densities and the city development in general
as these rules were enshrined by laws. Jonathan Barnett explains how in New
York zoning laws, mainly aimed at controlling more abstract considerations
of public health and awelfare, unintentionally came to determine the basic
design framework of the American city.* Rules stipulated the distance that
high-rise building had to be set back to permit sunlight to fall on the streets
and sidewalks and allow light and air into the interiors of the buildings. These
rules were implemented, however, with little attention being paid to their
design implications, although the impact on built form and densities was
great. These are examples of how constraints imposed in a wider context
came to affect the built environment. Later, regulations implemented to
influence the development of cities also prescribed densities more directly
such as Raymond Unwin’s call for maximum density of 12 dwellings to the
acre (as part of the Garden City Movement), and the minimal requirement
for spaciousness as proposed by Anton Hoenig.

The shifting acticudes towards urban density and its associated qual-
ities not only show ideological changes, but are also very much related to
the whole development of the city and the material wealth of its inhabitants.
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0 Pursuing performances.

Poor people concentrated in inadequate houses that offer poor shelter and
damp interiors, situated in narrow alleys with hardly any sanitation whatso-
ever in congested conditions, with rudimentary or no public services, whether
it be in Amsterdam a century ago, or in Bangalore today, can hardly be de-
scribed other than as inhumane. In contrast, well-educated twenty-first-
century knowledge workers shopping and wining and dining next to well-
designed public spaces, between high-standard offices and apartment build-
ings, occupying a similar density, is seen as constituting a ‘vibrant urbanity’,
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Clearly, the level of material wealth and the availability of technical facilities
that can take the edge off of physical inconveniences (electricity, water, sewer,
air conditioning, insulation, etcetera) influence the ability to cope with high
densities, both historically and at present.

It is therefore necessary to define the relationship between density
and performance, and the evaluation of these performances, in any discus-
sion of ‘appropriate’ densities. This will enable us to understand how con-
straints influence city development. Performances can further produce im-
portant information about problems and possibilities to be expected under
different density conditions. ‘Problems’ and ‘possibilities’ are of course for-
mulated at a specific moment in time and space and the same performance
(daylight access, for example) can be judged as inadequate (too hot) or more
than adequate (plenty of daylight), depending on historical and geograph-
ical context. What we want to emphasize in what follows is the relative ob-
jectivity of performances and the contextuality of the judgement hereof.
This is in line with the earlier discussion on the Spacematrix method as a
universal interpretative and representative structure, filled with contingent
content that is being contextually interpreted and acted on. Performances
can be viewed as serving as extensions of the objective character of density
into the physical realm of the urban landscape, to suspend the rhetoric,
interests and preferences of accompanying judgements.

Let us return for a moment to the terms used by Ernest Alexander,
mentioned at the beginning of Chapter 3.” Alexander distinguishes between
physical density and perceived density. The same physical density can be
perceived and evaluated in very different ways, by different people, in dif-
ferent cultures and locations, under different circumstances. We believe a
flaw in this approach is that it moves too quickly from the physical to the
subjective. Although Alexander makes clear that the perceived reaction is
influenced not only by ‘individual cognitive factors’ but also by external
‘sociocultural factors’, a focus on the individual experience of density is at
the centre of his analysis. We would prefer to linger a little longer on the
physical by further investigating separate properties — which we also could
refer to as performances — of the built environment in relation to density.
The most fundamental sub-properties that have been discussed so far include
the amount of built programme (intensity, or FSI), the primary distribution
of this programme (coverage, height and spaciousness; or GSI, L and OSR)
and the composition and measures of the urban ground plan (N, b, and T ).

Using performances in this way we can engage with aspects of density
without having to use qualifications such as ‘too high’ or ‘too low’. This would
enable professionals to better ground their decisions and the trade-offs made
between performances. It is important to notice, however, that even if we
might aim for neutral performance outcomes, the trade-offs taking place
between them are, of course, highly value based. For instance, a choice for
more programme at the cost of daylight comes after weighing the pros and
cons, perhaps through valuing daylight access higher than built intensity.
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We can now compare the series defined by Alexander (A) with the one sug-

gested by us (B):

A. Physical Density — Perceived Density

B. Physical Density — Performances — Standards — Evaluation (Perceived
Density)

In B, standards and evaluation represent the two moments when contex-
tual values enter the equation. The standards are of a more collective char-
acter (regulations, the urban practice, group of professionals, etcetera), the
evaluation is the judgement based on both performance and standards. If
A'is a good characterization of the personal reaction to built density (good,
bad, fear, pleasure, indifference), then B could be viewed as a scheme for
the professional engagement with density during analysis and design. It is
important to bear in mind that the properties of density have an objective
character (for example, one metre of street to every metre of floor space),
performances register variable trends, standards (contextually grounded in
collective values) supply those variables with a temporarily fixed value (for
example the amount of daylight prescribed by a norm), and, finally, the judge-
ment of those performances and the trade-offs between them is made by
a professional with knowledge of standards, practical experience and per-
sonal preferences.

An interesting question concerning performances is how they were
judged and evaluated in the past in comparison to present judgements. In
terms of evaluation many would agree to describe the transformation of De
Pijp in Amsterdam that took place during the last century as one going from
negative overcrowding in 1899 to a situation today of urbanity, with its pos-
itive connotations. At the same time, the once much appreciated peace and
quiet in the Western Garden Cities of Amsterdam is today viewed as boring
‘undercrowding’,6 not in tune with a consumer society where intensity (turn-
over), commercial interface and thresholds for services are considered to
be of the utmost importance.

When designing cities we often use existing built environments as a
reference. Some qualities appeal to commissioners, consumers and designers
while others do not. To also work with and think about the urban landscape
in terms of performance can help to avoid inappropriate use of these refer-
ences. When striving for a vibrant urbanity, the values might to some be ob-
vious (high densities, good accessibility, a mix of functions), but one must
also remember that the original physical makeup of an area might not be
acceptable today. For example, narrow streets might be incompatible with
present norms of accessibility. Such conflicting aspirations might become
more explicit through critically working with density and performances.

A quick analysis of constraints and bottlenecks in contemporary prac-
tice — which is by no means exhaustive — can provide an overview of relevant
performances. Many constraints come from the field of urban physics, some
of which have been imposed through building legislation. Examples of such
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issues are daylight access, sunlight, air pollution and wind. Energy consump-
tion is another performance in this series that is — due to peak oil, climate
change and CO, reduction targets — increasingly urgent. Performances that
are relevant to the urban practice as they determine the feasibility of pro-
jects to a large extent are parking, the ratio between public and private land,
and commercial exposure. Performances that deal more with the perception
of an area include urbanity, privacy and walkability.

In the following, we will explore the relation between density and
performance in two ways. First, by means of a systematic review including
more than 300 scientific papers on density and its performance.” Because
few studies use the multivariable approach to density as proposed in Space-
matrix, we will highlight the specific density variable used to arrive at the
conclusion on performance. In many cases, this is the population density,
with a distinction sometimes made between residential and working pop-
ulation. The second approach to exploring the relation between density and
performance is deductive and explorative, we will investigate five perfor-
mances in relation to density as defined by Spacematrix: parking, daylight
access, exposure to noise pollution, air quality and urbanity. It should be
noted that in both cases, the focus is on the conditional character of density
for the performance of the urban landscape. In some cases this condition-
ality is rather direct and obvious (for example user intensity), in other cases
more concealed (daylight access), sometimes controversial and tainted by
vested interests (happiness), and in some others probably not even worth
the effort to pursue (infertility). The amount of daylight, for instance, is
straightforward. Even if weather, pollution and interior decoration affect
the final daylight penetration in a dwelling, the urban layout plays an im-
portant role in conditioning the access of daylight. In many other cases,
density might participate as a minor condition in a complex set of physical,
social and psychological factors, which can only be investigated through
empirical studies that then highlight correlations between density and out-
comes such as crime rates or urban stress. Such empirical studies should
ideally be replicated by various researches in more than one geographical
context to arrive at robust conclusions that do not highlight the specificity
of a location, but the generic trend between density and performance. In
medical studies, it is common for statistical analyses that combine the re-
sults of multiple scientific studies to be used to arrive at effective and safe
treatments. In urban planning, this could in similar ways lead to defining
design principles with which to obtain more sustainable solutions that are
proven to be successful.

Systematic Review of Density Performance

A systematic review is used to collect an evidence base that covers,
as broadly as possible, the empirically proven links between density and en-
vironmental, social and economic performances. The evidence was restricted
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to empirical studies published in peer-reviewed journals to guarantee sci-
entific rigor. There were no geographical restrictions imposed in the search
for articles, nor any time limit.

The objective of the review is to evaluate the effectiveness of higher
density (as means) to arrive at more sustainable urban development (the goal).
The reported outcomes are categorized in terms of their contribution to sus-
tainable urban development. In most cases, this is rather straightforward,
such as preserving limited resources — a fundamental sustainability principle,
while this is more challenging in other areas such as economics.’

In short, the process of the analysis consisted of three steps: first, a
search for articles according to an a priori search strategy;” second, the fil-
tering out of obviously irrelevant ones using clearly defined inclusion and
exclusion criteria;" and thirdly, the reviewing of the final sample by reading
the full papers, following a predefined recording method. Based on the in-
clusion and exclusion criteria, the selection of articles was reduced from
1,208 to 330 papers from which another 101 papers, which did not fulfil all
criteria, were excluded in the third step. The results presented below are
therefore based on a sample of 229 scientific papers of which 29 per cent
are from North America, 31 per cent from Asia and 22 per cent from Eu-
rope. The other continents each represent less than 5 per cent of the sample,
but more often even less than 1 per cent.

Half of the studies reported a positive relation between density and
sustainable urban development, but one third of the studies also show a
negative one. Densification thus has both advantages and disadvantages.
When looking at the various outcome categories separately, we get a clearer
picture of what these advantages and disadvantages are €. Studies related
to public infrastructure, transport and economics more often report pos-
itive correlations with density, while ecological, social and health effects
of higher densities are for the most part negative. In the following, we will
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discuss these outcomes in more detail, dividing the main categories in var-
ious subcategories, to better understand the mechanisms that lie behind
these diverging results €.

Density and Public Infrastructure

Public infrastructure includes topics ranging from technical infra-
structure such as roads and sewers, energy efficiency of these infrastructures
and surface water management, to availability and accessibility of services
including recreational infrastructures. Energy efficiency covers both transport-
related energy consumption and energy efficiency of various kinds of infra-
structures, but mainly in regard to buildings.

In general, the results reveal that higher density provides advantages
from a sustainability perspective for technical infrastructures, energy effi-
ciency and service provision. The studies show consensus that higher density
contributes positively to these performances. However, higher densities do
not create optimal conditions for surface water management and are a threat
to the provision and quality of recreational (green) areas. In the case of water
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management, the lack of pervious surfaces is the main
obstacle — which is mainly conditioned by GSI and not
so much high FSI. It is also worth noting that a lower
provision of green areas does not necessarily mean that
residents perceive a lower access to green areas.

Technical Infrastructure

There is consensus on the benefits of higher den-
sity for technical infrastructure, both in terms of invest-
ment costs, operational costs and efficiency. Water ser-
vice utilities with more customers were able to maintain
a higher level of efficiency," similar results are reported
for road infrastructure'” and annual operational costs for
energy and water infrastructure are lower."

Energy Efficiency

Higher population density is associated with a
lower amount of electricity used for cooling and heat-
ing."* For instance, energy efficiency increases by approx-
imately 12 per cent when the density in a municipal pop-
ulation doubles.” A negative impact of density on energy
use is only reported in one study.16 This is, however, a
very limited study comparing only two residences in Chi-
cago where the downtown high-rise used twice as much
energy (around 225 GJ/person/year) compared with Oak
Park low-rise residences.”

Six studies report explicitly on energy consumption
related to transport. The results confirm the seminal pub-
lication by Newman and Kenworthy," which showed a
strong correlation between population density and energy
consumption related to transport.” But the importance
of higher density is not the whole story, because, as one
study highlights, the socioeconomic status of the residents
is as much an explanation for low energy consumption as
is higher population density.”

Surface Water Management

Despite the relatively small number of studies,
there is clear consensus on the negative impact of higher
density on surface water management. The correlation
coefficients between the intensity of developed land (GSI)
or higher impervious surfaces and the amount of surface
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runoff are significantly positive.”’ A study from Seoul,
South Korea, reports that a 1 per cent increase in GSI can
result in approximately $682,300 in flood losses when
all else is held constant.”?

Despite this general trend, the same study in Seoul
indicates that high-density solutions can be planned to
reduce flood damage by using proper land use manage-
ment techniques and choosing the correct locations for
such developments, avoiding flood-prone areas.

Service Infrastructure

Higher density neighbourhoods have better acces-
sibility to public and commercial services,” people use
services more frequently”* and the services provided are
more diverse.” This is important not only from an eco-
nomic perspective, but especially because having acces-
sible key services in the neighbourhood is important for
vulnerable groups.*

Interestingly, one study reports that built cover-
age (GSI) tends to exert greater influence on urban vital-
ity than built intensity (FSI), other things being equal.”’
This might be explained by the relatively larger inter-
face between public space and built facade when the
GSlis higher.

Recreational Infrastructure

The findings in relation to recreational infrastruc-
ture show an opposite trend: the higher the residential
density is, the lower the overall provision of public and
green space is.”* However, despite this difference in the
availability of public and green space, a study in the UK
reports that the use of, and perceived access to, public
open spaces is relatively high across the different densi-
ties.”” At the same time, residents in higher-density neigh-
bourhoods reported that they were less satisfied with the
quality of their local parks and green spaces than residents
in lower-density areas.

Further, besides the availability and use of, access
to and satisfaction with green areas, a study from North
American reports that the willingness to vote in open-
space referenda is increasing.”’ This indicates that people
care more about open spaces when population densities
are higher.
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Density and Transport

The category transport is studied most frequently,
representing more than one third of the articles in the
article sample. Three different modalities are distin-
guished: public transport, active modes of transport such
as walking and bicycling, and private motorized trans-
port (the car). The fourth subcategory relates to travel
behaviour, including trip distance and choice of modal-
ity, and the last covers traffic safety.”

Studies on public transport and active modes of
transport are equally spread across Europe, North Amer-
ica and Asia, but for the studies on private motorized
transport, a large majority of studies are from North
America, while only six are from Asia and three studies
cover Europe.

There is strong consensus across the studies that
higher densities contribute to an increase in the use of
public transport and active modes of transport, while they
reduce car ownership and vehicle miles travelled by car.
The results also highlight some details that are important.
First, commuting trips are more strongly related to den-
sity than recreational trips. Second, car trips are more
dependent on high density at destination, while walking
and bicycling is more strongly affected by high density at
the location where the trip starts, ac home (origin). Third,
there seems to be a density threshold above which the
positive effect of higher density on reduced car trips and
increased walking and bicycling starts to diminish.

The strong consensus among papers on the rela-
tion between density and different modes of transport
is not found in studies on traffic safety.

Public Transport

Most of the 17 studies on the relation between
density and the use of public transport report a positive
trend. Thus, denser cities are associated with higher per
capita ridership.” Most studies investigate commuting
and only one reported on weekend ridership where no
significant relation with density was found.” Of the stud-
ies on commuting, various studies report that job density
has a stronger correlation with ridership than residential
densicy.” That the beneficial effect of employment con-
centration on public transport is reached at the expense
of less walking and bicycling and might thus not lead to
less private motorized traffic is noteworthy.” Thus, the
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strong correlation found between density and the use of
public transport is true for commuting, — where job density
is found to be more important than residential density—,
but the results for weekend trips are still inconclusive.

Walking and Bicycling

The majority of the 29 studies on the relation be-
tween density and active modes of transport report a
positive relation with both walking™ and bike ridership.”
Some studies distinguish density at the location where the
trip starts (origin) and ends (destination) concluding that
the residential density is the important variable at the or-
igin, while the working population is more important at
the destination.” Another study demonstrates that the
working population density mainly reduces car use, while
the general building density and mixed land use encourage
walking.”” Further, a denser population might result in
more walking, but not necessarily more biking activity.*

Besides the large number of studies that report a
positive relation between density and active modes of
transport, seven studies also found it to be insignificant.”
In other words, they conclude that there is no empirically
proven eftect of density on walking or bicycling. Reasons
for this might be that in the studies that show a positive
trend, recreational walking was not included and when
this is included, density seems to play a far less impor-
tant role.”” The same difference between commuting and
recreational travel was found for public transport as was
discussed above and is confirmed by a study on recrea-
tional bike ridership.*

A non-linear relation between density and walking
is also reported once.* This study indicates that the odds
of taking walking trips increase as the residential density
increases, but once the density exceeds a certain level (in
this study, between 10,000 and 15,000 persons/km?),
this effect declines. Also, for biking a non-linear relation
is reported with an optimum in the middle ranges and a
lower likelihood of frequent bicycling in the most rural
category and the high-density urban category.”

Motorised Private Transport

Most of the studies (20 out of 31) report a nega-
tive correlation between density and motorized private
transport, meaning that car usage decreases when density
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increases, and thus show that higher densities support
sustainable urban development.

The studies indicate that higher densities low-
ered the odds of motorized solo-commuting.* Higher
density at the trip destination is frequently mentioned
as the most important variable,” while the density at the
home location (origin) is in some cases shown not to
be significant at all.*® It is, however, also outlined that
higher population density at home decreases the likeli-
hood of owning more cars* and significantly influences
non-work-related trips.”

As was previous discussed in relation to walking
and bicycling, private vehicle trips have also been shown
to relate to density in a non-linear manner. Residents
living in the lowest density areas were 3.38 times more
likely to take private vehicle trips, but this gradually de-
creases to become insignificant beyond a threshold of
around 20,000 inh/km2.>'

Travel Behaviour

Average trip distances and commuting duration
are lower for residents living in high-density areas than
for those living in low-density areas.”” One study reveals
that this is mainly the case when economic density in-
creases,” while the same study could not report signif-
icant correlations between commuting distance and res-
idential density. Another study reports a negative corre-
lation between density and commuting duration.™ The
reason for these contracting findings might be explained
by two opposite effects that, depending on the strongest,
results in a positive or negative effect. On the one hand,
spatial proximity to amenities reduces travel time, but
on the other, congestion following from density increases
travel time. When the lacter is stronger, this results in a
negative correlation between density and travel time.

Further, higher population density is associated
with a lower share of trips by automobile and a higher
share of walking, cycling and using public transport,”
confirming what has been discussed before. Also, it is
again reported that substantial correlations only are
found for functional trips or commuting and not for
leisure trips.> Cultural differences between mode choices
are also highlighted,” even after controlling for dissim-
ilarities in socioeconomic factors and land use. For in-
stance, Germans are more likely to walk, cycle and use
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public transport than Americans, even if the Germans
live in lower-density areas that the Americans.

Traffic Safety

The combined results of eight studies on the re-
lation between density and traffic safety are inconclusive,
with half of the studies reporting a negative and the other
half a positive impact. Three studies report that urban
density has a statistically significant direct effect on traf-
fic safety, that is, fewer accidents and traffic fatalicies.™
However, two other papers report the opposite and show
that an increase in population density yields an increase
in traffic accidents.” In a systematic review on multi-
functional streets, a similar discrepancy was highlighted,
where they argued that the number of crashes indeed
increased, but their severity and number of fatalities de-
creased in more central location because of the lower
vehicular speed.”’

Density and Economics

Studies on economics are primarily about the ag-
glomeration effects of densification, such as higher pro-
ductivity, employment rates, profits or number of en-
trepreneurs, companies and innovations (60 per cent of
the papers on economics), followed by the relation be-
tween density and property values (25 per cent) and pub-
lic finances (15 per cent).

There is strong consensus on the positive role of
density on productivity and innovation, but a few studies
also emphasize that densities that are too high can shift
the ratio between agglomeration benefits and disecon-
omies related to traffic congestion and/or environmental
pollution. Furthermore, agglomeration benefits can re-
sult in reduced interest to invest in training and innova-
tion, as well as diminish starc-up activity.

Property value is positively affected by density al-
though it is also pointed out that proximity to parks, lakes
and open spaces are beneficial. This might explain the
non-linear relation reported in one study, in which den-
sity is perceived as a disamenity beyond a certain thresh-
old level.

There is consensus on the benefits of higher den-
sity for public finances, while the extra costs for public
safety should not be ignored.
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Productivity, Innovation and Density

Most of the studies report a positive contribution
of higher density on economic productivity, but it should
also be noted that five studies report negative effects and
four a non-linear relation. The positive effect of higher
density relates to an increase in productivity as a result
of agglomeration effect or economy of scale.” This is not
equal across all markets as some studies point out.”” For
instance, the positive effects for the creative, knowledge-
based service industries are considerably larger than those
for the manufacturing and retail industries.

When looking at the training skills and training
investments® as well as entrepreneurship and start-up
activity,”* the relation with density is the opposite. In
other words, higher density reduced training investments
and lowered the number of start-ups. This might be ex-
plained by the fact that higher density increases wages
and turnover, which in turn discourages training® and
the need for specialization.® The higher start-up activity
in relation to lower density might be explained by the
necessity to start your own company in less dense areas
with fewer job opportunities.

A non-linear relation between employment den-
sity and innovation output is reported as well, with output
changing from positive to negative as density increased.”’
This is also found for positive agglomeration effects that
were proven to be valid up to a population density of ap-
proximately 4,000 persons per square mile (10,000 per-
sons/km?), after which negarive congestion effects be-
come dominant.”®

Density and Property Value

Both land prices and real estate values increase for
higher-density properties or in higher-density neighbour-
hoods.” This indicates a willingness to pay a higher price
for projects of greater density. One study reported a non-
linear relation, where residential density is perceived as
a disamenity beyond a certain threshold, although this
effect is indicated to be small.” It is also reported that
proximity to parks, lakes and open spaces are important
for sales prices and that open space amenities are valued
higher in dense neighbourhoods where undeveloped land
is relatively scarce” and can even turn into a negative ef-
fect.”” It should be noted, however, that both of these
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studies are based on single-family homes only, with rel-
ative low densities. Such low densities, it is further shown,
are associated with faster relative growth of property value
than the growth recorded in areas of higher density.”

Density and Public Finances

The per capita costs of providing public services
such as roadways, other transportation, sewers, trash
collection, housing and community development, parks,
education and libraries decreases as density increases.”*
However, higher density is also associated with higher
costs for public safety such as costs related to traffic ac-
cidents and an increase in crime.” As a result, reduced
expenditures for public services as highlighted above may
be offset by increased expenditures on public safety.

Environmental Impact of Density

Within the category environmental impact, we dis-
tinguish effects of density related to biodiversity and eco-
logical conditions as well as climate change effects and
micro-climate impacts. Biodiversity focuses mainly on
topics related to species diversity, ecological conditions
relate to ecosystems and their stability over time, climate
change effects cover mainly greenhouse gas emissions and
micro-climate is primarily about urban heat island effects.

Overall, the impact of a higher density on the en-
vironment is negative, except for the positive effects re-
lated to climate change as a result of reduced greenhouse
gas emissions, often related to reduced car mobility. It
should be noted however, that even though per capita
emissions go down, absolute emissions increase in urban
areas, which contributes to negative health effects, some-
thing we will discuss later. Furthermore, most studies
excluded air traffic when reporting on greenhouse gas
emissions. When including these emissions, the overall
levels of per capita greenhouse gas emissions go up with
increasing densities.

There is consensus about the negative impact of
higher density on heat stress, that is, higher surface tem-
peratures in cities (urban heat island effect). Vegetation
and impervious surfaces are pointed out as the key vari-
ables where more hard surfaces and high GSI increase
surface temperatures. However, it is hard to distinguish
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their role independently from population density and FSI. Thus, the form
of densification might be crucial to mitigate higher surface temperatures.

Similarly, there is consensus about the negative impact of higher den-
sity on overall ecological conditions and biodiversity, although this is not
true for all species. Urbanization as such has a negative effect on biodiver-
sity, but differences between the kind of urbanization (in high or low den-
sities) can be minor. However, the loss of genetic diversity and population
size over time is alarming because it underlines the vulnerability of biodi-
versity in the long term.

Density and Biodiversity

None of the 11 studies that investigate the relation between density
and biodiversity report a positive correlation, but some are inconclusive.
There is thus consensus about the negative impact of higher densities on
biodiversity. Moreover, it is reported that genetic diversity and population
size decreases over time in high-density areas.” In studies that report a neg-
ative impact of density on biodiversity, the forwarded reason is lower habitat
suitability in urban areas compared with rural areas,” including a lower rich-
ness and abundance of forest species.”

An exception is found for ‘urban adapters’, species that thrive in urban-
ized areas” and small isolated rare plants that were not declining in denser areas.
Rather, they appeared to be performing as well in urban settings as in rural ones."”

One study worth mentioning reported that the plant and wildlife spe-
cies composition of clustered housing developments is more like that of dis-
persed housing developments than that of undeveloped areas.” In other words,
there is a difference between developed and undeveloped land, but not so
much between more or less densely developed land.

Density and Ecological Conditions

Six out of seven papers report declining ecological conditions as a
result of higher densities. Housing density correlates highly with higher
shares of aggregated impervious surfaces that, in turn, have a negative im-
pact on overall environmental conditions.” This is confirmed for streams®’
and natural water in general,” as well as for the increased levels of dissolved
inorganic nicrogen fluxes.”

One study confirming that this negative impact of higher density on
environmental pollution also shows the positive effect of concentrated devel-
opment.* This suggests that by improving the quality of and form taken by
urbanization, we can achieve more sustainable solutions.

Density and Climate Change
Most of the papers on climate change study the relation between density
and greenhouse gas (GHG) emissions. Only one study reports on the relation
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between density and carbon sequestration, the opposite
process of capturing and storing atmospheric carbon di-
oxide.” Within the large group of studies on GHG emis-
sions, two groups can be distinguished where the first
investigates GHG emissions by transport (16 studies) and
the other group reports on other sources of GHG emis-
sions (8 studies), mainly related to cooling and heating.

There is strong consensus that residents living in
communities with higher density emit less GHG emis-
sions from trips, confirming the results discussed above
on transport.” This is especially found true for passen-
ger vehicle emissions, while for truck-related emissions
the results are inconclusive.”” Besides density, it should
be noted that land use characteristics also play an im-
portant role. For instance, for non-work trips, higher
retail density or mixed land use patterns are found im-
portant.”’ The role of working population density, how-
ever, is inconclusive; some report that for work trips, in
line with the results discussed before, higher job density
contributes to lower emission levels,” but this effect was
not confirmed in a study that controlled for distance to
work,” while several studies reported a positive effect
of higher residential densities.” However, the elasticities
are small. For instance, a 10 per cent increase in density
resulted in a less than 5 per cent reduction in emissions.”
On the other hand, densities vary a lot in cities and it
is shown, for instance, that CO, reduction associated
with average density (1,250 addresses/km?) and high
density (twice as high; more than 2,500 addresses/km?)
can differ by 30 per cent, which is substantial.”

It is important to emphasize that only one paper
reports higher overall emissions for metropolitan dwell-
ers, which is explained by the significantly higher emis-
sions from air travel, a factor ignored by all other stud-
ies.” This highlights the need to look at all transport
emissions and should be read as a strong call for more
research that includes air travel.

The studies on other types of GHG emissions pri-
marily report that neighbourhoods with higher building
density use less energy for cooling and heating.”” The
elasticities for heating and cooling related emissions are
similar to transport as reported above; when the density
of living increases by 10 per cent, urban carbon emissions
decrease by less than 5 per cent.”

Despite the reduction of transport- and building-
related emissions, a positive relationship is reported
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between population density and overall emission lev-
els.” Thus, despite the reduction per capita, the overall
levels increase in more urban areas, simply because more
people live in these areas. This does not, however, mean
that if the same population would live in lower densities,
emissions would lessen, on the contrary. It does mean,
however, that health effects in denser areas can be high,
despite the reduced emissions per capita. Finally, carbon
sequestration that could help to reduce the overall CO,
levels was shown to be lowest in developed urban areas
and highest in rural areas.™ In other words, denser areas
have less capacity to mitigate the higher emissions.

Density and Micro-Climate

Most papers on micro-climate investigate the ur-
ban heat island effect, measured as increased land sur-
face temperature, and report consensus that the more
built up the urban area is, the higher its temperature.'”"
Besides higher impervious fraction and greater popu-
lation density, lower tree canopy cover is also considered
to be an explanatory variable."”” An increase in urban
vegetation is also shown to lead to the reduction in the
number of hot days or the severity of these hot days.'”
The role of vegetation is thus important and because of
the collinearity between these two variables, it is often
difficulc to determine whether cooling effects are caused
by lower density or higher green cover."”* This also in-
dicates that higher density could be mitigated by more
urban greening,.

Only one paper reports on outdoor ventilation
potential, important for human thermal comfort, build-
ing cooling, energy saving and pollutant dispersion.'”
This study displays a strong and significant negative cor-
relation between density and wind measured at the pe-
destrian level.

Social Impact of Density

To discuss the social impact of higher density, we
distinguish well-being, social interaction, social equity
and crime. The subcategory well-being or quality of life
focuses on the individual, while the subcategory social
interaction concerns the meeting and interaction be-
tween individuals.
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The social impact of densification is primarily negative
apart from social equity, with half of the papers report-
ing a positive relation. For the other three categories, the
studies report a negative relation with density in almost
half or more than half of the investigations. There are
strong indications that the relation is not linear though,
meaning that density has a negative but diminishing (that
is, nonlinear) effect on well-being and that medium den-
sities are optimal for social interaction.

The impact of density on social equity highlights
housing affordability, poverty and inequality as negative,
while the fewer positive results relate to reduced polariza-
tion. In combination with reduced affordability, this might
actually not be as positive as it sounds. Furthermore, den-
sity has a predominantly negative impact on crime meas-
ured both in terms of crime rates and feeling safe.

Density and Well-being

More than half of the studies report a negative
impact of density on well-being, while only 12 per cent
report a positive effect. In two papers the findings of
a study on self-estimated life satisfaction report non-
significant results, which means that the role density
plays could not be statistically proven.'” In most cases,
the negative well-being effects are based on studies using
quality-of-life indicators,'”” but in some cases more spe-
cific indices are used such as children’s stress'®® and nui-
sance.'” The quality-of-life indicators often include mul-
tiple dimensions," but in the end they all come down
to the question: How satisfied are you with your life?

One paper reports that results on pride and at-
tachment, stability, safety and home satisfaction display
a non-linear relationship with density."" The findings
suggest that there is a kind of ‘density divide’ at around
100 to 140 dwellings per hectare after which the declin-
ing trend flateens.

Density and Social Interaction

One might expect a positive density effect given
that people living in proximity could find interaction eas-
ier. However, the results of the review do not confirm this
and density has been shown to affect social interaction
negatively in almost half of the studies. For instance, how
often a person talks with or visits immediate neighbours

165  Systematic Review of Density Performance

102

Trlica, A., L. R. Hutyra, C.
L. Schaaf, A. Erb, and J. A.
Wang. ‘Albedo, Land
Cover, and Daytime Sur-
face Temperature Variation
Across an Urbanized
Landscape’. Earths Future
5, no. 11 (2017): 1084-1101;
Zhao, Hongbo, Hao
Zhang, Changhong Miao,
Xinyue Ye, and Min Min.
‘Linking Heat Source-Sink
Landscape Patterns

with Analysis of Urban Heat
Islands: Study on the
Fast-Growing Zhengzhou
City in Central China’.
Remote Sensing 10, no. 8
(2018): 1268.

103
Chen, Dong, Marcus
Thatcher, Xiaoming Wang,
Guy Barnett, Anthony
Kachenko, and Robert
Prince. ‘Summer Cooling
Potential of Urban Vegeta-
tion —a Modeling Study for
Melbourne, Australia’. Aims
Environmental Science 2,
no. 3 (2015): 648-67;
Zhao et.al., ‘Linking
Heat Source-Sink’, op. cit.
(note 102).

107
Baldassare, M., and G.
Wilson. ‘More Trouble In
Paradise — Urbanization
And The Decline In Sub-
urban Quality-Of-Life
Ratings’. Urban Affairs Re-
view 30, no. 5 (1995):
690-708;
Fassio, Omar, Chiara
Rollero, and Norma De
Piccoli. ‘Health, Quality of
Life and Population
Density: A Preliminary
Study on “Contextualized”
Quality of Life’. Social
Indicators Research 110,
no. 2 (2013): 479-88;
Kytta, Marketta, Maarit
Kahila, and Anna Broberg.
‘Perceived Environmental
Quality as an Input to
Urban Infill Policy-Making’.
Urban Design International
16, no. 1(2011): 19-35;
Okulicz-Kozaryn, Adam,
and Joan Maya Mazelis.
‘Urbanism and Happiness:
A Test of Wirth’s Theory
of Urban Life’. Urban
Studies 55, no. 2 (2018):
349-64; Shaker et.al.,
“The Well-Being of Nations’,
op. cit. (note 82).

104
Yang, Feng, Stephen S. Y.
Lau, and Feng Qian.
‘Urban Design to Lower
Summertime Outdoor
Temperatures An Empiri-
cal Study on High-Rise
Housing in Shanghai’.
Building and Environment
46, no. 3 (2011): 769-85.

105
Yang et.al., ‘Urban Form
and Density’, op. cit.
(note 101).

106
Arundel, Rowan, and
Richard Ronald. “The Role
of Urban Form in Sustain-
ability of Community:
The Case of Amsterdam’.
Environment and Plan-
ning B-Urban Analytics
and City Science 44, no. 1
(2017): 33-53;
Brown, Zachary S., Walid
Oueslati, and Jerome Silva.
‘Links between Urban
Structure and Life Satis-
faction in a Cross-Section
of OECD Metro Areas’.
Ecological Economics 129
(2016): 112-21.

108
Schwirian, KP, AL Nelson,
and PM Schwirian. ‘Mode-
ling Urbanism — Economic,
Social and Environmental-
Stress in Cities’. Social
Indicators Research 35, no.
2(1995): 201-23.

109
Cao, Xinyu. ‘How Does
Neighborhood Design Af-
fect Life Satisfaction?
Evidence from Twin Cities”.
Travel Behaviour and
Society 5 (2016): 68-76.

110
Fassio et.al., ‘Health,
Quality of Life’, op. cit.
(note 107).

1m
Bramley, Glen, Nicola
Dempsey, Sinead Power,
Caroline Brown, and
David Watkins. ‘Social Sus-
tainability and Urban
Form: Evidence from Five
British Cities” Environ-
ment and Planning A 41,
no. 9 (2009): 2125-42.



. . . . 112
tends to be lower, not higher, in high-density areas.

Furthermore, density is not positively associated with
‘community’, including perceptions of safety, social in-
teraction and stability.113 There is only one paper that
contradicts these findings and reports that compactness
and density is found to have statistically significant di-
rect positive effects on opportunities to meet new peo-
ple, the number of close relationships and frequency of
socializing."* Two papers present inconclusive findings
on the link between density and social interaction.'

In line with the results for well-being, we found
proof that the relation between density and social inter-
action is not linear. Two papers report a non-linear re-
lationship between density and social interaction. For
instance, social interaction and group participation tend
to improve as density increases up to a medium level,
and then fall off at higher levels."® Another paper focus-
ing on social interactions in public outdoor spaces re-
ported a higher number of face-to-face social interactions
in urban areas and in rural areas, and lower percentages
of respondents living in suburban areas."” In other words,
medium densities seem to perform worse than both low
and high ones.

Density and Social Equity

The results of the studies related to social equity
are hard to interpret. Although more than half of the pa-
pers indicated a positive association with density, even
these findings are at times contradicting. The first pos-
itive effect reported is that higher densities correlate neg-
atively with price polarization." In other words, in cities
of higher density, a smaller disparity between housing
unit prices in the centre and the suburbs was found. How-
ever, another study reports that housing affordability de-
creases when density increases.”” It might thus be that
housing prices increase in general in denser cities, which
reduces affordability without affecting polarization.

Furthermore, it is shown that higher incomes grow
more quickly in denser cities, suggesting a dispropor-
tionate agglomeration of incomes in the highest income
categories.””’ Another study partly confirms this, but
displays that the relationship between density and in-
come segregation follows a quadratic function, first ris-
ing, then falling, as densities increase.” In other words,
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segregation is low in low-density regions, highest for moderately dense re-
gions, and somewhat less high in high density regions. Income segregation
increased most in regions whose density did not change and less in regions
whose density either grew or fell markedly. These findings reinforce the no-
tion that density has competing and contradictory effects on income seg-
regation.122 In relation to this, low-income households in denser areas are
more likely to experience fuel poverty, that is, spending 10 per cent or more
of the household income on energy.” This reflects the more vulnerable po-
sition of low-income households in higher-density environments, which was
confirmed by another study where the most important predictor of social
equity is the proportion of social housing. It seems that this offers the op-
portunity to ameliorate some of the negative effects that the market would
otherwise deliver to low-income groups in denser cities.

Besides these predominantly negative outcomes in relation to af-
fordability and income segregation, some positive effects are reported as
well. First, higher density is found to result in more equal access to services
in general,” and in the case of schools it is even shown that the distance
to a school is inversely correlated with a student’s achievements.” As dis-
tance tends to increase in areas of lower densities, density can thus indirectly
be associated positively with student achievements.

Density and Crime

The relation between crime and density exhibits a negative trend,
with an increase in population density yielding an increase in crime.”* How-
ever, the negative relationship is only significant if the neighbourhood or
dwelling is perceived as crowded with people, but not when density is meas-
ured."”” Because of the low number of papers in this category, we have to
be cautious about these results. Furchermore, all results are based on Asian
studies only, which makes it hard to say whether these findings are true in
non-Asian contexts as well.

Density and Health

Studies on the health impact of density are divided into effects on
physical health, air-quality related health and psychological healch. The
health impact of densification is primarily negative, except for its contri-
bution to more physical activity and reduction of obesity. We can thus con-
clude that higher density has a positive impact on health when it comes to
activating the population to walk more, which, in turn, reduces body mass
index (BMI) and obesity-related health problems. Also, it is stressed that
this is not due to density alone but relates to a higher mixing of functions
that support walking.

Health problems related to air pollution increase when density in-
creases in line with the earlier discussion on GHG emissions. The studies
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also highlight the importance of large green areas sur-
rounding the cities to mitigate air pollution.
Psychological health is also negatively affected by
higher density and the role of compactness or lack of
open space is shown to play an important role in this.

Density and Physical Health

The studies on the effects of density on physical
health can be subdivided into studies related to obesity
and physical activity on the one hand, and other phys-
ical healch issues such as loss of fertility, lung cancer and
heat vulnerability on the other. The studies that report
a positive impact of higher density are almost all related
to the first group, in which increased density is asso-
ciated with lower rates of automobile use and higher
rates of walking, which in turn is associated with a lower
BML."** Only in one study was the result found to be
statistically insignificant.”” It is shown that individuals
who move to denser neighbourhoods lose weight and
the greater the change in density the greater the weight
loss."™ In line with earlier findings, it is merely func-
tional walking that is affected by density and not rec-
reational walking, where the importance of mixed land
uses is emphasized to promote all walking, in addition
to high density."”

Negative impact of density on physical health is
reported in four studies that indicate increased heat vul-
nerability,”” a higher death rate in relation to epidem-
ics," lower fertility rates”™ and a higher risk for lung
cancer.” However, in relation to the latter, another study
reported that density had no impact.””® This study inves-
tigated many external factors, establishing that it is traf-
fic and not density that plays a significant role in pre-
dicting lung cancer incidence. Higher external traffic
volume presents a significant association with higher
occurrences of lung cancer, while building density was
not found significant. Thus, higher densities in combi-
nation with lower motorized traffic volumes might not
have a negative impact on lung cancer.

In relation to heat vulnerability, it is interesting
to point out that both high-rise areas as well as low-rise
but dense (compact) areas suffered many heat-related
health problems.”’
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Density and Air Quality

Eight studies report on the relation between density and air quality
with contradictory findings. Three studies report a negative correlation be-
tween density and pollutants; the higher the population density, the higher
the air pollution regarding NO,, CO, and PM 2.5 particle concentration."”
Also, population-weighted exposures were higher in compact regions than
in sprawing regions for both particulate matter and for ozone."” However,
another study indicated that an increase in population density is associated
with a significant decrease in the concentration of pollutants, but empha-
sized that this might be explained by the amount of green areas also pres-
ent."* This is confirmed in another study, in which results vary across the
region. Some urban zones exert a significant influence on air quality due to
congestion, but in other zones opposite results occur because of availability
of public transport and large green areas surrounding the cicies."

Density and Psychological Health

There is strong consensus on the reported negative impact of density
on psychological health. Hence, high-density neighbourhoods have more
people with stress-related health problems or depression.'* Noteworthy is
the variation in the role of two density measures in one study where the first
describes the intensity of the building bulk using floor area ratio (floor space
index, FSI) and the second described building coverage ratio (ground space
index, GSI).143 Contrary to the author’s assumption, the results disclose that
using FSI in the statistical model decreases the correlation compared with
using GSI. This means that the compactness of the built fabric or the lack
of open space plays an important role, while FSI and building heights play
a relatively small role in explaining perceived urban stress.

Spacematrix-Derived Performance Indicators

In the overview of density performance based on empirical studies
presented above, few of the studies discuss density using the multiple var-
iables that we propose in this book. In most cases, density is expressed as
population density. In some cases, a distinction is made between residential
and working population density, which has provided a better understanding
of their distinct roles in both the choice between different modes of trans-
port and the explanation of commuting trips and recreational trips.

Some studies do use the measures FSI and GSI, but very few combine
them and very few can therefore translate their results into morphological
terms. Four findings we presented above are worth repeating though, as for
these the link with Spacemate can be made and, thus, the relation with urban
form and building type. First, it is shown that built coverage (GSI) tends to
exert greater influence on urban vitality than built intensity (FSI), other things
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being equal."** In terms of Spacemate, this means the solutions that occupy
the upper right corner of the diagram @. Second, in the case of water man-
agement, the lack of pervious surfaces, directly related to the GSI, is the
main obstacle and not so much a high FSL'* Third, in relation to heat
vulnerability, both high-rise areas and low-rise compact areas suffered
from many heat-related health problems."*® In the Spacemate, these two
typologies occupy the upper left corner as well as the lower right corner,
leaving room for many typologies and densities that are less affected by
heat stress. Fourth, stress was reported to increase more due to a high GSI
than to a high FSIL.

The above shows how we can define areas within the Spacemate that
are empirically proven to correlate with certain outcomes. Besides this em-
pirical approach, we can also derive deductively how variables in Spacemate
might contribute to certain performances. In Chapter 3 a distinction was
made between the variables used to measure density (base land area, net-
work length, gross floor area and built area), the basic density indicators
(FSI, GSI and N), and indicators that can be derived from these, such as
OSR, L, w and b. The most basic properties of a built environment can be
said to already be present in these variables. On many occasions, such basic
data as the amount of programme and the use of the ground surface can
add to the understanding of an area in a first survey. Through their simplic-
ity, however, they add little to the understanding of a professional familiar
with a specific situation. The basic density indices have the ability to convey
more than the rather obvious. Building intensity and compactness of an
area can be achieved through the density variables and, in combination, a
Spacemate description of probable types can be made. The third group, the
derived indicators, can be considered as the most basic performance indi-
cators that have the ability to add information to these descriptions, not
by adding new variables, but through combining and extracting from the
predefined ones.

The very first derived indicator, introduced on page 97, is a descrip-
tion of a property of the built environment, namely its height (L =FSI/GSI).
It is an abstract description as it represents an average of a chosen selection
and has no intention to be specific to any individual building. As a matter of
fact, this indicative property of average descriptions is present on any level
of scale. Even for an individual building, a description such as ‘six floors’
usually fails to respect partial basements, setbacks and accents. Still, we keep
using it because of its pragmatic ability to focus on the main issue, tempo-
rarily ignoring specificities. This drowning of the particular in the tide of an
averaging description is not —as we have earlier emphasized —a specific char-
acteristic of the use of density, but of every representation (drawing, language,
and so forth). The indicators derived through density must thus be treated
as abstract approximations and used with the knowledge of its indicative and
not liceral character. Those derived indicators are valuable in comparisons
and for gauging trends, not as descriptions of individual components.
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Next to the very basic notion of building height introduced in the previous
chapter, indicators that depict spaciousness (OSR), and differences between
levels of scale (T, or tare) were introduced. Also, two indicators of meas-
urement were suggested that produce an abstract representation of street
mesh size (w) and street profile width (b) of a fabric. Other combinations
and performances can through creativity and investigation be derived or
constructed with the use of the basic density indices FSI, GSI and N.

We will explore five performances: parking, daylight access, noise
pollution, air quality and urbanity. This approach could also be extended
and applied to many other performances. In all cases, the investigation into
the relation between density and performance should always focus on the
conditional character of density for the performance of the urban landscape.
In some cases this conditionality is rather direct and obvious (for example
user intensity) and in other cases more concealed (daylight access), but still
linked to the physical laws of urban form. Even if weather, pollution and
interior decoration affect daylight penetration in dwellings, the urban lay-
out plays an important role in conditioning it.

It is important to emphasize here that the calculations and examples
that follow are only intended to identify such conditionalities and uncover
trends, and should not be interpreted as directly applicable values. Every
concrete situation necessitates a tailor-made approach to take complexity
into account. Nevertheless, the formulas and values can be used to support
explorative design processes.

Parking

In the current practice of urban planning, parking is often one of the
critical bottlenecks. Friction between parking, property and profit is pres-
ent early in the design process. The point at which it is feasible to opt for a
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built parking solution instead of public parking on the street is very impor-
tant as the costs for built parking solutions are generally high and profits
are racher low. Furthermore, the potential to create high-quality public pe-
destrian space in a dense urban setting is dependent on the number of cars
on the streets, both moving and parked. Alexander defines a threshold den-
sity of 75 parking places per hectare, which means that about 10 per cent of
the land is consumed by parking."”’ The basic question posed here is in what
way the conditions created by the urban layout (network density and street
width) and the amount of building bulk (FSI) determine the parking per-
formance on public streets and on private islands.

An initial rough estimate of the parking performance of an area can
be undertaken if we relate total programme (FSI ) to the amount of network
(N,). The first, programme, generates a need for parking, while the second,
network, can accommodate all or a part of this need. Three examples are
used to help explain the logic of this relacion. @ All three areas have the
same FSI on the scale of the fabric but have been realized within different
network layouts. In the first example much of the network is used to access
the buildings. In the second example, less network is available, and the last
example has only a quarter of the amount of network of the first one.

The general parking performance under different density conditions
can thus be described in terms of the capacity of the network to accommo-
date parked cars. This Parking Performance Index (PPI) can be defined as the
amount of the parking capacity of the network that is needed for parking:

(20] PPI = Parking need / Parking capacity

A PPI larger than 1.0 means that the capacity is insufficient and a PPI less
than 1.0 that the need can be accommodated for by the network. In what
follows we will define the two components, capacity and need, more pre-
cisely to arrive at a variable description of the parking performance that can
be used to assess plans and reveal trends.

Capacity of the Network

First, the capacity of the network has to be determined. Depending
on the length and the width of the network, a certain number of cars can, in
theory, be parked in this network. The logic of this relationship is rather sim-
ple: a fabric with the network density N has a certain street length with the
average width, b, that can accommodate the parking need generated by the
floor space, F, of the same area, A. Two issues are of importance for the capac-
ity of the network: the number of crossings and the possible parking layouts.
A specific area has a certain amount of network, described by its network
density, N . The higher the network density, the more street length is present
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in that area. Not all of this network, however, can be used for parking. For
every crossing the potential parking length is reduced. The resulting density

of the necwork with a potential for parking, N, can be described as follows:

® N -=I/A

P 'p

Ip = network with parking potential (m)

N, can be expressed in terms of network density and profile widch, tare and
privately issued land (PIL), as follows (see pages 231-233 for details):

® N =N(1-bxN,/2)
® N =NxJ/01-T)

@ N, =N xV(PIL)

The capacity of the remaining network to accommodate parked cars depends
furthermore on the chosen parking solution. For instance, a layout where
cars are parked on one side along the street can accommodate 0.2 cars per
metre of network.™ We can call this the minimum option. The maximum
option consists of cars parked on both sides of the street, perpendicular to
the street. This results in a maximum capacity of 0.8 cars per metre of net-
work.""” This varying form factor, r,, determines the parking capacity on
the micro scale. It must of course be chosen bearing the total street widch,
b, in mind. A maximum solution with double perpendicular parking lots
demands a profile widch of at least 20.4 m." On the other hand, with only
one line of parked cars along the street, the total width might be as lictle as
12.6 m. The threshold values for r  used here come from the Stichting Archi-
tectuur Research.”' @

Parking layout:

—— One sided, adjacent
r,=0.2 parking lots/m (b > 12.60m)
—— Two sided, adjacent
r,=0.4 parking lots/m (b > 14.40m)
—— One sided, perpendicular
r,=0.4 parking lots/m (b > 15.60m)
—— Two sided, one adjacent, one perpendicular
r,=0.6 parking lots/m (b > 17.40m)
—— Two sided, perpendicular
r,=0.8 parking lots/m (b > 20.40m)
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The capacity of the public network to accommodate parked vehicles, ex-
pressed as the potential amount of parking lots per m2 of a plan area (/m?)
can now be described as:

@  Parking capacity (per m?) =r xNxV(1-T))
or

@  Parking capacity (per hectare) = 10,000 xr_ x N, xV(1-T,)

Parking Need

The other part necessary to indicate the parking performance of an
area is the parking need generated by the traffic. Part of this is generated
by external traffic (visitors, for instance) but most of the need will be gen-
erated by homes and work places in the area (except for areas dominated
by shopping centres, cultural centres or other large attractors). In other
words, the parking need is largely generated by the floor area, which can be
expressed in terms of FSI. For housing the required parking can either be
related to the number of dwellings or to the amount of floor area. In the
last case this is mostly expressed as the number of parking places per 100 m?
of floor area. For offices and other work places norms are often used that
relate the required parking to floor area.

In its simplest form the parking need of a plan area can be expressed
as follows:
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(7] Parking need = FSl;xn_ /100

n, = the number of parking spaces needed
for every 100 m? of floor area.

In most cases the total programme of a fabric, FSI,, is composed of different
functions (houses, work places, services, etcetera). Different parking norms
can be defined for every separate programme and different values can even
be defined for different types of housing. In the event of a programmatic
spread (functional mix) we can define the needed parking as follows:

@  Parkingneed=FSI x(x,xn_ +..+x,xn_)/10,000

X, = the percentage of programme a;
n,, = the number of parking spaces needed

for every 100 m?2 of floor space with programme a."””

Parking Performance Index

The thresholds where public parking will become problematic or,
more importantly, when built parking solutions will be necessary, can be
derived from the combination of need and capacity. We can now return to
@ and compose the Parking Performance Index, PPI, by inserting @ and

®nd:

@  PPI=(FSl,;xn)/[100xr xNxV(1-T)]

Values of PPI lower than 1.0 mean that the network can accommodate the
generated parking need with the chosen parking solution. If the PPI ex-
ceeds 1.0 cthis means that the capacity of the network is too low or that the
required number of parking spaces is too high (too many cars for too few
parking lots). The value of the index also gives an idea of how dominant
parking will be in the street. For instance, a PPI of 0.6 means that there is
an overcapacity and only 60 per cent of the network will be needed for
parking in the chosen layout. In the case that the PPI exceeds 1.0 we can
choose to either change the norm; create more capacity by adding more
network; add parking on the island (surface or underground); choose an-
other parking layout (perpendicular instead of parallel, for instance); or
decrease the built programme. A combination of all these measures could
also be applied.

The maximum programme that can be realized in an area before built
parking will be necessary is:

®  FSI,=100xPPIxr xNxV(1-T)/n,
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Coffeng for a project in
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ing (including visitors), 4
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In this case the value of n has to be adapted to the theoretical street width, b.
The choice for a value for PPI determines the acceptable amount of parked
cars in the street space.

An indication of the performance concerning surface parking can be
derived through positioning some of the empirical samples in a FSI(N) dia-
gram. €@ shows a situation where a parking capacity of 0.4 parking spaces
per metre of network and 1.25 cars per 100 m? of floor space has been han-
dled to construct thresholds for a specific parking layout (rn =04, n = 1.25).
Only those samples with a theoretical street width of around 15 m have been
used. Samples located under the black line (PPI=0.75) have little problem
solving all the parking along the network. Between this line and the next
continuous line (PPI=1), more than 75 per cent of the streets are taken up
by parking and the car thus dominates public space. A position above this
line implies that there is too much programme and/or too little network
realized to solve the parking in the network. In such cases the excess need
can be accommodated by parking on private land (surface or underground),
or by accepting a less generous parking norm (a lower value for np). How-
ever, if the performance is satisfactory, meaning that PPI < 1, views can still
vary as to whether this is acceptable or not. Some might find it too crowded
with cars; others could claim that the norm is too low and would prefer at
least 2 cars per 100 m? of floor space instead of 1.25.

In the example described above the chosen parking layout was two-
sided parallel parking (or one-sided perpendicular) with r = 0.4. @ shows
the maximum FSI for different parking layouts and PPI=1.0. A higher net-
work density, or smaller islands, allows for a higher FSI. The slightly curved
lines of the figure are due to an increased number of crossings as the net-
work density increases. The three examples used in the beginning of this
paragraph are positioned in the diagram to illustrate the relation between
FSI and N, and parking performance. From the graph it is obvious that in
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the first sample, Zuidwest Kwadrant 3 (B in @), all parking can easily be
solved on the streets and that the second, Zuidwest Kwadrant 2 B, needs
the entire street capacity for parking (two-sided, perpendicular). The last
sample, Parksiedlung Spruch B, cannot solve the parking need in the public
street, and a large underground parking garage has been constructed to ac-
commodate the cars. The diagram is here used to evaluate three built envi-
ronments, but could also be used to guide the design process. Based on, for
instance, a given programme (FSI ) street profile, and the goal to accommo-
date all the required parking space on the streets, the most efficient network
density can be derived from the diagram.

Thresholds of Parking
The thresholds of surface parking are important, particularly for low-rise devel-
opments as built parking solutions are mostly unfeasible here. As shown above,
the capacity of the network to accommodate the parking need generated by
the dwellings depends on the network density and the width of the street
profile that determines the possible parking layout options. There are many
variables that are interdependent of each other and that together determine
the parking performance. To better understand the relationship between these
variables another trend can be gauged with the help of the earlier used N (b)-
diagram. In the diagram in € the gradient is drawn of the maximum FSI that
can be realized if the entire capacity of the network is used (PPI=1). The dia-
gram conveys the sicuation of one-sided parking, adjacent to the street (r,=0.2
and thus starting at a street width of 12.6 m). The maximum FSI for other
parking solutions can be derived using the formula @. The diagram in @ shows
how the continuously increasing profile width brings with it a sudden jump
in capacity when enough measure (street width) allows for a parking layout
with larger capacity (r  increases from 0.2 to 0.4, from 0.4 to 0.6, etcetera).”
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Daylight

This section serves to unravel some of the conditional aspects of den-
sity on the daylight performance of the urban fabric. In what follows, we
will conclude that OSR plays a very central role herein. The uncovered cor-
relation between OSR and daylight performance can be seen as rehabilitating
this indicator of spaciousness and, with hindsight, credit Hoenig for his as-
piration to create a qualitative spatial indicator. The daylight performance,
this section will show, can be integrated with the Spacemate, making it pos-
sible to gauge this performance in the interior, the exterior and for different
floor levels of a section.

Daylight and solar radiation have a great impact on the climate in the
city, both in the interior of buildings and in public space. Furthermore, the
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potential to create high-quality interiors in a dense urban situation is de-
pendent on the amount of daylight that is allowed to penetrate the interiors
of the buildings. With enough artificial light, anything goes, but if daylight
is considered essential to human well-being and an important ingredient for
high spatial qualities and energy saving, the daylight intensity of the exterior
and interior of the urban fabric has a strong influence on the limits of den-
sity and building types. The basic question posed in this section is to what
degree the conditions created by the amount of programme (ESI) and primary
distribution — coverage (GSI) and building height (L) — determine the daylight
performance in the urban exterior and the architectural interior. If chis is
substantial, how great is the influence of secondary distribution —in this case
building depth — compared to these basic conditions? This part of the re-
search employs both deduction and data from DIALux'> simulations. The
focus here is on indirect daylight and not on solar radiation and shading.

Daylight performance is, on the one hand, a result of a series of reduc-
tions of daylight access and on the other, an increase of light through reflec-
tions. The reduction of daylight in the interior can be described as a sitcuation
in which the sky is gradually obstructed by the ceiling, neighbouring buildings,
the partitioning walls of the interior, and finally by the facade covering the
interior. The daylight performance of the exterior (street, courtyard) is pri-
marily influenced by the street (or courtyard) profile properties, defined as
the distance between buildings and the height of those buildings. The loss of
daylight can in both cases partly be compensated by reflections through the
texture and colour of interior and exterior surfaces (ground, walls and fagades).

The most basic situation in the section was examined to illustrate how
the daylight performance of the exterior and the interior of buildings differs
in situations with varying FSI and GSI. It represents only a partial description
of the urban fabric but it does have the advantage of providing a manageable
amount of information and variables. The conclusions on the performance
of the sections should not be extrapolated into general conclusions on urban
fabrics, but they certainly do indicate trends and can be used as a guide for
furcher investigation of urban fabrics in all its dimensions.

Any Light versus No Light

In its most simplistic form, the daylight performance can be described
as the percentage of the total floor area that is exposed to the sky and thus
lic. Daylight performance in general can be described by the Daylight Per-
formance Index, DPI . The notation n indicates the value of the Daylight
Factor (daglichtfactor), DF, which expresses the quotient between the light
intensity (lux) at a certain point and the light intensity in a non-obstructed
situation in ‘the open field’ In an open field, no obstructions are present
and DF is 100. In a compact alley DF might decrease to 30, and at a point
a couple of metres behind the fagade, this value might be reduced to 3. This
means that the intensity of the daylight in the alley of this example is 30 per
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simulation program for ar-
tificial light, but since
2007 daylight simulation
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dialux.com).

cent of the intensity that we could measure — and experience —in an open,
non-obstructed field. In the interior this is further reduced to just 3 per
cent of the open-field situation.

DPI | describes the daylight performance by comparing areas with a
Daylight Factor of any value above zero with all of the available floor area.
DPI, thus only makes a distinction between areas exposed to daylight (DF > 0)
and dark (non-exposed) areas (DF =0). A DPI | of 100 (or more) means that
all of the floor area is exposed to some amount of daylight.

For a section without interior walls and with no reflection (which we
can call the urban casco), the consequences for the daylight performance on
the ground floor, the floor level with the least daylight, have been examined
using a series of variations. @ In the first series (A), the amount of programme
is changed while the ground coverage remains constant. This means that the
GSI has been kept constant as FSI and L vary. The second series (B) describes
different primary distributions. In this case, the amount of programme, or
FSI, remains the same, and the ground coverage and height differ.

The results for the different scenarios have been arrived at through
simulations with DIALux and with calculations. @ shows that the perfor-
mance is proportionally inverted to the FSI, or the amount of programme.
More programme means less daylight on the ground floor. This conclusion
could in most cases be made based on individual experience, but the non-
linear character of the trend is difficult to unravel purely by intuition and
practical experience. The rate of decrease is high when the FSI is low and
slows down when the FSI becomes higher.

This demonstrates the relationship of daylight performance to the
amount of programme, but how does the primary distribution of this pro-
gramme influence the daylight performance? If a comparison is made be-
tween situations with the same FSI (amount of programme), but with dif-
fering GSI (coverage), the trend is also one of decline. A distribution with
high buildings and low GSI has a better performance than low buildings
with less distance between each building, and thus a high GSI, although
they both accommodate the same amount of programme (FSI).

The formula for the geometry of the section that combines these
trends can be expressed as follows:'*

(51) DPI,=200(1-GSI)/(FSI-GSlI)

This formula shows that for the section, the percentage of floor surface ex-
posed to any daylight (DPI ) can be described purely with density variables.
The diagrams in @ show the correlation between theory (formula 31) and
computer simulations with DIA Lux.

Two other series of transformation, regarding the distribution of build-
ing mass with a constant Spacemate density, have been studied to understand
the influence of the secondary distribution on daylight performance. If a
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situation with a constant distance between buildings is compared to a sit-
uation where the street widch differs from the size of the courtyards, it ap-
pears that the daylight performance remains constant. (Series C in €@, and
left diagram in @) Also when deep buildings, placed at great distance from
each other, are compared to slender buildings close to each other, no dif-
ference in performance occurs. (Series D in @) This further confirms the
conclusion that daylight performance to a large extent is conditioned by
density, that is, FSI and GSI.

Finally, the influence of the floor height has been investigated. The
above formula @ can be transformed into:

® DPI,=200xh (1/GSI-1)/H

h, = the floor height on the nth floor (m);
H = the remaining building height above the nth floor (m).
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Here we can see that the daylight performance is directly proportional to
the height of the floor considered. This is also confirmed by DIALux sim-
ulations. (Series E in €, and right diagram in @)

Real Levels of Daylight

Up to now the position of zero lux (or DF = 0) in the interior has been
used to trace density trends. This, of course, is not very relevant to the real
situation where sufficient levels of daylight for different activities are used.
For instance, DF = 0.5 can at the laticude of the Netherlands be considered
enough for a human being to be able to orientate in a room, DF=2.5 is re-
quired to read and do paperwork, and, if this is done during the whole day,
DF=51is preferable.157 It should be noted, however, that the absolute values
of the intensity greatly varies during the day, and are dependent on the
season and geographical position. A Daylight Factor of 60 at a specific po-
sition, on the other hand, means that the daylight intensity at this position
will always be 60 per cent of the open field intensity: 60 per cent of the
low intensity on a clouded and grey afternoon, but likewise 60 per cent of
the intensity on a clear summer noon. The Daylight Factor thus describes
a property of a building and its environment itself, no matter if it is the sun
or the moon that is shining (or not).

Besides these objections with respect to the performance of the inte-
rior, the intensity in the exterior (streets and courtyards) also needs to be
scrutinized based on real values and levels of acceptance. An exterior with
no light, DF =0, does not exist (otherwise it would by definition not be an
exterior), but still, there are of course variations in the intensity of the day-
light at the exterior.
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To expand the discussion to real levels of daylight, we start by looking at
the distribution of daylight in the interior. @ shows the different intensities
in the interior with different degrees of obstruction. In the diagram, the
distance of an obstructing object varies between 5 and 80 m. If the different
intensities at the fagade are related to the angle of obstruction, a diagram
as shown in @ can be constructed. This shows a trend that quite accurately
can be described by a cosine function. At the fagade, with no external ob-
struction, the intensity is half of the intensity in the open field, or, DF = 50.
@ This means that the intensity at the fagade as a function of the angle of
obstruction, DF (a), can be described as follows:

(53] DF,=50xcosq,
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To be able to describe the intensity at any other position than the fagade,
we must take into account both the internal angle of obstruction (a;) and the
external angle of obstruction (a,). The gap between these two, the daylight
angle, determines the intensity at a random point in the interior.

It can be shown, by using @ that the Daylight Factor, DF,, at a point
in the interior of the building at a distance x, from the fagade can be deter-
mined by DF,=50x(cosa, - cosa,), where a, is the external angle, and q,
the internal angle of obstruction. For the exterior, the formula changes into
DF,=50x(cosa,, +cosa,,), where a,, and a,, are the two exterior angles
of obstruction.

The daylight factor at the distance x from the fagade for interior (DF )
and exterior (DF ) thus becomes:

@ DF =50x(cosa,_-cosaq,)

©® DF =50x(cosa,+cosa,,)

The different angles can be derived through the geometry of the section @:
tana,=Lxh/(b+x,)
tana,=h/x,
tana,=Lxh/(b-x,)

tana,,=Lxh/x,
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Contribution of the sky to
the intensity at the fagade
without (left) and with
(right) external obstruction.

Contribution of the sky
to the intensity in the
interior, A-B (left); and
exterior, A+ B (right).



It now becomes possible to continuously describe the daylight factor at
every position through the section:

©®  DF =50x{coslarctan(Lxh/ (b +x))]-coslarctan(h / x)1}
@  DF_ =50x{coslarctan(Lxh /(b-x.))]+coslarctan(Lxh/x )1}

L = number of floors;

h = average floor height (m);

b = profile width (m);

x, = distance from fagade, interior (m);
x, = distance from fagade, exterior (m).

Based on these formulae the Daylight Factor has been calculated for three
sections in which the street widch and GSI remain constant (b=12 m, and
GSI=0.5), but the programme —and thus building height — vary: FSI=1.0
and L=2; FSI=1.5 and L=3; and FSI=3.0 and L =6. The Daylight Factor
through the section is represented in @.

For the series A to D that were described earlier, the trends for real
values can now be studied, both for the interior and the exterior. Diagrams
in @ show that the decrease of the Daylight Factor on the exterior follows
the same trend as the interior, both in its dependency on the FSI and the
GSI. In addition to this, the real values for the interior can be compared to
the simulated and theoretical result for DPI | that were shown in @. They
are, as could be expected, lower, but follow the same trends. @

This continuous description of the light intensity for the exterior and
the interior shows how daylight performances of built space can be described.
Depending on the programmatic requirements one can for an interior de-
fine the required minimum Daylight Factor for an activity or programme,
and the desired amount of surface with that minimum Daylight Factor in
relation to all built surface. In housing, for example, one could define the
required Daylight Factor for served areas (e.g. living room, kitchen) as at
least 2.5, and attempt to have a minimum of 60 per cent of the floor area
at such levels. This means that DPI, ; should be larger than 60. The remain-
ing 40 per cent would then be suitable for circulation, service spaces, stor-
age, and so forth.

With the use of practical levels of daylight intensity the building depth
becomes essential to the practical performance of the interior, whereas this
is of no relevance to the theoretical approach of zero lux (DPI ). In an unob-
structed situation the theoretical DPI | will always be 100 per cent, whatever
depth the building might have. However, when we gauge practical values,
such as DF > 5, there are limitations. This can be explained by the above for-
mula @ and is also easy to confirm with simulations. For a floor height of
3 m this means that a Daylight Factor larger than 5 can never be reached at
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a distance greater than 6 m from the fagade, even with no external obstruc-
tion whatsoever. @ This applies, as in previous examples, to situations with
an open fagade, no partition walls and zero reflection.

In the earlier series D, where the building depth varied with constant
FSI and GSI @, the daylight performance (DPI 0) was constant, independent
of the building depth. When the series is studied for real values, however,
the values are not only lower, but also vary. @ Here one can identify a clear
optimum for the performance at a certain building depth. In the case of
series D (FSI=2.6; GSI=0.5), the maximum performance of the interior
takes place in buildings with a depth of approximately 10 m.

For other densities, the peak performance takes place at different
building depths. A lower density has its optimum with less deep buildings,
in this case 7 m, and for a higher density the maximum performance is
achieved with rather deep buildings of around 15 m. However, the same
daylight performance can be reached with deeper buildings of lower density.

When it comes to the trade-offs between building depth and the
width of the open space (courtyards and streets), one can conclude that
with one and the same density the daylight performance of the exterior
increases when building mass is concentrated: thicker buildings mean wider
open space, and thus a smaller angle of obstruction and more daylight in
the exterior (GSI and FSI constant). At the same time, increasing the build-
ing depth beyond the peak, as shown in €, results in a reduced performance
of the interior.

Daylight Performance Index

So far we have investigated the dependence of the daylight perfor-
mance (in interior and exterior) on the different density indicators. As those
indicators (GSI, FSI) are the same ones that constitute the core of the Space-
matrix method, it could be revealing to represent the daylight trends in one
of its projections, the Spacemate. The series of transformation that were de-
scribed earlier (Al to A3, and Bl to B3 in @) can be positioned in the Space-
mate diagram. By using the formula @ DPI =200 x (1-GSI)/ (FSI - GSI)
gradients can be added which describe the daylight performance of the in-
terior for each specific density condition. @

The DPI | gradients are comparable to the Open Space Ratio gradi-
ents as can be seen when comparing the above formula to formula @ OSR
=(1-GSlI)/ FSl derived in Chapter 3. The only difference between OSR and
DPI  is that for calculating the daylight performance, the floor area on the
ground level is subtracted from the total amount of building bulk. This means
that daylight performance on the ground floor can be described as the OSR
of the floors above.

So far, only the daylight performance on the ground floor has been
examined. By using the Spacemate diagram the daylight performance of all
floors above the ground floor can easily be assessed. @ shows the position
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of section A3 @ in the Spacemate. For the ground floor the daylight per-
formance can be read directly from the diagram (DPI 0= 26). For each storey
above the ground floor the performance can be reached by subtracting the
lower storeys. In the diagram this means to move down step by step, from
layer to layer, until the last gradient of one storey is reached. In the example
the daylight performance of the top two floors, the sixth and seventh floors,
are more than 100 per cent.

@ © show the gradients for the DPI using the zero lux (or DF>0)
demarcation of ‘dark’ and ‘light’ areas. To describe the performance for real
values in the section that has been investigated in this paragraph, two more
factors that complicate the performance of the exterior and interior must
be taken into account. These are the Daylight Factor values and the depth
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of the buildings. However, even when these factors are taken into consider-
ation, the trend of the gradient does not change. @ The spread of its abso-
lute values change only when a different daylight factor is used as a standard
or another building depth is applied.

Finally, the performance of the exterior in relation to density can
be represented with the use of Spacemate. In the middle of a street or
courtyard, the two angles in €@ have the same value. This means that the
formula for the performance in the middle of the open space, can be de-
scribed as:

©® DF_=100xcosaq,
The external obstruction angle in the middle of the open space can be arrived
at through:
©® tana,=2xh/(dxOSR)
© then becomes:
® DF_=100xcos{arctan[(2xh/(dxOSR)I}
h = floor height;

d = building depth.

The formula shows that for a constant floor height and building depth, the
performance of the exterior space depends only on the OSR. This means
that also for the exterior, a performance gradient can be constructed in
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Spacemate. @ shows such a gradient for buildings with a depth of 12 m and
a floor height of 3 m.

Daylight and Spaciousness

The above investigation shows a basic relation between density and
daylight performance of the section. This is the case both for the interior
and the exterior. However, the trends only become comprehensible if a
multivariable model of density is applied. Sure, intuition, experience and
even calculations lead us to conclude that more programme means less
daylight, high buildings obstruct more than low ones, and that more com-
pact layouts are less daylight intense than spacious ones. But only when
these are combined do the general trends become visible. The analyses and
representations in Spacemate show an intimate relation between daylight
performance and OSR. This might in retrospective shed some light on the
centrality of the concept of spaciousness (Weitraumigkeit) introduced by
Hoenig in the 1920s and restore some of its aspirations as an indicator of
quality of the urban fabric.

The gradients of daylight performance in Spacemate also demon-
strate that for one and the same amount of programme (FSI), a high and
spacious layout will perform better than a lower and more compact one,
both in the interior and the exterior. Thus if the performance of daylight in
the built interior and exterior is seen as an important part of the overall
quality of the built environment (biological and psychological well-being,
energy saving, etcetera), and if we regard intensive land use as a necessity in
aworld of limited space and resources, then we have to conclude that high
and spacious fabrics score better than low and compact ones. On the other
hand, high-rise developments are often critiqued for a lack of human scale
of buildings and open spaces. Some might therefore end up promoting the
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Spacemate with gradients
of daylight factor (DF) in
the exterior, in the middle
of the open space (d=12m,
h=3m).

compact historical city of the nineteenth and beginning
of the twentieth centuries as an attractive alternative to
the spacious post-war urban expansions that are too high
and the compact suburban developments of more recent
years that are too low. This does not change the fact that
even such a familiar city form should be scrutinized and
constantly investigated to be further understood, opti-
mized and judged. Not least in matters concerning day-
light performance.

Air and Noise Pollution™

According to the World Health Organization, the
top two causes of disease are air pollution and environ-
mental noise.”’ Numerous studies, both international and
Swedish, have shown that air pollution, especially parti-
cles, contributes to long-term morbidity and mortality
from cardiovascular and respiratory diseases.'”’ Concern-
ing noise, there is significant and increasing evidence for
serious health effects due to long-term exposure to high-
level traftic noise in dwellings, including annoyance, sleep
disturbance and ischaemic heart disease.”' Future plans
to reduce both air and noise pollution are considered in-
sufficient, whereby additional measures are needed of
which one can be found in the form and placement of
buildings in relation to roads. A simplified example is a
courtyard with an opening towards a busy street that fa-
cilitates ventilation of the street space and thereby im-
proves the air quality in the street.'” Such openings may,
however, prevent an effective reduction of noise levels
in the courtyard.'” This so-called ‘quiet side concept’
is something urban densification projects rely on to a
large extent, allowing higher noise levels towards the
noisy street if a quiet (or muted) side to each apartment
is guaranteed.'

To test the relation between the Spacemate var-
iables and noise and air pollution, first, six theoretical
urban models (cases) are used €. Second, simulation
software is used to calculate the levels of noise exposure
and air pollution in space. Third, the relation between
urban form and noise exposure and air pollution is stud-
ied using mean values of exposure for the yard (private
land) and sidewalks surrounding the street-block (public
land) separately. To study the effects of building types
on the distribution of noise exposure and air pollution,
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Case 1

FSI  GSI OSR L
182 036 035 5.0
Case 2

FSI  GSI OSR L
182 0.33 037 56
Case 3

FSI  GSI OSR L
182 029 039 64
Case 4

FSI  GSI OSR L
1.82 029 039 64
Case 5

FSI  GSI OSR L
182 020 044 091
Case 6

FSI  GSI OSR L
1.82 0.13 048 140

@

the six models were situated in an unbuilt area in central Gothenburg. The
location is necessary to have a constant, but realistic background level of
noise exposure and air pollution, where we then place the six cases to study
the isolated effect of changes in building type and density.

Modeling Noise Exposure

Concerning the acoustic modelling of urban form, most aspects can
be considered using available noise-mapping software, including the back-
ground noise levels from a larger area. However, since these methods are
not applicable to closed courtyards,'® an extension is applied using results
from the Qside project.'®® A commercial software'® is used following a pre-
diction model' that considers 27 frequency components of the sound, five
reflections and neutral weather conditions. The traffic flow on each of the
local roads is 1,500 vehicles/24 h (average for one year), consisting of 95
per cent light, 2.5 pre cent medium heavy and 2.5 per cent heavy vehicles,
driving 50 km/h.

To compare the effects of the different morphological types, mean
and highest values of noise exposure (in dBA) are used as well as the stand-
ard deviation within the area. The values are taken from the street-block in
the middle of the area studied €@ to avoid disturbance from the context
and to ensure the isolation of the impact of the building type only on noise
level distributions.

For noise exposure, the results show that the mean values are rela-
tively stable in the sidewalk area, while they increase in the yards, from 45
dB in case 1 (perimeter block type) to almost 55 dB in case 6 (point building
type) @ @. The highest values in the yards reach almost 60 dB in case 6. The
values in the sidewalk and yard areas vary, depending on the morphological
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type, especially in the yards. Most variation in the yard is found in type 2
(U-block) and 3 (open corners), while type 1 (block) and 4 (strip) show the
least variation. Low mean noise exposure in type 1 is thus constant for the
whole yard, while in type 2 and 3 we find areas with low, but also relatively
high exposure. The yard in type 4 has less variation, but in general a higher
exposure. Summarizing, the sidewalks are equally exposed to noise, inde-
pendent of the morphological type, while the yards in the block type (case
1) perform much better than the strip (4), L-block (5) and point type (6). The
half open block types (cases 3 and 4) have lower mean exposure with rela-
tively high variations. Typically, the open corners are more exposed to noise
than the enclosed parts of the yard.
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Levels of noise exposure
(dB) in relation to building
type and density (GS values)
with results on sidewalks
(left) and yards (right).

Levels of air pollutants
(NO,) in relation to build-
ing type and density
(GSlI values) with results
on sidewalks (left) and
yards (right).



Modeling Air Pollution
For studying the effect on air quality of different morphological types, we
use, for local modelling, the CFD-model (MISKAM)."” The meteorological
input is based on results from urban scale modelling (TAPM meteorological
dynamic model),”” including the six morphological types that create a mod-
ified wind field. To compare the effects of the different morphological types,
mean values of air pollution are used (NOx values per unit area) as well as
maps showing the distribution of the air pollutants in space.

For air pollution, the results show that the mean concentration of
nitrogen oxides are relatively stable in the yard area, while they increase on
the sidewalks, from a yearly mean concentration of nitrogen oxides of 5 in
case 6 (point type) to almost 30 in case 1 (block type) and 2 (U-block type)
@ @. Furthermore, a high percentage of the sidewalks in cases 1, 2 and 4
have a concentration of more than 30, while case 3 (open corners) stays be-
low this threshold, despite similar mean levels.

Exposures to Noise and Air Pollution

Interestingly, the results of noise exposure and air pollutants show
opposing results. Types that reduce noise exposure in the yards, increase
air pollution on the sidewalks and vice versa, types that reduce concentra-
tion of nitrogen oxides on the sidewalk, increase noise exposure in the yards.
This is most apparent for the block type (case 1) with ‘quiet yards, but pol-
luted streets’, but also for the strip and point types (case 5 and 6) with ‘noisy
yards, but less polluted streets’. The other three types show a more complex
trade-off between noise exposure and air pollution: U-block type (2), open
corner block type (3) and L-block type (4). From an air pollution perspec-
tive, the open corner block type (3) performs better than the other two, be-
cause it has a more even distribution of pollutants on the sidewalks, while
the others have similar mean values, but higher values on half of the sidewalk
area. From the noise exposure perspective, the U-block type (2) and open
corner block type (3) perform equally well with lower mean values and a
high variation, meaning that the yards have, besides noisy areas, also more
quiet parts. Thus, type 3 stands out positively in both perspectives, albeit
not best from one perspective alone.

Speculations on ‘Urbanity’

Since the 1980s, ‘urbanity’ has achieved a central position in discus-
sions on the city, mostly as a concept with rather positive connotations.
‘Overcrowding’ and ‘urbanity’ might be regarded as two different interpre-
tations of similarly intense situations, the choice between the two terms
depending on how the quality of life taking place in an area is judged: over-
crowding can be used to describe collectives of people in the ghettos a cen-
tury ago or the cramped settlements in developing countries today, whereas
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urbanity might be more suitable to large gatherings of
people, composed of emancipated individuals, consum-
ing and interacting on terraces, around museums and
along shopping streets. Urbanity has in its present use
a positive connotation while overcrowding is mostly as-
sociated with the negative connotations of combining
physical concentration and social misery.

Eduardo Lozano describes urbanity as the poten-
tial for inhabitants and institutions in a town or city to
interact.””' This potential is partly created by density and,
in turn, encourages higher density, according to Lonzano.
Diversity, complexity, identity and flexibility are terms
that are often associated with urbanity. The concept is
frequently used to describe a human condition of plu-
rality, difference, interaction and communication.”* Al-
though all kinds of social and spatial factors are involved
in producing diversity, a dense concentration of people
is, according to both Jane Jacobs and Lozano, one of
the prerequisites for a flourishing and diverse city: “The
other factors that influence how much diversity is gen-
erated, and where, will have nothing much to influence
if enough people are not there."”

The term ‘urbane’ has its origin in the Latin di-
chotomy of urbanus versus ruralis.” To be urbane is to
be equipped with courtesy, refinement, politeness and
civility. Urbanus was the domain of the civilized citizen
of the Roman city, in contrast to ruralis, the uncontrolled
areas of the barbarian and uncivilized rural masses, al-
ternatively the tranquil backwardness of the country-
side. In many ways urbanity still has connotations of a
smooth and literate style, free of barbarism and other
inappropriate behaviour. Richard Sommers remarks that
a concept such as urbanity also often works as an attrac-
tive front, shielding much of the blunt commercial and
exclusive character of urban developments.” A high con-
centration of purchasing power thus seems to be stim-
ulating to urbanity, while a high concentration of pov-
erty tends to be deemed as dull, overcrowded and a suit-
able opportunity for regeneration. The urbanity that is
striven for in present policies can from such a perspec-
tive be criticized for being largely covert gentrification,
revitalizing not so much the chances of ordinary citizens,
but describing a win-win situation for the city elites (de-
velopers, politicians and the creative and middle and
upper classes):
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The good city is primarily associated with the ability of its physical
spaces to support a rich and intricate visuality that promotes what is,
in practice, the pleasures of the yuppie lifestyle and its programme
of shopping and dining, of fitness, of stylishness and mobility, and of
a certain level of associative urban connoisseulrship.176

Present enthusiasm for urbanity and the dynamics and vitality of city life
is not a neutral phenomenon, but carries ideological bias. Next to the af-
firmative stance towards the accelerating intensity of urban life, there exists
also a critical and sometimes dystopian intellectual tradition. To the first,
the modern urban condition equals opportunity and expansion, to the sec-
ond it leads to alienation and loss of personal and cultural identity. Terms
such as alienation, loss of the Self, and chaos are associated with this line
of thought on the effect of the modern city on human experience. Writers
such as Charles Baudelaire, Walter Benjamin and Knut Hamsun point to the
destabilizing effects on humans of the dynamics and speed of the rapidly
modernizing city.

José Lluis Sert and Lewis Mumford and, more recently Mike Davis
and Michael Sorkin, are examples of intellectuals that have all taken a crit-
ical stance on (aspects of) modernity, capitalism and the impact of the city
on human life. Mumford favours a decentralized regionalism against the
“The Myth of Megalopolis’"”” In a spirit resembling the scepticism towards
industrialization and mass production of William Morris and the Arts and
Crafts movement in England — but perhaps more misanthropic and less ro-
mantic — Mumford grieves the loss of humanism through modern history.
He views urban history through the ‘oft-repeated urban cycle of growth,
expansion, and disintegration’, and warns that the modern megalopolises
face the same destiny as antique Rome. Davis’s recent neo-Marxist criticism
of the urban condition attacks the ‘dynamic, ever-growing social inequality,
[which] is the very engine of the contemporary [neoliberal] economy’. In
the book with the apocalyptic title Evil Paradises: Dreamworlds of Neolib-
eralism, Davis describes how ‘the spatial logic of neoliberalism (cum plu-
tonomy) revives the most extreme colonial patterns of residential segrega-
tion and zoned consumption’.”® In a global perspective, ‘the bright archi-
pelagos of utopian luxury and “supreme lifestyles” are mere parasites on a
“planet of slums™. This reads like a twenty-first-century global version of
Engels’ book on Manchester: The Conditions of the Working Class in Eng-
land in 1844.

In contrast to these sceptics, Jacobs can be seen as central to the re-
habilitation of the city and its dynamic potential against both modernists
(Le Corbusier, et al.) and regionalists such as Mumford. Present day exam-
ples of affirmative attitudes to urban economic and psychosocial dynamics
can be found in Richard Florida’s emphasis on the relationship between the
urban, a creative class and economic competitiveness, and Peter Hall’s book

200 THE PERFORMANCE OF DENSITY

176
Sorkin, M., “The End(s)
of Urban Design’, Harvard
Design Magazine fall 2006/
winter 2007, 5-18, 12.

177
Mumford, L., The City in
History: Its Origins, Its
Transformations, and
Its Prospects (New York:
Harcourt, Brace and
World, 1961).

178
Davis, M. and D.B. Monk
(eds.), Evil Paradises:
Dreamworlds of Neo-
liberalism (New York: The
New Press, 2007).

Cities in Civilization in which the golden ages of civilization through history
are recorded and related to the culturally and economically innovative and
productive climate of interactive city life.””

The wide range of analyses and judgements on the urban condition
and its positive and negative connotations, where in the examples men-
tioned here ‘modernity is either embraced with blind and uncritical enthu-
siasm or otherwise condemned with a neo-Olympian remoteness and con-
tempt,'™ shows that it is not easy to distil a consensus from the existing
views of what can be understood by ‘urbanity’. Furthermore, even the in-
trinsic relationships to physical conditions have at times also been ques-
tioned. Melvin Webber describes urbanity as mainly being dependent on
openness and accessibility.” These are aspects that do not necessarily have
to be conditioned by the physical givens of the built environment. With
modern communication technologies, an urbanity defined in this way can
be sustained that is not dependent on the physical contacts between peo-
ple, according to Webber. The research group OSA (Onderzoeksgroep Steden-
bouw en Architectuur) at the University of Leuven in Belgium adds ‘network
urbanity’ to the discussion. This is an urbanity which has no relationship
to the old, dense city and develops on the urban fringe."

It can be concluded from this that the notion of urbanity is a very
elastic one. We do not here want to take a stance on any correct definition
or suggest a new one, but prefer to delineate the notion of urbanity into
separate sub-properties, focusing on the physical-spatial properties of the
built environment. We suggest that physical factors such as interface (the
relationship between buildings and network), building surface (coverage),
grain (or block) size, profile width and tare space (proportion of private
and public space) can be viewed as elements contributing to a description
and understanding of the concept of urbanity. In this paragraph we will,
therefore, discuss the performance of some of these properties in relation
to density. If such properties are seen as being central to the definition of
urbanity, then the outcome might help to judge the degree of urbanity in
an area. If chis is not the case, if for example the more traditional defini-
tion of urbanity as physically conditioned is deemed irrelevant, then these
performances can still convey specific characteristics of the built landscape
without explicitly being labelled conditions for urbanity. Depending on
the view taken on urbanity, one is free to incorporate the performances
of the sub-properties as a description of a situation as being more or less
urbane, or just leave them as descriptions among others, but not neces-
sarily essential to the chosen notion of urbanity. Below we will discuss the
sub-properties user intensity, catchment and network and connectivity
ratio. This series of sub-properties is certainly not exhaustive, and, as was
the case for parking and daylight access, the analyses constitute starting
points for further investigation rather than presenting absolute values of
performances.
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User Intensity

Lozano describes the relationship between density, user intensity
and urbanity in North American cities as based on the concept of viable
thresholds:

At certain densities (thresholds), the number of people within a
given area is sufficient to generate the interactions needed to make
certain urban functions or activities viable. Clearly, the greater

the number and variety of urban activities, the richer the life of a

. o . 183
community; thus, urbanity is based on density.

Following this line of thought, Amsterdam in 1880 can be described as being
much more urbane than it is today. In 1880 the average population density
in Amsterdam was almost 600 inhabitants per hectare. Today, the city is
nine times less intensely inhabited; the population density was 64 inhabit-
ants per hectare in 2000.

Lozano describes a series of density thresholds as being critical to
different levels of urbanity (or lack of it). The distinctions made are based
on housing density"®* and are very much related to development types com-
monly found in the USA. According to Lozano, the first threshold can be
found at 20 dwellings per hectare (40 inhabitants per hectare) ‘since below
that level it is difficult to provide community facilities in close proximity
to the dwellings’"® The urban fabrics are dominated by detached houses
and semi-detached two-family houses and can be positioned in Spacemate
(FSI;=0.3; GSI, = 0.15)."% @ The next threshold is found starting at 130
dwellings per hectare (260 inhabitants per hectare or FSI.=2.0). Above this
level, according to Lozano, ‘there can be a wide variety of facilities and ac-
tivities easily accessible to each dwelling’" Jacobs argues that an even higher
density is necessary if we are to speak of urbanity.™ The bandwidth described
by Jacobs starts at 175 dwellings per hectare (350 inhabitants per hectare or
FSI 2.2) and has a maximum of 350 dwellings per hectare (700 inhabitants
per hectare or FSI 4.4). Higher intensities, according to Jacobs, lead to stand-
ardization and, therefore, to an absence of diversity. Lozano, in a similar way,
highlights different complications and less positive performances when den-
sities become very high. Urbanity is certainly present, but in Lozano’s opin-
ion issues such as parking, congestion, lack of open space and privacy make
it a very unattractive form of urbanity.

Discussing user density, one also needs to take into account the split
between residential and non-residential users, as well as the composition
of the latter. Workplaces, tourists and visitors of different kinds of ameni-
ties; all contribute differently to the user intensity of network and other
public spaces. A one-sided focus on residential users overlooks a great deal
of important activity that further increases user intensity.

Potential user intensity is dependent on internal and external factors.
One internal factor is the one sketched so far; the potential for a presence
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of plenty of people in an area, generated by the floor space present in that
area. The second, the external factor, depends on the modes of transport
and the accessibility for those different modes in an area. Inner-city shops
do not only rely on clients who live within walking distance. Even if an area
has a relative high density, it will probably not generate enough consumers
locally to support a large and diverse mix of retail outlets. A large portion
of consumers come to those shops over long distances, all using different
modes of transport. Therefore, the potential in this case consists of an
internal component generated by the area itself and an external component.
In many cases amenities rely almost entirely on external users. Malls and
hospitals on the fringe, and a restaurant with a good reputation in an ‘off’
location are examples of attractors that have virtually no local user compo-
nent. Necessity and choice, in combination with good transport (private
car or public transport), draw visitors from a large catcchment area. Matters
such as centrality, transportation techniques, real estate economics, histor-
ically grown concentrations, transport pricing, and so forth all affect this
external component. Berghauser Pont et al."*” found a significant correla-
tion between characteristics of the urban environment, more specifically
built density and street centrality, and the number of people on the street
based on a full day pedestrian count survey in several neighbourhoods in
London, Amsterdam and Stockholm. They demonstrate that built density
explains the intensity of pedestrian flow, while variations in street central-
ity, or relative position in the system as whole, explain the distribution of
this intensity within each area.

Density and Catchment
Preindustrial, dense city settlements provided (and still do) a rela-
tively large cacchment area, even when most movements were made on foot.
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Much of the general decline in density discussed in Chapter 2 has been
possible because of developments in transport techniques. The sprawling
suburbs of North America are impossible to imagine without the private
car. Butin relation to density and catchment area, what do these historical
changes look like?

A half-hour trip by foot, bike or by car approximately covers an area
of 20,175 and 700 km? respectively.” For equal densities one could roughly
state that the car has increased the potential for employment, commercial
spending and social contact by more than 35 times compared to the most
ancient transport method and four times compared to the bike. However,
if a high-density city layout (the inner city of Amsterdam, for instance, with
an FSI of 2.0) with walking and biking as dominant modalities is compared
to a layout with low densities relying mainly on transport by car (for instance
Phoenix, Arizona, FSI 0.1), and the catchment is expressed in floor area and
not in ground surface only, then the advantage of potential interaction for
the car decreases to a factor of almost two compared to walking. In such a
comparison the bike in Amsterdam performs better than the car in Phoenix:
five times as much floor space is within the reach of the biker compared to
the motorist. If the sizes of dwellings are considered — larger suburban villa’s
in Phoenix (175 m?) versus smaller apartments in Amsterdam (75 m?) — the
walker in Amsterdam performs slightly better than the motorist in Phoenix
(1.3 times more dwellings can be reached on foot). By bike, almost 12 times
more addresses can be reached than by car in this example.

If public transport options such as tram, bus and metro are consid-
ered, the car’s reach remains larger. Public transport covers areas between
150 and 400 km?2, compared to 700 km? for the car.””" If a comparison is
made between the two city layouts used above (FSI 2.0 based on public
transport and FSI 0.1 relying on the car), however, then the picture looks
different. In terms of potential floor area that can be reached, public trans-
port scores between four (tram and bus) and twelve (metro) times better
than the private car.

As @ on page 62 illustrated, there seems to be an inverted relation
between transport energy consumption and built density. Focusing on an-
other aspect of transport, CO, emission, we find even larger differences be-
tween the sprawl and more dense settlements. The half-hour journey by car
produces between 1.8 to 3.8 kg of CO,, depending on the type of car. The
comparable journey by public transport produces between 0.3 and 0.5 kg of
CO,. If these two factors are combined — absolute CO, production and the
amount of floor area that potentially can be reached in the two examples — the
efficiency can be calculated. The car can potentially reach 20 to 40 m? of
floor area for every mg of CO, that is produced, while public transport brings
an individual the choice of 800 to 1,600 m? of floor area for the same mg of
CO,. In a situation with better filled busses than the present averages, the
difference becomes even more remarkable: 20 to 40 m? of floor area com-
pared to 3,400 m? of floor area per mg of CO, (factor 85 to 170).
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Low-density, car-dependent layouts provide less choice (less potential floor
area, or activity, to interact with), while consuming more energy and pro-
ducing more CO, compared to higher densities with public transport. In
addition to the larger efficiency in interaction for public transport in dense
settlements, the space consumption of the transportation modalities them-
selves differ significantly, as € illustrates.

Block Size and Walkability

Besides user intensity in general terms, the number of people and
vehicles moving and staying in the public streets can also be viewed as ele-
mentary to urbanity. This intensity can roughly be captured by the indicator
GSI (coverage), as a high coverage within the islands, and thus little open
(private) space, forces people into the public streets. The coverage mentioned
by Jacobs as successful for generating urbanity range from 60 to 80 per cent
of the lots (or islands), leaving the other 20 to 40 per cent non-built as court-
yards. This high coverage on the scale of the island, combined with high
built intensity (FSI) and little network (tare) space, should then generate a
high intensity of movements and interaction between people in the streets.

The basic definition of OSR describes the relationship between gross
floor area and all non-built space of the fabric. Often, however, it is of interest
to assess the relation between gross floor area and the public portion of the
non-built space (in this case the network area). This network ratio, AOSR, can
be calculated as the difference between the OSR values of the fabric and island:

® AOSR=(A,-}A)/F
or

® AOSR=0SR,-OSR,
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Examples with a very low network ratio (AOSR) and thus a high pressure
on the public network are the medieval parts of Barcelona (Gotic, Raval).
In these compact areas with narrow alleys, a combination of a high coverage
within the islands (90 per cent), lictle network tare space (less than 20 per
cent), and high built intensities (FSI, of almost 4.0) contribute to a very low
network ratio. The lowest network ratio in Amsterdam can be found in the
city centre (Jordaan, De Pijp, Grachtengordel), but also areas of more recent
date such as Java and KNSM have low rates.

This is one way to indicate the pressure or intensity in the public net-
work generated by the floor area. However, its value is very much dependent
on the surface area of the network. Two areas with the same network ratio,
such as the Grachtengordel and De Pijp, can have different network densi-
ties. The amount of floor area in relation to network lengeh thus differs. This
relation, FSI/N, translates into the possibility for public and/or commercial
functions to interact with potential users in the street. The number of poten-
tial passers-by increases with an increase in programme and a decrease in
network density.

If these two indicators are considered in isolation, more programme
on larger islands increases the ‘pressure’ on the public network. However,
the exposure or accessibility of the islands contradicts these findings. The
potential exposure of private space (islands) in relation to public (network)
space depends on the measurements of the islands alone. Large islands have
relatively lictle exposure (or accessibility) as the fagade length is limited. This
exposure ratio can be formulated as the potential fagade length to island
area in which the potential fagade length is equivalent to the length of the
perimeter of the island.

The number of intersections as an indicator for circulation conven-
ience or walkability is considered to be another important factor in relation
to urbanity.192 The (internal) connectivity of a fabric can be said to be con-
ditioned by this factor."” In fabrics with more streets and intersections
(and thus smaller islands), people have a larger variety of routes to choose
from. This stcimulates interaction which, as discussed earlier, is seen as one
defining characteristic of urbanity. Both island size and the numbers of
crossings are related to network density (N). The connectivity ratio, or the
amount of crossings per hectare, increases proportionally to the square of
the network density:

(3] Connectivity Ratio=N2/ 4

An interesting observation that can be made from the above analysis of the
basic geometry of the fabric (and its relation to properties that are often
considered to be central to urbanity), is the conflicting nature of the pres-
sure on public space (network ratio), the exposure and (internal) connec-
tivity depending on the amount of crossings. All are regarded as important
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to urbanity. Intensity is (internally) generated not only by the amount of
programme and its primary distribution, but also by the amount of network
that has to accommodate the generated movements and its cencrality that
atcracts people from elsewhere to the area. Less network, and thus larger
islands, concentrates the movements and thus increases the intensity within
the network in terms of network ratio. However, this increase of scale — more
programme on larger islands and thus more intensity within the public net-
work — conflict with and are tempered by the architectural organization of
the island. The exposure and accessibility of the island and the human scale
of a walkable urban fabric put a limit on the simplistic endeavour for more
intensity, which to some is supposed to equal urbanity. The tension between
these performances produces an outcome that is a compromise, neither too
large nor too small.

Performance Based Design

Every performance can be viewed as a descriptive layer that, when
combined with others, can be used to clarify different consequences for
the quality of urban environments. It is important to emphasize that the
performances that have been discussed above define a — mostly maximal —
potential. The conditions that are set by density in these cases are primary
conditions that limit the performance of a fabric. This in no way indicates
that a particular concrete form designed under those conditions automat-
ically performs accordingly. The potential and limits are defined, but in
every particular instance this potential can be (more or less) fully actualized
or (more or less) ‘sabotaged’. However, being a condition does indicate
that limits are set on that which is possible. For example, in the case of
daylight access, an open facade makes maximum use of the daylight poten-
tial, a glass curtain wall will decrease the performance a little due to prag-
matic reasons, while a totally closed fagade can be said to ‘sabotage’ the
existing potential.

As discussed earlier, performance can be defined as a combination
of objective properties defined by density and contextual standards. In the
case of daylight access the standards will differ due to, for instance, geo-
graphical location. In Sweden the urge to maximize daylight access (light
and passive solar energy) is larger than in Spain (heat). For parking, the stand-
ards are very dependent on political restrictions and market demands.

Urban form can be considered as one of the performances. Here we
have added, besides all the empirically studied effects of density, parking,
daylight, noise and air pollution and ‘urbanity’. All performances are nego-
tiable and can be used to identify conflicting programmes and necessary
trade-offs. And by so doing the design task can be formulated with greater
precision. Difficulties or inconsistencies can be spotted at an early stage in
the design process. Designers who engage with the built environment on
this basis would have more space and time for a more detached analysis of
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the properties of density, instead of making instant quick leaps to norma-
tive judgments that rely on intuitive conclusions and personal experience.
Sometimes quick judgements can get in the way of experimentation and
innovation. A suspension of judgement can be achieved by engaging with
density and performance in an iterative fashion.

To work with performances in this way could strengthen the role of
the urban professionals earlier in the design process and in relation to other
disciplines such as engineers, economists and planners. As described in Chap-
ters 1 and 2, this becomes more important in the process of negotiation
between private and public actors engaged in the earliest phases of design-
ing and planning the city. Urban density and performance could help urban
professionals to reclaim technical, economic and demographic issues that
have fallen, or are in danger of falling, outside the urban discipline.
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QUALITIES OF DENSITY

This book started off with a critical examination of the history of existing
concepts of density and different measuring methods. As shown in Chapters
2 and 3, density was already present in early twentieth-century city building,
and was used both to diagnose an ailing city and to prescribe solutions to
the problems. Density was often used as part of the ideological agenda of
urban professionals, ranging from Raymond Unwin, Reinhard Baumeister
and the Garden City Movement at the beginning of the twentieth century,
striving for a more healthy and social city, through to the modernist plan-
ners of CIAM and their preference for high-rise developments in a green
and functionally organized city, via Jane Jacobs’s advocacy for a compact
city of medium height in the 1960s, to the late twentieth-century pursuit of
urbanity and ‘parallel revaluating of the [dense] city as the site of desirable
middle-class lifestyles’' All are examples of very different doctrines, relying
on different applications of density to make their argument. These doctrinal
shifts can be charted in the Spacemate. €@

Serving as one of the instruments of modernist planning, density has
lost much of its shine since the 1970s. At the same time, rather simplistic
density measurements have continued to be used to formulate policies, plan
ambitions and draw up contracts. Both these facts have been to the detri-
ment of the notion: on the one hand, there is an association with the mis-
sionary zeal of a technocratic functionalism, and on the other, a lack of pre-
cision in its pragmatic use in current practice.

The development of the Spacematrix method to measure density
and identify a series of associated properties is the main result of our re-
search. We have redefined density as a multivariable and multi-scalar phe-
nomenon to counter the existing Babel-like confusion in the terminology
currently being used by those working in the urban field. Furthermore,
through the use of this multivariable and multi-scalar approach, density
can be related to urban form and other performances as has been shown
in Chapters 4 and 5. This makes it possible to reposition the concept of
density in the field of urban design and research. From an instrument to
prescribe the programme of a given area, density can become a tool to
guide both quantitative and qualitative ambitions in the urban planning
and design process.
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The addition of the review of over 300 studies on densities effects con-
tributes to a better understanding of density trade-offs. The strong dichot-
omy between, on the one hand, the primarily positive effects of density
on resource efficiency (mainly related to different kind of infrastructure),
transport and economics and, on the other, the mostly negative environ-
mental and social effects (from well-being to health) is striking. This for-
mulates a challenging task for urban planners, who have to balance these
two spheres (the system and the lifeworld), while at the same time acknowl-
edging the need for some form of densification to handle current urban-
ization rates.

A Multivariable and Multi-Scalar Definition of Density

Instead of expressing density through the number of dwellings per
hectare, which is still dominant in practice and research, we have demon-
strated that density should be treated as a multivariable phenomenon. The
difference between high, spacious and compact, low developments with one
and the same building bulk can only be made when density is viewed as a
composite of indicators. Furthermore, we have argued for the integration of
network density within the multivariable definition of density. This is, as far
as we are aware, a unique addition to density research. By adding network
density, an indicative size of the mesh of the urban fabric, its islands and
street profile can be integrated in the definition of density. The combination
of indicators proved to be adequate in defining fabric types and their per-
formance in terms of parking, daylight, connectivity, exposure, etcetera.

In addition to being defined as a multivariable phenomenon, density
should also be approached as a multi-scalar phenomenon. Knowledge of
how density behaves through the scales generates important information
about the distribution of built and open spaces. Adding a large park or a piece
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of large-scale infrastructure on the scale of a district reduces the density
within that district, or, when this is unfeasible, necessitates compensation
through higher densities on the lower scales. On the other hand, small-scale
decisions and developments add up and result in a compound spatial claim
on the scale of a city and region. Architecture and urban design on the micro
scale must thus be related to urban space consumption and the associated
spatial, environmental, economic and social consequences on the macro
scale. And vice versa.

The creation of consensus concerning the Spacematrix method could
ensure a certain objectivity that can dispel much of the confusion and sub-
jectivity that surrounds the current application of density. Our research
provides urbanists, be they researchers or planners and designers, with the
definition of scales, the way boundaries on each level of scale are drawn
and a method to calculate and compare different densities. Most important
here is that the different stakeholders use the same set of definitions, such
as published in the Dutch standard for measuring urban density that was,
based on the methods of this book, published in 2013 (NEN 9300).

The last couple of years, the use of the Spacemate by a wide range
of practitioners and researchers in urban planning and design has increased
significantly. Some of the results have been added to this book, such as the
densities of Asian urban fabrics that were first published in a report by the
London School of Economics (LSE Cities). They also made use of the Space-
matrix method in their Energy Report, which is worth mentioning here.’
Furthermore, various doctoral theses have been published that build on the
work presented in this book, including Eva Minoura’s thesis Uncommon
Ground," in which the use of courtyards is studied in relation to density and
territoriality, and Evgeniya Bobkova’s thesis Towards a Theory of Natural
Occupation, where in line with the typologies for buildings, a typology for
plot structures is developed.’

Performance-Based Descriptions

The empirical samples that have been analysed in this research show
that fabric types cluster in different positions in the Spacemate diagram €.
These types do not have rigid borders, but slowly transform from one den-
sity position to another. What is most important to understand is that the
conditions set by density very much influence the performance of a builc
environment. We suggest that performance-based descriptions of fabrics
could become more important than the traditional image- or activity-based
descriptions. Instead of naming low-rise block types or high-rise strip types,
the fabric type could be described and prescribed solely by its Spacematrix
density and the performance characteristics embedded in this density. The
results of our research can hereby also be of great value to more traditional
typomorphological research, as it relates urban form to density and perfor-
mances other than form.
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In Chapter 5, we discussed such performances, based on a systematic review
using more than 300 empirical studies as well as through various deductive
explorations, studying parking, daylight access, noise and air pollution and
urbanity. While the review sheds light on the real-life effects of density re-
corded through empirical investigation, the explorations highlight the phys-
ical laws of urban form in relation to, for instance, daylight access or noise
exposure. Many more performances of urban fabrics could, and in our opin-
ion should be researched and related to density in the same manner, con-
tributing to a better underpinning of urban plans and designs. Instead of
creating images, urban professionals will then be more involved with de-
fining the conditions under which specific qualities (positive and negative)
are most likely to be realized. This is especially the case for higher densities.
In the light of the problems of increased urban space consumption and ur-
banization, intensification will frequently become unavoidable. Understand-
ing the capacity of space and the effects that density has on the performance
and quality of the built landscape then becomes even more important.
We recommend that a distinction be made between hard and soft
performances. Hard performances are more closely related to the geometry
and the physics of the built environment and can be approached quantita-
tively through explorative research. Examples of such hard performances
include parking and daylight access, which have been treated in Chapter 5,
but also aspects such as traffic capacity, energy use, wind, noise and air qual-
ity. Examples of soft performances are urbanity, traffic behaviour and stress.
This category of performances has both hard and soft ingredients. They are
in many ways conditioned by the density and geometry of the built environ-
ment (distance, potential user intensity in open space, etcetera), but can only
realistically be calibrated if collective and individual valuation are taken into
account. In addition to explorative research, the correlation between soft
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Empirical samples in the
Spacemate.

performances and built density must be explored through more qualitative
surveys as were discussed in Chapter 5 as part of the systematic review.

Based on the same review, we found gaps in the knowledge of some
topics, three of the most important ones which we want to highlight. First,
there is a need to study transport including air traffic, as this is mostly ne-
glected in the vast number of transport-related studies. This is troublesome
because results that include air traffic show opposite findings from those
that exclude it. Second, leisure trips should be studied more because cur-
rent studies are inconclusive in this respect, while we know very well how
density effects commuting trips. Third, more studies are needed that in-
vestigate density and open (green) space simultaneously, because the balance
between the two is shown to be important to mitigate negative environ-
mental and health effects and make cities more climate proof in terms of
water management and urban heat islands. There might even be links be-
tween these three mechanisms, where a scarcity of green in cities and a lack
of accessible green nearby lies behind an increase of longer trips by air and
shorter trips by car to reach more distant alternatives.

Sustainable Densities

As shown in Chapter 2 with the example of Amsterdam, there has
been an exponential increase in per capita urban space consumption since
the end of the nineteenth century. The causes and effects of this ‘demo-
spatial’ development are the subject of intense debate among academics
and experts. However, there seems to be a general consensus that sprawling
cities, private mobility and high levels of energy consumption go hand in
hand. Car mobility makes suburbia possible, and suburbia demands private
mobility. Decreasing densities further contribute to car dependency, CO
production and climate change. Certainly, high-density alternatives to
sprawling cities do not provide an instant solution to the problems of en-
ergy consumption and CO, production caused by car mobility, but they are
prerequisites for other policies to combat climate change such as fiscal in-
centives, carbon rationing, investments in public transport, and so forth.
These will be largely incompatible with low densities. The idea to densify
our cities is more and more regarded as the key solution to arrive at a more
sustainable city form, and since the 1990s it has been the main planning
strategy. As was discussed in Chapter 2, this has resulted in an increase of
density in Amsterdam of 17 per cent between 2000 and 2020. Thus, after
an annual growth of the urban footprint of almost 2 per cent over the last
100 years, the urban footprint has started to decrease. It is argued that den-
sification provides several environmental gains, especially related to the
reduction of greenhouse gas emissions, innovation and economic growth.
However, as the systematic review in Chapter 5 has shown, the solution of
densification is not as simple as it seems, and density trade-offs might be
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the urban problems of tomorrow. It is important to point out, however,
that the aim here is not to discredit densification, but to argue for the ne-
cessity of developing cities based on empirically supported knowledge.

On many fronts in society, an awareness of energy efficiency and
conservation is manifest. In the area of spatial planning and design, more
atcention should be given to what could be called space economy. Space
should be regarded as a scarce product. Not because it is really scarce in
itself — the Netherlands could theoretically house the whole population in
densities comparable to Los Angeles without any great spatial problem — but
because an increased consumption of it corresponds to a larger consump-
tion of other finite resources, and the increased production of waste and
emissions. Studying the capacity of space and exposing the negative impacts
of both dispersed and compact settlements can contribute to a larger aware-
ness of the spatial dimension of the present crises.

Viewing urban density as a multivariable and multi-scalar phenom-
enon can at an early stage in decision making and urban planning contribute
to more sustainable ways of city development. Knowledge of the relation-
ship between density, urban space consumption and the environmental con-
sequences of urbanization should be central to both policymaking and the
planning and design practice.

The Professional Challenge

Other crucial challenges facing urban professionals have been de-
scribed in this book. They are very much related to the all-encompassing
neoliberalization of society of the last three decades. The privatization of
spatial developments has led to a project-based planning approach where
earlier public initiation and guidance (more or less centralized and publicly
generated) has been scattered into localized particularities. Furthermore,
globalization, the associated intensified competition between cities and
regions, and the strengthening of an economic growth paradigm have con-
tributed to a continuous increase of urban space consumption. All these
processes have conditioned the present practice of city development and
very much defined the task of the urban professional. For urbanism, this
has meant that all actors are forced to negotiate quantitative goals and qual-
itative ambitions very early in the process of city development. Furthermore,
the dynamics of the market makes programmes accidental and necessitates
an open-ended and flexible planning and design process. The same market
dynamics also fosters the use of imagery to attract investments, businesses,
skilled employees, tourists, etcetera, and as such promotes a scattered project-
based approach where ‘seduction and inspiration’ are prime effects, resulting
in a kind of inverted blueprint planning. The end goal in such a situation is
no longer a programme, but an image.

Both economic stagnation and environmental deprivation on a global
scale at the beginning of the twenty-first century will have their repercussions
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on the nature of urban landscapes, existing as well as new ones. The trick-
ledown effects of these developments will most certainly also be visible
in spatial matters. As the state has regained some of its influence in the
wake of current crises, the knowledge and instruments necessary to trans-
late political goals into spatial results should become very important. This
might result in a stronger emphasis on regulations and guidelines. To for-
mulate such guidelines, the performance of different urban environments
on many fronts — spatial, environmental, economic — will become central
to decision making,.

In chis book a method has been presented that neither focuses spe-
cifically on the image nor on the programme for the city. The Spacematrix
method provides urban professionals with an instrument that can simul-
taneously address quantity and quality, content and image, flexibility and
precision. It can be used to make pre-designs in which the main program-
matic and spatial qualities are described. Based on these, the feasibility of
the project and other performances can be estimated. At the same time,
the method allows for enough flexibility to incorporate changes during the
process of realization.

An important contribution could be made to the national planning
reports or structural visions on lower scale levels. The Structuurvisie Rand-
stad 2040 states the ambition to realize 500,000 new homes in the Rand-
stad, of which 40 per cent should be realized within existing cicies. If the
other 60 per cent (300,000 dwellings) were to be realized in suburban areas
dominated by detached housing types (FSI,= 0.5), almost two times the area
of Amsterdam would be required.’ If this spatial claim is judged to be too
large, and the addition has to take place on only half of this area (thus the
size of Amsterdam), then density has to increase, be it on the scale of the
fabric (requiring other fabric types) or the district and city (less green, work-
ing areas, etcetera). The Spacematrix method could be effective in under-
standing the relationship between such national plans mainly concerned
with programme, the need for certain types of living environments and their
effects in terms of space consumption, as well as social, economic and envi-
ronmental performance. Changes in the demands for one of these compo-
nents will affect all the others. Evaluating the result could lead to changes
in other components, which will then again affect the parts and the whole.
Such an iterative approach should profit from a simultaneous understanding
of the quantitative and qualitative consequences on different levels of scale,
and thus make better underpinned decisions possible. That this is needed,
was proven by a review of 59 comprehensive plans in Sweden, where fre-
quently used motives for densification were often deemed more positive for
sustainable urban development than can be scientifically supported, espe-
cially in relation to social impacts.”

Furthermore, truly flexible plans could be made using the Space-
matrix method. Neither the image nor the programme is predetermined
through the method, but density and performances are conditions under
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which the plan can be developed further by individuals, either in a compet-
itive, self-organizing process, or by urban professionals in a more publicly
guided process. Such a performance-based design is regarded by many as
the new way to make urban plans, leaving blueprint planning — both image
and programme driven — behind.

The Science of Urban Density

Density has the capacity to facilitate the communication between
many different disciplines. Architecture, urban planning, traffic engineering,
building physics, environmental sciences, social sciences, ecology, geogra-
phy and economics; to those, density can act as a catalyst for a truly inter-
disciplinary branch of research: the science of urban density. We see three
important fields of research for the future.

First, the exploration of the relation between density and its per-
formances should be continued and deepened, whereby three important
research questions in need of further study are identified: first, do people
living in higher density travel more by plane and how does density affect
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Building types for the

entire metropolitan area
Amsterdam using the
measure accessible density
and Spacemate clusters.

leisure trips — two topics often ignored despite the vast
number of transport-related studies. The second ques-
tion is broader and more challenging, but crucial for the
development of sustainable dense cities: can the com-
bination of density and open (green) space contribute
to mitigating the proven negative environmental and
health effects of densification and make cities more cli-
mate proof in terms of water management and urban
heat islands? Thirdly, the relation between density and
performance should be studied with more precision by
addressing density as a multivariable and multi-scalar
phenomenon, but also by acknowledging the possibility
of non-linear relationships.

Second, research into the relation between the
multivariable approach to density to characterize a spe-
cific place, and analyses to understand the spatial inter-
relatedness of streets in a city, location, would enhance
two fields of research that are currently often separate.
In the past ten years, important steps have been taken
by the research group SMoG at Chalmers University of
Technology Sweden, led by Meta Berghauser Pont and
Lars Marcus.’ They have shown the importance of both
built density as developed within the Spacematrix frame-
work and street centrality as developed within the Space
Syntax framework. This integrated approach makes it
possible to upscale density analysis to entire cities by
measuring accessible density @,” and has been shown
successful in explaining pedestrian flows, intensities and
their fluctuations during the day." Besides the need for
further integral studies of this kind, we especially see a
need to transfer this knowledge into design-decision sup-
port tools to evaluate the effectiveness of design pro-
posals. Examples of such tools are the Place Syntax Tool
(PST), an open-source tool for performing spatial anal-
yses that combines the space syntax description of the
urban environment with descriptions of attraction, in-
cluding accessible density. The tool is currently available
as a plugin for QGIS, an open source GIS program.11 Re-
cently, a more user-friendly frontend has been developed,
based on PST, to make such analysis more accessible for
GIS illiterates, the Urban Calculator.”

Finally, the extension of the approach presented
in this book to the scale of the city and the region is of
great importance. At these scales, the notion of tare
space becomes central. The way the urban fabrics are
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distributed within a city or region is decisive for the spatial qualities that
can be achieved. The focus on the relation between architecture and urban-

ism, which has been dominant until now, would then shift to urbanism and
landscape ecology. These scales are, in the light of the scarcity of land and
other finite resources, necessary to address, and could lead to new distribu-
tion patterns of tare space within cities and regions. Such an approach would
engage with cities as socioecological systems, which presents an alternative
research programme on sustainable urban development and offers a far
broader conception of urban sustainability than current discourses. It ad-
dresses cities on the relevant systems level, where, moreover, social, economic
and ecological urban systems are combined. This fits well with Doughnut
Economics, a new economic model developed by Kate Raworth that describes
the social and planetary boundaries within which lies an environmentally
safe and socially just space in which humanity can thrive." One can imagine
a ‘Density Doughnut’ @ that describes the conflicting consequences of den-
sification, visualized by a doughnut of which the inner circle defines mini-
mum densities to ensure that certain sustainability goals are guaranteed,
such as access to service and reduction of GHG emissions. The external
borders define maximum densities beyond which lie unacceptable conse-
quences for human health, well-being and environmental degradation.™
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Derivation of @

L=F/B
L=(F/A)/(B/A)
FSI=F/A
GSI=B/A
L=FSl/GSI

Derivation of @

FSI=F/A

F=FSIxA

GSI=B/A

B=GSIxA

OSR=(A-B)/F
OSR=(A-AxGSI)/(AxFSI)
OSR=(1-GSl)/FSI

The construction of OSR gradients
in the Spacemate:

OSR=(1-GSI)/FSI
FSI(GSI)=1/0OSR-GSI/OSR
GSI(FSI)=1-0OSRxFSI

Intersection with y-axis: FSI(0) =1/ OSR
Intersection with x-axis: GSI(0) =1

DERIVATION OF FORMULAE

Derivation of @ and ©

GSI,=B/A,

A,=B/GSI,

GSI,=B/2A

YA, = B/GSI,

T:= (Af_ zAi)/Af
T,=1-(B/GSI)/(B/GSI)
T,=1-GSI,/GSI,

© is derived in the same way, but B is sub-
stituted for by F

Derivation of @ and @

T,=1-GSI,/GSI, def @
1-T,=GSI,/GSlI,

PIL=1-T, def @
PIL= GSI,/GSl,

@ is derived in the same way, but GSI, and
GSl,are substituted for by FSI and FSI,
Derivation of @

N,=[31,+(X1)/ 21/ A, def @

For a grid with n squares with a mesh-size w:

Q1+ Q1) /2]1=2nxw
A =nxw?
N,=2nxw/(nxw?)
N,=2/w
w=2/N;,




Derivation of @

Deviation of @

T=(A-A)/A, def @ N,=[¥I.+(31)/2]1/A, def @
A =w? Ne= (w, +w,)/(w, xw)
A =(w-b)2 W, =nXxw,
T.= [w2-(w-b)2]/w? w,=(n+1)/(nxN)
T,=1-(w-b)2/w? T,=(A,-XA)/A, def ©@
(w-b)2/w2=1-T, T=1-A/A,
1-b/w=V(1-T) A, =(w,-b)(w,-b)
b=wl1-V(1-T)I A=w, xw,
w=2/N, T,=1-(w,-b)(w, -b)/(w, xw)
b=2[1-V(1-T)I/N, T,=1-(nxw,~b)(w,-b)/(nxw,?)
w,=(n+1)/(nxN,)
T;=1-[1-bxN,/(n+1)1[1-nxbxN,/(n+1)]
Derivation of @
From this last, b can be derived through:
b=2[1-V(1-T)I/N, (1:)
T,=1-GSI./GS], b=(n+1)2/(2nxN)-
b=2[1-V(GSI,/GSI)I/N, VI(n+1)4/(4n2xN2)-Tx(n+1)2/(nxN?3)]
Derivation of @ Derivation of @
b=2[1-V(1-T)I/N, © N,=I/A def @
bxN,/2=1-/(1-T)
VA-T)=1-bxN,/2 l,=4(w-b)/2
1-T,=(1-bxN,/2)? N,=2(w-b)/w?
T,=1-(1-bxN,/2)2 w=2/N, (1
N,=2(2/N,-b)/(2/N)?
N,=N,(1-bxN,/2)
Derivation of @
T,=1-(1-bxN,/2)? ® Derivation of @
1-T,=(1-bxN,/2)2
PIL=1-T, def @ N = N(1-bxN,/2) @
PIL=(1-bxN,/2)2 b=2[1-V(1-T)I/N, o
bxN,/2=1-V(1-T)
N =N{1-[-Va-T)}
N,=N,xV(1-T)
Derivation of @
PIL=1-T, def @
N, =NxV(1-T) )
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N,=N,xV(PIL)

Derivation of @

Derivation of @

DPI,=x,%x2x100/d

Xo/ h=(-d+x,)/(Lxh)
X,=(-d)/(L-1)
DPI,=(1-d)x 200/ [dx(L-1)]
DPI, =200 (I/d-1)/(L-1)
GSI=d/I

L=FSI/GSI

DPI,=200x(1/GSI-1)/(FSI/GSI-1)
DPI,=200xGSI(1/GSI-1)/(FSI-GSI)
DPI,=200x(1-GSI)/(FSI-GSl)

Derivation of €@

Xo/h,=(-d)/H

x,=h (I1-d)/H
DPl,=x,%x2x100/d
DPI,=200xh (I-d)/(dxH)
DPI,=200xh (I/d-1)/H
DPI,=200xh (1/GSI-1)/H

Derivation of €@

DF_ =50x(cosa,,+cosa,,)
Cle1 = Qez

cosqa,, =cosa,,= Cosa,
DF,=50x(cosa,+cosa,,)
DF,=50x(cosa,+cosa,)
DF_=100xcosa_

tana,=2hxL/(I-d)

tana_ =2hxL/[d(I/d-1)]
tana,=(2h/d)(FSI/GSI)/(1/GSI-1)
tana,=(2h/d)[FSI/(1-GSI)]
tana,=2h/(dxOSR)

Derivation of @&

OSR,=(1-GSlI,)/ FSI, o
GSI,=B/A, def @
FSI,=F/A, def ©

OSR,=(1-B/A)/(F/A)
OSR,=(A,-B)/F

A,=FxOSR;+B

OSR;=(1-GSI,)/ FSI, 0o
GSI,=B/2A, def ©
FSI,=F/2A, def @

OSR,=(1-B/}¥A)/(F/XA)

OSR,=(}A -B)/F

YA =FxOSR,+B

AOSR=(A,-YA)/F def @
AOSR=[(FxOSR,+B) - (FxOSR,+B)I/F
AOSR=(FxOSR,+B-FxOSR,-B)/F
AOSR =O0SR, - OSR,

Derivation of ®

Connectivity Ratio = ¢/ A, def

where
¢ = amount of crossing per hectare

Every square in a grid has 4 corners with each
Ya of a crossing. In a grid of n squares:

c=nx4x1/4
A,=nxw?
w=2/N, (1)

Connectivity Ratio = (nx4x1/4)/(nxw?)

Connectivity Ratio = 1/w?2
Connectivity Ratio = N2/ 4
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SAMPLES FROM THE NETHERLANDS

1]
ACHTERBOS
De Ronde Venen

Island

A
15.7 ha 0.21 A .

Fabric
A FSI
16.4 ha 0.20

N w
0.005 /m? 3856m

H
AMSTELDORP 1
Amsterdam

Island

A
21ha

Fabric
A
3.2ha . . E

N
0.033 /m?

H
AMSTELDORP 2
Amsterdam

Island

A
3.5 ha

Fabric
A
5.0 ha

N
0.026 /m?




4]
ANLOO
Aa en Hunze

Island

A FSl Gsl
15.7 ha 0.18 oM
Fabric

A Fs Gsl
18.4 ha 0.16 0.10
N w b
0.013 /m? 158 m 12m
BALLOO

Aa en Hunze

Island

A FSI GSI
221ha 0.09 0.06
Fabric

A FSI GSI
24.2 ha 0.08 0.05
N w b
0.007 /m2 275 m 12m
BERGEN 1

Bergen

Island

A FSI GSI
51ha 0.37 0.20
Fabric

A FSI GSI
6.9 ha 0.27 0.15
N w b
0.019 /m? 106 m 15m
BERGEN 2

Bergen

Island

A FSI GSI
4.0 ha 0.39 0.22
Fabric

A FSI GSI
5.0 ha 0.31 018
N w b
0.017 /m? 119 m 13m

BERLAGE PLAN ZUID 1

Amsterdam W

-
Island
A FSI GSI OSR L
77 ha 2.4 0.56 018 4.27
Fabric
A FSI GSI OSR L
14.5 ha 1.28 0.30 0.55 4.27
N w b T
0.017 /m2 17m 32m 47 %

BERLAGE PLAN ZUID 2

Amsterdam

Island

A FSI GSI OSR L
5.6 ha 2.99 0.67 oM 4.44
Fabric

A FSI GSI OSR L
10.4 ha 1.61 0.36 0.40 4.44
N w b T

0.022 /m? 91m 24m 46 %

BERLAGE PLAN zUID 3

Amsterdam

Island

A Fsl Gsl OSR L
4.3 ha 2.33 0.63 0.16 37
Fabric

A Fsl GSl OSR L
72 ha 1.39 0.37 0.45 37
N w b T

0.021 /m? 95 m 22m M%
BETONDORP

Amsterdam

Island

A Fsl Gsl OSR L
8.8 ha 0.77 0.37 0.82 2.09
Fabric

A FSI GSI OSR L
1.7 ha 0.58 0.28 1.24 2.09
N w b T

0.024 /m? 84 m 1m 25%




.
S \
N

BIJLMER OUD ‘\_/“'\l"\
Amsterdam , (\

¢ /N
Island \
A FSI GSI OSR
30.8 ha 0.83 010 1.08 792
Fabric
A FSl Gsl OSR L
33.4 ha 0.76 010 118 792
N w b T
0.004 /m? 546 m 22m 8%
BLOKZIJL
Steenwijk
Island
A FSl Gsl OSR L
41ha 0.90 0.46 0.60 1.95
Fabric
A FSI Gsl OSR L
5.4 ha 0.69 0.35 0.94 1.95
N w b T
0.036 /m? 55m 7m 24%
BORSSELE ‘
Borsele ¥ Ly
Island
A FSI GSI OSR L
4.7 ha 0.38 0.22 2.03 171
Fabric
A FSI GSI OSR L
5.3 ha 0.34 0.20 2.37 171
N w b T
0.015 /m? 130 m 8m 12%
BUURT NEGEN ‘er
Amsterdam =
Island
A FSI GSI OSR L
21ha 1.35 0.29 0.53 47
Fabric
A FSI GSI OSR L
3.3ha 0.86 018 0.95 47
N w b T
0.027 /m?2 73m 15 m 37%

16
COLINSPLAAT
Noord-Beveland

Island
A FSI GSl OSR L
3.9 ha 0.74 0.39 0.81 1.89
Fabric
A FSI GSI OSR L
5.0 ha 0.58 0.30 1.21 1.89
N w b T
0.022 /m? 89 m 11m 23%
7]
DE BERG zZUID
Amersfoort
Island
A Fsl Gsl OSR L
9.2 ha 0.33 0.08 278 4.34
Fabric
A FSI GSI OSR L
10.7 ha 0.28 0.07 3.28 4.34
N w b T
0.011 /m2 183 m 14m 14 %
13|
DE PP =

|
Amsterdam =
Island
A FSI GSI OSR L
3.3 ha 2.84 0.75 0.09 379
Fabric
A FSI GSI OSR L
5.2 ha 178 0.47 0.30 379
N w b T
0.023 /m? 87m 18m 37%
19
DE VESTE
Helmond
Island
A FSI GSI OSR L
1.0 ha 159 0.53 0.30 3.00
Fabric
A FSI GSI OSR L
1.4 ha 116 0.39 0.53 3.00
N w b T
0.025 /m? 81m 12m 27%




DOUVE WEIEN

Heerlen

Island

A FsI GSI OSR L
5.2 ha 0.33 018 253 1.85
Fabric

A Fsl GSI OSR L
6.2 ha 0.27 015 316 1.85
N w b T

0.015 /m? 131 m 12m 17 %

21}
DREISCHOR
Schouwen-Duiveland

Island
A Fsl Gsl OSR L
39ha 053 0.29 133 1.81
Fabric
A Fsl Gsl OSR L
48ha 0.43 0.24 177 1.81
N w b T
0.029 /m?2 69 m 7m 19%

.
2| i
DWARSGRACHT
Steenwijkerland J\
Island “h
A FsI asl osR- L
117 ha 013 0.08 710 170
Fabric
A Fsl Gsl OSR L
125 ha 012 0.07 760 170
N w b T
0.004 /m? 550 m 7m 6%

EMMER-ERFSCHEIDENVEEN="

Emmen

Island

A FSI GSI
8.9 ha 012 0.07
Fabric

A FSI GSI
10.4 ha 010 0.06
N w b

0.007 /m? 302m 24m

FEYENOORD

Rotterdam

Island

A FSI GSl OSR L
2.4 ha 2.07 0.52 0.23 3.98
Fabric

A Fsl Gsl OSR L
41ha 119 0.30 0.59 3.98
N w b T

0.023 /m? 88m 2im 42%

FUNEN

Amsterdam

Island

A Fsl Gsl OSR L
3.9 ha 2.43 0.46 0.22 5.24
Fabric

A FSI GSI OSR L
5.5 ha 173 0.33 0.39 5.24
N w b T

0.010 /m? 206 m 32m 29%

GEES

Coevorden

Island

A FSI GSI OSR L
29 ha 0.20 014 4.26 1.45
Fabric

A FSI GSI OSR L
3.5 ha 0.17 0.12 5.24 1.45
N w b T

0.020 /m? 98 m 8m 16 %
GOEDEREEDE B
Goedereede

Island

A FSI GSI OSR L
2.4 ha 1.04 0.51 0.48 2.06
Fabric

A FSI GSI OSR L
2.9 ha 0.86 0.42 0.68 2.06
N w b T

0.032 /m? 62m 6m 17%




GRACHTENGORDEL |
Amsterdam “‘EE‘\‘
Island

A FSI GSI OSR L
71ha 3.00 0.73 0.09 4.08
Fabric

A FSI GSI OSR L
11.0 ha 1.94 0.48 0.27 4.08
N w b T

0.012 /m? 164 m 32m 35%

GWL TERREIN

Amsterdam

Island

A =] GSI OSR L
4.8 ha 170 0.33 0.40 516
Fabric

A FSI GSI OSR L
6.4 ha 1.28 0.25 0.59 516
N w b T

0.008 /m? 248 m 33m 25%

HEEMRAADSSINGEL

Rotterdam

Island

A FSI GSI OSR L
6.9 ha 1.98 0.58 0.21 3.42
Fabric

A FSI GSI OSR L
1.5 ha 118 0.35 0.55 3.42
N w b T

0.017 /m? 116 m 26 m 40 %
HEVEADORP

Doorwerth

Island

A FSI GSI

101 ha 0.44 0.22

Fabric

A FSI GSI

12.2 ha 0.37 018

N w b

0.020 /m? 102 m 9m

HOLENDRECHT 1
Amsterdam
Island
A FSI GSI OSR L
1.8 ha 1.27 0.36 0.51 3.57
Fabric
A ] Gsl OSR L
21.9 ha 0.69 118 4.45 3.57
N w b T
0.013 /m? 152 m 40m 46 %
HOLENDRECHT 2 @
2,

Amsterdam Z<
Island
A FSI Gsl OSR L
2.0ha 0.92 0.37 0.69 2.50
Fabric
A Fsl Gsl OSR L
41 ha 0.45 018 1.82 2.50
N w b T
0.019 /m? 103 m 31m 51%
HOOG SOEREN
Apeldoorn
Island
A FSI GSI OSR L
7.4 ha 014 0.08 6.39 1.88
Fabric
A FSI GSI OSR L
8.1ha 013 0.07 7.06 1.88
N w b T
0.014 /m? 385 m 6m 9%
HUISDUINEN

EE
Den Helder
Island
A FSI GSI OSR L
1.6 ha 0.33 0.19 2.4 175
Fabric
A FSI GSI OSR L
2.0 ha 0.27 015 3.20 175
N w b T
0.031/m?2 64 m 7m 21%




JLST KOLENKIT

Wymbritseradeel Amsterdam

Island Island

A FSI GSI OSR L A FSI GSI OSR L
6.1ha 0.39 0.23 1.99 1.65 1.8 ha 2.08 0.42 0.28 5.00
Fabric Fabric

A FSI GSI OSR L A FSI GSI OSR L
75 ha 0.31 0.19 2.59 1.65 3.5 ha 1.06 0.21 0.75 5.00
N w b T N w b T

0.008 /m? 259 m 26 m 19% 0.020 /m? 102m 29m 49 %

JAVA ISLAND LANDTONG

Amsterdam Amsterdam

Island Island

A FSI GSI OSR L A FSI GSI OSR L
47ha 272 0.45 0.20 6.08 2.8ha 372 0.46 015 810
Fabric Fabric

A FSI GSI OSR L A FSI GSI OSR L
6.2 ha 2.09 0.34 0.31 6.08 45ha 2.36 0.29 0.30 810
N w b T N w b T

0.014 /m2 140 m 17m 23% 0.021/m2 96 m 20m 37%
JORDAAN /%6% LANGSWATER

Amsterdam \ Amsterdam

Island Island

A FSI GSI OSR L A FsI GSI OSR L
47ha 2.54 075 010 3.40 2.9ha 1.86 017 0.45 11.05
Fabric Fabric

A FSI GSI OSR L A FSI GSI OSR L
6.5 ha 1.84 0.54 0.25 3.40 32ha 1,67 015 0.51 11.05
N w b T N w b T

0.021 /m? 96 m 14m 28% 0.009 /m? 222m m 10%

KNSM ISLAND MOLENAARSGRAAF

Amsterdam Graafstroom

Island Island

A FSI GSI OSR L A FSI GSI OSR L
33ha 417 0.64 0.09 6.50 9.5ha 0.30 0.20 2.67 1.54
Fabric Fabric

A FSI GSI OSR L A FSI GSI OSR L
5.8 ha 2.34 0.36 0.27 6.50 11.6 ha 0.25 016 3.40 154
N w b T N w b T

0.024 /m? 83m 21m 44% 0.010 /m2 195 m 18 m 18%




NAGELE § NIMRODPARK

Noordoostpolder Hilversum

Island Island

A FSI GSI OSR L A FSI GSI OSR L
3.4 ha 0.37 0.22 2.07 1.68 14.8 ha 0.16 0.08 5.76 1.88
Fabric Fabric

A FSI GSI OSR L A FSI GSI OSR L
4.3 ha 0.30 0.18 276 1.68 19.4 ha 0.12 0.06 775 1.88
N w b T N w b T

0.016 /m? 124 m 18 m 20% 0.014 /m?2 146 m 19m 24%

NIEHOVE NOLENSSTRAAT F-?
Groningen Amsterdam ‘;Qj
Island Island
A FSl Gsl OSR L A FSI Gsl OSR L
47ha 0.31 019 2.61 164 2.8ha 1.25 0.23 0.62 5.47
Fabric Fabric
A Fsi GSI OSR L A FsI GSI OSR L
57ha 0.26 016 3.30 164 39ha 0.89 016 0.94 5.47
N w b T N w b T
0.020 /m? 102 m 9m 18% 0.019 /m2 105 m 16'm 28%
46 50
NIEUWPOORT NOORDEREILAND &Q

. 2%
Liesveld Rotterdam £
Island Island
A FSl Gsl OSR L A FSI Gsl OSR L
27ha 0.84 0.45 0.66 1.86 27ha 316 0.69 010 4.59
Fabric Fabric
A FSI GSI OSR L A FSI GSI OSR L
3.4ha 0.67 0.36 0.96 1.86 5.2 ha 1.65 0.36 0.39 459
N w b T N w b T
0.020 /m? 98 m 10m 20% 0.027 /m? 75m 21m 48%
7] H
NIEUW SLOTEN \ NOORDERHOF
Liesveld ! Amsterdam
Island Island
A FSI GSI OSR L A FSI GSI OSR L
4.3 ha 124 0.54 0.38 2.31 2.4 ha 1.42 0.54 0.33 2.65
Fabric Fabric
A FSI GSI OSR L A FSI GSI OSR L
6.9 ha 0.77 0.33 0.86 2.31 3.2ha 1.03 0.39 0.59 2.65
N w b T N w b T
0.028 /m? 70m 15m 38% 0.025 /m? 79m 12m 27%




OUDE BOTERINGE

Groningen

Island

A FSI GSI OSR L
31ha 213 079 010 270
Fabric

A FSI GSI OSR L
42ha 1,56 0.58 0.27 270
N w b T

0.030 /m? 66 m 9m 27%
PEPERKLIP

Rotterdam

Island

A FSI GSI OSR L
26ha 2.20 0.45 0.25 4.89
Fabric

A FSI Gsl OSR L
45ha 1.28 0.26 0.58 4.89
N w b T

0.014 /m2 144 m 34m 2%
ROSENGAARDE

Dalfsen

Island :“
A FSI GSI OSR \E
216 ha 0.04 0.02 24.36 163
Fabric

A FSI GSI OSR L
221ha 0.04 0.02 24.91 163
N w b T

0.004 /m? 461m 5m 2%

SLOTEN

Gaasterland-Sloten

Island

A FSI GSI OSR L
36 ha 079 0.43 073 1.83
Fabric

A FSI GSI OSR L
5.0 ha 0.57 0.31 1.20 1.83
N w b T

0.033 /m? 60m 9m 27%

SLOTERMEERLAAN g@b\;
Amsterdam \@@
Island

A FSI GSI OSR L
2.8 ha 0.85 0.38 0.74 2.24
Fabric

A FSI GSI OSR L
4.8 ha 0.50 0.22 1.57 2.24
N w b T

0.038 /m? 52m 12m 2%

SLOTERMEER NOORD Fﬁﬂ@
L] Bl bl =

Amsterdam

Island

A Fsl Gsl OSR L

3.3 ha 0.64 0.31 1.09 2.07

Fabric

A FSI GSI OSR L

4.6 ha 0.46 0.22 171 2.07

N w b T

0.030 /m? 67m 10m 28%

STADSTUINEN

Rotterdam

Island

A FSI GSI OSR L

5.8 ha 2.46 0.57 018 4.35

Fabric

A FSI GSI OSR L

1.0 ha 1.28 0.29 0.55 4.35

N w b T

0.020 /m? 101m 28 m 48 %

STAPHORST

Staphorst

Island

A FSI GSI

19.4 ha 0.22 0.16

Fabric

A FSI GSI OSR L

20.5 ha 0.21 015 4.08 1.39

N w b T

0.005 /m? 392 m 10m 5%




STEVENSWEERT @ﬁ% VIJFHUIZEN
Maasgouw “ng.gﬁ@ Haarlemmermeer

Island Island

A FSI GSI OSR L A FSI GSI OSR L
3.0 ha 1.20 0.56 0.37 215 1.0 ha 0.86 0.34 0.76 2.54
Fabric Fabric

A FSI GSI OSR L A FSI GSI OSR L
4.4 ha 0.80 0.37 0.78 215 1.4 ha 0.64 0.25 117 2.54
N w b T N w b T

0.038 /m? 53 m 10m 33% 0.018 /m? 109 m 1Bm 26 %

TROELSTRALAAN g% VOGELWIJK

Amsterdam : The Hague

Island Island

A FsI Gsl OSR L A Fsl Gsl OSR L

2.6 ha 0.50 0.23 1.54 2.22 5.3 ha 071 0.26 1.05 273

Fabric Fabric

A FSI GSI OSR L A FSI GSI OSR L

3.7ha 0.36 0.16 2.33 2.22 75 ha 0.50 0.18 1.64 273

N w b T N w b T

0.022 /m? 92m 14m 28% 0.017 /m? 120 m 19m 30%

E m ////K\

VAILLANTLAAN VONDELPARK =22
'\

The Hague » Amsterdam \—

Island Island

A Fs Gsl OSR L A Fsl Gsl OSR L

13 ha 2.60 0.64 014 410 4.5 ha 2.86 0.62 013 4.61

Fabric Fabric

A FSI GSI OSR L A FSI GSI OSR L

2.4 ha 1.42 0.35 0.46 410 7.0 ha 1.84 0.40 0.33 4.61

N w b T N w b T

0.021 /m? 94 m 25m 46 % 0.021 /m? 97m 19m 36 %

. o\

VENSERPOLDER \Q‘(} (}/X VREEWIJK “‘%

Amsterdam \»S>/ Rotterdam =

Island Island

A FSI GSI OSR L A FSI GSI OSR L

73 ha 1.97 0.44 0.28 4.49 17ha 0.63 0.42 0.93 1562

Fabric Fabric

A FSI GSI OSR L A FSI GSI OSR L

12.2 ha 117 0.26 0.63 4.49 21ha 0.50 0.33 1.35 1.62

N w b T N w b T

0.016 /m? 129 m 29m 40% 0.024 /m? 85m 9m 21%




K’
WAGENINGEN-HOOG WESTERDOK
Wageningen Amsterdam
Island Island
A FSl Gsl A FSI Gsl OSR L
12.0 ha 018 010 2.9 ha 5.63 0.84 0.03 674
Fabric Fabric
A FSl Gsl A FSl Gsl OSR L
151 ha 014 0.08 4.3ha 376 0.56 012 6.74
N w b N w b T
0.015 /m?2 138 m 15m 0.020 /m? 99 m 18m 33%
ﬁ @
|

WATERGRAAFSMEER 1 WILDEMANBUURT /D/

/
Amsterdam Amsterdam LQ/
Island Island
A FsI Gsl . . Y — A Fsl Gsl OSR L
8.8ha 144 0.52 . - — 2.6 ha 1.96 0.22 0.40 878
Fabric Fabric
A Fsl Gsl A FSl Gsl OSR L
15.7 ha 0.81 0.29 4.0ha 1.30 015 0.65 878
N w b N w b T
0.020 /m? 99 m 25m 0.021 /m2 97m 18 m 34%
WATERGRAAFSMEER 2 WILHELIMINAPLEIN H‘
Amsterdam Amsterdam
Island Island
A FSl Gsl A FSI Gsl OSR L
40ha 154 0.63 15ha 1.33 o 0.67 12.00
Fabric Fabric
A FSl Gsl A FSl Gsl OSR L
10.4 ha 0.59 0.24 16 ha 118 010 077 12.00
N w b N w b T
0.021 /m? 96 m 37m 0.010 /m? 193 m 12m 12%
71 =

-0\
WEENA g™ WOLVESCHANS 1
— \
— \

Rotterdam -2 Leek
Island Island
A FSl Gsl OSR L A FSI Gsl OSR L
31ha 619 072 0.05 8.59 47ha 0.41 019 1.99 215
Fabric Fabric
A Fsl Gsl OSR L A Fsl Gsl OSR L
57ha 3.32 0.39 018 8.59 61 ha 0.31 015 272 215
N w b T N w b T
0.017 /m? 116 m 31m 46% 0.019 /m?2 108 m 13m 23%




WOLVESCHANS 2

Leek

Island

A FSl Gsl OSR L
2.8 ha 0.64 0.26 117 2.46
Fabric

A Fsl Gsl OSR L
3.7ha 0.48 0.20 1.67 2.46
N w b T

0.023 /m? 87m m 24%
YPENBURG 1

The Hague

Island

A =] GSI OSR L
2.0 ha 1.07 0.39 0.56 272
Fabric

A FSI GSI OSR L
26 ha 0.83 0.30 0.84 272
N w b T

0.013 /m? 158 m 19m 23%
YPENBURG 2

The Hague

Island

A FSI GSI OSR L
2.6 ha 1.06 0.43 0.54 2.46
Fabric

A FSI GSI OSR L
3.6 ha 0.74 0.30 0.94 2.46
N w b T

0.020 /m? 101m 16m 30%
YPENBURG 3

The Hague

Island

A FSI GSI OSR

4.5 ha 0.54 0.25 1.40

Fabric

A FSI GSI OSR

4.9 ha 0.49 0.23 159

N w b T

0.017 /m? 118 m 5m 9%

ZAANHOF

Amsterdam

Island

A FsI GSI OSR L
6.5 ha 173 0.36 0.37 4.85
Fabric

A FSI GSI OSR L
79 ha 1.43 0.29 0.49 4.85
N w b T

0.010 /m2 192 m 18m 17%
ZUIDWEST KWADRANT 1 ‘“\&“
Amsterdam &Qy
Island

A FsI GSI OSR L
4.0 ha 1.28 0.29 0.56 4.47
Fabric

A FsI GSI OSR L
6.9 ha 0.75 017 1m 4.47
N w b T

0.017 /m? 120 m 28m A%

ZUIDWEST KWADRANT 2
Amsterdam

Island

A FSI GSI OSR L
4.9 ha 1.28 0.28 0.57 4.62
Fabric

A FSI GSI OSR L
8.0 ha 0.78 017 1.06 4.62
N w b T

0.015 /m? 136 m 30m 39%

53]

ZUIDWEST KWADRANT 3

Amsterdam

Island

A FSI Gsl OSR L
4.0 ha 127 0.29 0.56 4.47
Fabric

A FSI GSI OSR L
6.9 ha 0.75 017 112 4.47
N w b T

0.023 /m? 88 m 21m M %




SAMPLES FROM GERMANY

i)
ARNIMPLATZ
Berlin
Island
A FsI Gsl OSR L
57 ha 2.97 0.57 015 5.23
Fabric
A FSI GSI OSR L
81ha 2.09 0.40 0.29 5.23
N w b T
0.010 /m2 198 m 32m 30%
H

CHAMISSOPLATZ
Berlin

Island

A FSI GSI OSR L
3.3 ha 3.21 0.62 0.12 5.22
Fabric

A FSI GSI OSR L
47 ha 2.24 0.43 0.26 5.22
N w b T

0.017 /m? 120 m 20m 30%

H
GRAZER DAMM

Berlin

|

‘x
Island L=
A FSI GSI OSR L
8.7ha 1.21 0.24 0.62 5.00
Fabric
A FSI GSI OSR L
117 ha 0.90 018 0.91 5.00
N w b T
0.012 /m2 165 m 23m 25%

4]
HACKESCHE HOFE
Berlin

Island

A FSI GSI OSR L
39ha 2.84 0.60 014 470
Fabric

A FSI GSI OSR L
4.5 ha 2.45 0.52 0.20 470
N w b T

0.011 /m? 181m 1B3m 13%

H
HUFEISENSIEDLUNG
Berlin

Island

A FSI GSI OSR L

16.8 ha 0.59 0.20 1.37 2.98

Fabric

A FSI GSI OSR L

207 ha 0.48 0.16 176 2.98

N w b T

0.014 /m? 147 m 14m 19%

B ~—
7

KARL-MARX-ALLEE Il Y/

Berlin /

Island

A =] GSI OSR L

9.9 ha 1.28 0.21 0.62 6.03

Fabric

A FSI GSI OSR L

14.5 ha 0.87 0.14 0.98 6.03

N w b T

0.011 /m2 186 m 32m 32%

KLAUSENERPLATZ

Berlin

Island

A FSI GSI OSR L

4.3 ha 214 0.46 0.25 4.63

Fabric

A FSI GSI OSR L

5.9 ha 157 0.34 0.42 4.63

N w b T

0.012 /m? 165 m 24m

27%




LANDSBERGER TOR PARKSIEDLUNG SPRUCH

Berlin Berlin

Island Island

A FSl Gsl OSR L A FSI GSl OSR L
27ha 152 0.39 0.40 3.92 41ha 0.86 0.25 0.87 3.62
Fabric Fabric

A Fsl Gsl OSR L A Fsl Gsl OSR L
3.8 ha 1.07 0.27 0.68 3.92 4.4 ha 0.80 0.23 0.96 3.62
N w b T N w b T

0.018 /m? 1om 18m 30 % 0.006 /m? 353 m 1Bm 7%
MARKISCHES VIERTEL RAUCHSTRASSE

Berlin Berlin

Island Island

A FsI Gsl OSR L A Fsl Gsl OSR L
16.1 ha 2.02 0.14 0.42 14.01 1.9 ha 1.36 0.28 0.53 4.87
Fabric Fabric

A FSI GSI OSR L A FSI GSI OSR L
179 ha 1.81 0.13 0.48 14.01 26 ha 1.01 0.21 0.79 4.87
N w b T N w b T

0.005 /m? 394 m 21m 10% 0.014 /m? 143 m 20m 26 %
ONKEL-TOM-SIEDLUNG 1 RIEHMERS HOFGARTEN

Berlin Berlin

Island Island

A FSI GSI OSR L A FSI GSI OSR L
20.0 ha 0.70 0.23 1.09 2.98 4.3 ha 2.42 0.52 0.20 4.67
Fabric Fabric

A FSI GSI OSR L A FSI GSI OSR L
25.0 ha 0.56 0.19 1.45 2.98 6.1ha 17 0.37 0.37 4.67
N w b T N w b T

0.013 /m? 153 m 16m 20% 0.008 /m? 244 m 39m 29%

i >
ONKEL-TOM-SIEDLUNG 2 RUDESHEIMER PLATZ @‘\
Berlin Berlin @
Island Island

A FSI GSI OSR L A FSI GSI OSR L
18.3 ha 0.61 0.20 132 3.04 4.8 ha 197 0.41 0.30 4.76
Fabric Fabric

A FSI GSI OSR L A FSI GSI OSR L
22.8 ha 0.49 016 172 3.04 6.3 ha 150 0.31 0.46 476
N w b T N w b T

0.013 /m? 154 m 16 m 20% 0.014 /m? 139 m 18 m 24%




20]
TIERGAR