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Compact sprawl
Exploring public open space and
contradictions in urban density

Alexander Ståhle

Abstract
Twentieth century urbanization has left a tremendous footprint on the
globe. It is generally speaking a spread out fragmented suburban and exurban landscape continuously growing according to what has been called
sprawl-like development, increasing energy and automobile dependency,
challenging urban sustainability. Recently urban growth has also turned inwards because of economic and political change. Thus one of the main challenges for future urban design will be to ‘compact sprawl’. This thesis, set in
the field of urban morphology, explores the spatial conditions for suburban densification by looking at administrative and user-related measures
of density, public open space, and pedestrian accessibility. If we consider
useful open space, it would not decrease density, but rather increase spatial
compactness. So would also a well-connected street network, if we consider
accessibility as part of density. The thesis’ first four papers explore new measures that contradict ordinary notions of density and the last three papers
examine densification scenarios on different urban scales in collaboration
with urban planners in practice.
The paper Place syntax explores a possibility to combine the space syntax
description of cognitive accessibility, axial line distance, with place attraction into a combined attraction-accessibility analysis model. Empirical investigation shows that place syntax analysis captures pedestrian movement
and can be used for new types of location density analyses.
Sociotope mapping describes the theoretical body of a new urban planning tool called the “sociotope map” (sociotopkarta) developed in Stockholm planning practice. The map emphasizes that the same public open
space can have different direct use values for different people and thereby
assesses qualitative open space area.
Exploring Ambiterritory investigates the notion of (sub)urban no-man’sland. Densification most often means increased open space use, which
naturally leads to an increase of potential conflicting territorial interests.
However, the reduction of vague user space and unclear legal territories by
densification can increase the size of useful open space.
More green space in a denser city investigates whether little public green
space means low accessibility. User questionnaires and GIS-analyses in ten
city districts in Stockholm correlate and show that it is possible to have
more accessible green space in a denser city.
Strategic exurban landscape densification investigates different municipal
location strategies and development rates in the municipality of Kungälv.
Results show that location strategies create the biggest landscape impact
and not development rates.

Greening metropolitan growth analyzes the density landscape in Stockholm county region and finds some correlations with health and socioeconomic variables. Growth scenarios in the regional plan for 2030 show decreasing compactness and spaciousness in inner suburbia.
Compact sprawl experiments use the measures developed in the former
papers on four densification scenarios in two suburbs in Stockholm. The
results show how it is possible to efficiently compact modernist sprawl, particularly the inner suburbs.
It is likely that we will be more dependent on walking, bicycling, and
public transportation in the future. Street networks and public open spaces are then key issues today just as they were at the end of the nineteenth
century, creating compact, sustainable, liveable, equitable, and more competitive cities. In fact, many compact urban cores such as in Stockholm,
London, and Manhattan have through the 20th century persistently stood
up to the competition against more sprawling cities. The thesis shows that
compacting inner suburbia seems to be the new frontier many cities and
planners are facing. In fact, this is a vast unexplored field that needs further
attention in urban studies and urban morphology in particular.
Keywords: Spatial morphology, Urban design, Public open space, Urban
density, Landscape planning
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Preface
I see my life very much as a contrapuntal journey between centre and periphery, city and countryside, culture and nature, self and collective, freedom and restraint, research and practice, art and science, densification and
sprawl. Some philosophies say dualism is the prison of modernity and other
philosophies say it is the only way to grasp the wholeness of the world. This
thesis is, in many respects, a journey into counterpoints and contradiction
in the transformations of the contemporary city, as emphasized in the title.
Likewise, my thesis work has been a struggle between theory and empirics,
facts and feelings, hope and despair. In this expedition, many people have
stood by me and made me go through it.
First, I feel much gratitude and honour to have had Doctor Lars Marcus as my supervisor. Without doubt he has proved to be Sweden’s leading urban morphologist. Our talks and projects make the very foundation
of my view of the city. Senior researchers that have been of great support
as opponents and collaborators are Vania Ceccato (KTH), Patrick Grahn
(SLU), Anders Karlström (KTH), Andreas Seiler (SLU), and Jesper Steen
(KTH). Here I want to pay special tribute to Professor Hans Lind (KTH)
who inspired me from the first science theory course and finally became
my co-advisor for the finishing critique and proofreading. Other researcher
that has meant a lot during the working period are Michael Batty (UCL),
Ulla Berglund (SLU), Sven-Ove Hanson (KTH), Bill Hillier (UCL), Bin Jiang (GH), Gunilla Lindholm (SLU), Maria Nordström (SU), Per Näsman
(KTH), Johan Rådberg (LTH), and the people connected to the European
research networks GREENSCOM and COST C11. A big tribute also goes
to the Swedish Research Council FORMAS that financed my PhD-studies.
Also, thank you Staffan Lundgren who made the big last-minute effort of
lay-outing the document to a book.
Naturally, the PhD-students and fellow researchers at the research
group Spatial Analysis and Design, Daniel Koch, Ann Legeby, and Henrik Markhede have been tremendously important for the daily debates and
common reflections. Other PhD-students and students that have supported the developments of ideas are Martin Bucht (KTH), Leandro Caballero
(SU), Björn Ekelund (LTU), Hanna Erixon (KTH), Noah Raford (MIT),
and Hans Rullgård (SU).
A vital part of the research process has been my part-time practice at
the consultancy firm Spacescape, where the collaborations with Tobias
Nordström and Malin Dahlhielm have been most rewarding and inspiring. Thank you for having such patience when it was needed. I would also
like to thank my former colleagues and collaborators at Stockholm Urban
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Planning Administration, Cristina Björn, Katarina Borg, Ulrika Egerö, and
Niklas Svensson and at the Stockholm Regional Planning Office where
Greger Lindeberg, Bette Malmros, and Katarina Fehler have been important for transforming practice into research and vice versa. A very special
role was played by my former mentor landscape architect Anders Sandberg
who introduced me to the world of park planning that was to become the
starting point of my professional career. Your ideas live on.
For continuous moral and comical support I pay great tribute to my
closest friends on earth Gustaf and Henrik. Thank you for being true companions.
And what could I have done without my mother and father who always
supported me and let me be the one I strived to be.
Lastly, I cannot find words how much my wife Sofia means to me, being
there night and day, in sickness and in health, supporting and caring for
our children Hanna and Karin, who are the essential reason why I work and
hope for a better urban world tomorrow.
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Introduction
Twentieth century urbanism has left a tremendous footprint on the globe. It
is generally speaking a spread out fragmented suburban and exurban landscape continuously growing according to what has been called sprawl-like
development. Its impacts on social, economic, and environmental sustainability as well as on our lives in general are incalculable. Urbanization continues and today more than half of the world’s population lives in cities.
Recently urban growth has in many places, mainly due to economic and
political changes, turned inwards in a programme of densification. Thus
one of the main challenges for future urban design has become how to
‘compact sprawl’, densifying the open spaces of suburbia, creating a denser
but still spacious environment. In the thesis, the meaning of compactness
is referred to as the combination of built-up (indoor) space and open (outdoor) space. A ‘compact city’ in this sense is a city that has a lot of accessible
floor space and public open space at the same time. This introduction will
focus on density and urbanism in USA, Europe, and Stockholm by briefly
outlining the history of urban growth and densification as well as the state
of the contemporary city. In addition, the introduction comments on the
public debate on densification and sprawl and discusses future challenges
for urban design. With this as a background, the main research questions
of the thesis are outlined.
A brief historical background
If we believe, as many researchers do (Lefebvre [1974]1991, Harvey 1996,
Hillier 1996, Batty 2008a,b), that cities are materialized societies and that
the physical structure of cities is a result of social, economical, and environmental processes over time, it is necessary to recognize the history of urban
morphology and design ideas when studying contemporary and future city.
The following section serves as a concise historical background of urban
growth, densification, and sprawl as it has developed through the 19th and
20th century. Historical reviews like this one are common in works on urban morphology and do the service of historically positioning the specific
topic of the different theses (Rådberg 1988 [in Swedish], Saglie 1998, Marcus 2000, Lundgren-Alm 2001 [in Swedish], Klasander 2003, Ståhle 2005
[in Swedish]). Therefore, Rådberg (1988) and Saglie (1998) have been the
most important sources for this section in this thesis since their research
has been specifically devoted to density in cities.
In a morphological sense, cities have never been only a cluster of buildings but a mix of buildings, paths, and open spaces. This is central to this
thesis since it aims to explore and develop the concept of (public) open
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Fig. 1. Plan of Miletus around 470 BC (Steele 1992) and layout plan for rapid growing suburb Kariako outside
Dar es Salaam from 1994 (Lupala 2002)

space within the field of urban density. The issue of density goes back to
the very first larger settlements and cities. The actual definitions of urbanity have most of the time to do with the concentration of people, which by
necessity also leads to a concentration or compaction of built indoor and
outdoor space, a spatial morphology. Cities are indeed a result of a seemingly chaotic “competition for space”, which have led to the imposition of
idealized geometric plans to organize space (Batty 2008a, p. 769).
Modern urban planning and design has its origins in the gradual industrialisation of the western world and the synchronized degradation of
urban environments and health in the 18th and 19th century (Benevolo
1967). In the 1700s, London and Paris, for example, were highly polluted
slums with a high infant death rates and wide spread epidemics (Dye 2008).
By the 19th century, social commentators noted “the wretched suburbs that
sprawl all round our fairest and most ancient cities” (Morris 1902). This demanded public authorities develop health legislation that emphasized green
space (Hamlin & Sheard 1998) and urban planning (Hall 1998). Planning
and design tools were developed for controlling built space and open space
in terms of geometrical models and measurements for density.
Haussmann, a famous pioneer of modern planning, regulated Paris using wide boulevards, increasing building height restrictions, and planning
open space (Choay 1969, p. 15-27). This urban surgery injected green space
in the city centre and light in the dark narrow streetscapes, managed heavy
traffic, and most importantly allowed increased building height, which
boosted development rates, population densities, and property values (Hall
1988, p. 180). The regularist model, related to the City Beautiful movement,
was adopted by Boston, Chicago, Vienna, Berlin, and Copenhagen. This approach led to extensive urban densification. For example, New York’s Cen-
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Fig. 2. Haussmann’s plan for Paris and Lindhagen’s plan for Stockholm (Selling 1970).

tral Park was mainly used as means for raising property value and increasing urban development (Choay 1969, p. 23). Another classic example is the
London green squares, which were aimed to keep people in central London,
to counter sprawl. The expectations of the developers were realized; people
built houses near the squares, and gradually these areas became as dense as
the old city (Sennet 1974, p. 55). In 1876, the ‘Haussmann of Stockholm’,
Albert Lindhagen, introduced a system of esplanades and parks to cope
with the same maladies of the urban environment and at the same time to
attract higher densities: “if parks are to be useful for the citizens of a big city,
they have to be integrated within the very core of the city, be accessible from
everywhere, in everyone’s way, and in the vicinity of everyone’s apartment”
(Selling 1970, author’s translation).
The use of density and open space measures must be considered as part
of modern urban planning and design from the very beginning. The urban
design theorist Baumeister (1876), who propagated “light and air”, claimed
that building height should not exceed street width. He also stated that
sqm/person is a rough measure of environmental quality. Stubben (1907)
claimed that the congested inner city courtyards could gain from creating
common gardens. Sitte ([1889]1965, p. 169), however, claimed that there is
a need to restrict the amount of greenery in cities since it can increase the
volume of transport thereby decreasing urban accessibility. This is also an
articulate argument that is common in the contemporary debate on urban
densification.
In 1898, Howard formulated in his “Garden cities of to-morrow” – the
first suburbs and one of the first norms for private and public open space
(Howard 1898, p. 54, 67). In 1912 Unwin, a Garden City advocate, introduced the “12 houses per acre” idea and sharpened the argument “Nothing gained by overcrowding!” with sophisticated development calculations
(Unwin 1912). He claimed that the opinion that low density would mean
low accessibility had been exaggerated, referring to the geometric property of the circle: the developable area increases by x square of the radius
(bird’s distance). Unwin argued, as Hoephner, that high densities primarily
favoured the developer and not the citizens. The development of garden cities outside of the city edge was the start of the suburban movement and of
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Fig. 3. Howard’s diagram of the Garden city (1998) and Le Corbusier’s “La ville radiuese“ ([1924]1987).

modern sprawl (Rådberg 1988, Hayden 2003, Bruegmann 2005).
At the end of the 1920s, Anton Hoenig introduced the Floor Area Ratio
(FAR) and the Open Space Ratio (OSR). FAR is equal to the total floor area
divided by the site area. OSR is equal to the amount of open space divided
by the total floor area within a certain site. Hoenig only considered “useful”
open space and claimed that 1.0 was the limit to spaciousness. This measure had great impact on urban design and was applied in Nordic planning
guidelines in the 1960s (Ståhle 2005) and is still used in New York’s zoning
regulations to create open space (New York City 2008).
In the 1930s, the modernist urban design doctrine dramatically changed
the way society looked at cities. Using theories and ideas associated with
CIAM, Le Corbusier and Gropius advocated for inner city renewal and extensive suburban development. Gropius’ diagrams show how the relationship between sun exposure and open space highly influenced the development of slabs and point buildings (Gropius 1962). Sert, vice president
of CIAM (Congrès International d’Architecture Moderne – International
Congress of Modern Architecture) 1947-56, claimed that high-rises were
the only way to create open space for recreation and parking lots. Le Corbusier, who introduced the concepts “La Ville Verte” (The Green City) and
“La Ville Radieuse” (The Radiant City), formulated it like this:
“The towns of today can only increase in density at the expense of
the open spaces, which are the lungs of the city. We must increase
the open spaces and diminish the distances to be covered. Therefore,
the centre of the city must be constructed vertically” (Le Corbusier
[1924]1987).
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This basic assumption that aims at raising compactness in the meaning of
expanding built-up space and open space at the same time is the most central theme explored in the thesis. To this modernist formula the thesis also
adds perceived pedestrian accessibility and the use value of open space.
The modernist movement had its greatest impact on suburbia, at least in
Europe. In 1944, Abercrombie proclaimed density norms for different zones
in his Greater London Plan, the leading framework for the reconstruction
of London after World War II. The zones were defined as concentric rings
around the city centre. “The green belt” was introduced, inspired by Unwin,
as an urban growth boundary (Hall 1998, p. 184-185). Abercrombie (1944)
stated that “‘All forms of open space need to be considered as a whole, and
to be co-ordinated into a closely-linked park system, with parkways along
existing and new roads forming the links between the larger parks”. His
plan inspired both Copenhagen’s “finger plan” from 1947 and the Stockholm General Plan from 1952 (Rådberg 1988, pp. 316-317).
The Stockholm General Plan introduced traffic separation, the neighbourhood unit, districts served by extensive public transport, and precise
guidelines on land use, transport, density, open space, and play ground distribution (Stockholms stad 1952, p. 213). Gradually Swedish modernist urban design became increasingly rational and industrialized. It peaked with
the “Million Homes Programme” between 1965-75 (Hall & Vidén, 2005)
that created quite dense suburbs with extreme zoning and traffic separation (Andersson 1998). Morphologically the modernist movement from
the 1930s until 1970s gradually disconnected the street from the buildings
(Klasander 2003) and gradually pushed the green areas out to the fringe of
the suburb (Ståhle 2005) creating stretches of green areas and traffic in an
archipelago of suburban districts. Until the 1980s, western European and
American cities are experiencing a heavy sprawl-like development.
We have now reached the end of the 20th century and the postmodern turmoil in society (Thatcher, Reagan, fall of Berlin wall, IT-revolution),
economy (1973 and 1979 oil crisis, Post-Fordism, globalization, technological revolution), and planning and design ideologies (postmodern and new
urbanist movement). Typical descriptions of this era, which we definitely
still are experiencing, are the fall of communism and the rise of neo-liberalism (Harvey 2005), the fall of rational planning and the rise of communicative planning (Friedmann 1987), and the fall of modernist urban
design and the rise of postmodern urban design (Elinn 1999). In terms of
urban design, there are many parallel trends (actually postmodernism can
be regarded as something truly eclectic), but “New urbanism” stands out
clearly since it has been extensively published, extraordinarily organized,
and heavily debated.
The American “New urbanism” movement (http://www.cnu.org) has,
with main inspiration from Jacobs writings (1961), taken on the anti-modernist role and delivered a fierce sprawl critique, generally promoting higher densities and more ‘traditional’ European forms of urbanism (Duany et
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Fig. 4. Abercrombie’s Open Space Plan in the Greater London Plan from 1944 (left) and a diagram for the
structure and densities of a “neighbourhood unit” in General plan for Stockholm from 1952 (right).

al. 2000, Calthorpe & Fulton 2001). For both American neo-liberals and
European neo-Marxists, it is unclear whether this is a sustainable answer
to accelerating urbanisation. In America, New urbanism is claimed to be a
threat to the “American dream” (Cox 2006), and in Europe it poses a threat
to “social justice” (GUST 2000, Broms Wessel et al. 2005). Nevertheless,
New Urbanist ideas have been increasingly implemented in urban design,
not at least in Stockholm, because it is a convenient and profitable design
strategy for urban densification (Andersson 1996).
What then are the connections between the ‘postmodern turmoil’ and
the increased attention to urban renewal and densification in recent years?
It is a complex relationship between social, economical, and spatial processes. When in the late 20th century the economies continued to grow,
this fuelled city growth, now not only sprawl, but central densification. The
American economist Michael Porter (1995) believes this is because the inner cities have become increasingly competitive because of their strategic
location, the local market demand that the areas themselves possess, and
the possibilities of integrating regional job clusters. An important factor
was also the change in the western economies into a Post-Fordist state, a
transition that increased attention to information technologies, consumer
types, service workers, and globalization (Sassen 1991, Porter 1995). Quality of life is becoming a determining factor of urban competitiveness and
urban growth (Biagi et al. 2006, Florida 2002). In Stockholm, the knowledge-driven post-industrial economy is already a reality, and the city and
its core is, as one of the most successful metropolitan regions in the OECD,
growing with increasing speed (OECD 2006). Large-scale industries from
the 1950-70s in city centres either moved to other parts of the world or to
the city fringe with lower land rents and lower environmental demands.
Simultaneously, other types of small scale businesses based on social interaction and knowledge sharing, mainly IT and culture, moved in, taking
advantage of the rent gap created by city growth and vacant post-industrial
land, a process that has been called the “urban renaissance” (Rogers 2005).
Rent gap effects from city growth (i.e., increasing the strategic location
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of the inner city) also affected housing developments, creating processes
of gentrification in inner suburbia (Clark 1987). Because this is a development more emphasized in older cities, it is more common in Europe than
in U.S.A. although New York, Boston, and San Francisco are exceptions.
Generally modernist suburbanization and inner city demolition by freeways and skyscrapers went a lot further in the U.S.A. (Cox 2006 p. 59) than
in Europe where city cores had an older economic geography and more
established public infrastructure (Hall 1988). However, 80% of workers on
Manhattan use public transport (Sorkin & Zukin 2002). In Stockholm’s inner city, this figure is 64% (Miljöförvaltningen 2006). Many of these older
city cores – such as London, Paris, Copenhagen, and Stockholm – also have
established and developed qualities in their public open spaces that have
attracted both residents and new businesses (Gehl & Gemso 2000, Florida
2002). Although sprawl is continuing (EEA 2006), densification is increasing and in Nordic cities it has led to a renewed attention to urban culture
(Wiklund 1995) and changes in attitudes to urbanism (Saglie 1998). Urban
densification has become a part of the ‘postmodern turmoil’, dependent
on public transportation, high quality public open space, and “pedestrian
primacy” (Sorkin & Zukin 2002). Evidently public open (green) space has
once again, as in the late 19th century, become a key issue to the life quality
of contemporary urbanized landscape.
The contemporary urban landscape
At the beginning of the 21st century, more than half of the world’s population live in urban areas. Urbanization is escalating, especially in the vicinity
of already urbanized areas (UNFPA 2007). By definition it is happening as
urban and rural densification. The dominating manner in which cities grow
is what is called “urban sprawl”, commonly understood as “the spreading
out of a city and its suburbs over more and more rural land at the periphery
of an urban area. This involves the conversion of open space (rural land)
into built-up, developed land over time” (Sprawl City 2008). Urban theorists describe the contemporary sprawling urban fabric as “blended to form
an amorphous and fractured landscape” (Jacobs 2002, p. 19). Suburbia has
become a collage of ‘scapes’ that is superimposed constantly fluctuating
by the systems of transport ecology and human activities, a “Terra fluxus”
(Corner 2006). Living in this “edge city” is a reality for large parts of the
world’s urban population, and it means both new opportunities and limitations for everyday life and business (Garreau 1992).
In North America, the causes of this development are usually described as a combination of phenomena such as population growth,
rise in household income, subsidization of infrastructure investments
like roads, ineffective land-use, social problems in central cities, and
poor land policies. One of the main factors that help explain the increasing sub-urbanization of population in rich countries is the demand for larger suburban lots. With rise in household incomes, people
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Fig. 5. American high density low compact sprawl (image by IDuke).

who move into the suburbs are motivated to a significant degree by the
desire for more living space. Compared to people who live in cities,
suburbanites live in larger houses, on larger lots, and use automobiles
more often. Developed countries like USA also invest a lot of money on
road and transport infrastructures, investment that encourages the use
of private cars (Glaeser & Kahn 2003, Gordon & Richardson 1997).
In Europe, sprawl is a little different since cities are older and sprawl
started a little later (Bergström 2003). Since the 1950s, sprawl has been
extensive especially in Western Europe and there is no apparent slowing
down in these trends (EEA 2006). The driving forces of European sprawl
are a combination of macro-economic factors such as economic growth,
globalisation, and European integration (EEA 2006). Micro-economic factors are also important such as rising living standards, price of land, and
competition between municipalities. Demography (such as population
growth and increase in household formation) and housing preferences
(such as more space per person and building preferences) are also causing
sprawl. EEA (2006) also stresses regulatory frameworks such as weak land
use planning, poor enforcement of existing plans, and lack of horizontal
and vertical coordination and collaboration in public administration. Of
course, transportation factors are addressed such as private car ownership,
availability of roads, low cost of fuel, and poor public transport. Lastly, inner city problems such as poor air quality, noise, small apartments, unsafe
environments, social problems, lack of green open space, and poor quality
of schools are brought up as forces that drive European sprawl. These forces
are also applicable to sprawl in Sweden although Nordic countries empha-
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size factors such as nature and green space (Saglie 1998, Bergström 2003).
Stockholm, as a typical large Nordic city, has been sprawling since the
beginning of the nineteenth century. Although the scale and size of Nordic
sprawl is smaller than in Central Europe, sprawl patterns and shapes are
similar. In the 1980s, the development of many Swedish cities turned inwards. It has in planning practice been called “building the city inwards”
(Stockholms stad 1999) or “city healing” (Stadsmiljörådet 1995). The developments from the 1980s and 1990s have often been called “city-like developments” (in Swedish “stadsmässigt byggande”), which emphasizes that there
is an ambition to build more densely to support urban lifestyles but maybe
a lack of confidence regarding the actual urban output (Marcus 2000). By
the end of the 1970s, the renaissance for traditional urban qualities started
in the urban design discourse partly because of a need for higher densities
(Andersson 1998), but also following a deep critique of modernist town
planning initiated by urban thinkers like Jacobs (1961).
In more recent decades, there has been something of a modernist revival
and the debate in the architecture community has been fierce between those
who believe in the modernist heritage and those who believe that there is
a need for a “new urbanism”. The debate has also been fierce between environmentalists and growth promoters. The former is represented by nature
or culture conservation organisations and environmental politicians. The
latter is represented by building companies and liberal or socialist politicians wanting to comply with the ever-present demand for housing. Liberals tend to emphasize the conditions for the market to answer this demand
and social democrats’ public policy to solve it, but both are open for large
new developments and densifications.
While trying to solve the constant large demand for housing in semicentral industrial areas, a continuous densification has been going on in the
suburbs, especially in the inner fringe, since the 1980s. It has been an ongoing incrementalism of small projects sometimes supported by a comprehensive plan, but in reality public debate and Not-In-my-Backyard-effects
have diminished larger comprehensive ideas to rather few small and isolated projects. One of the first comprehensive densification plans was “The
program for renewal of the older suburbs” (Stockholms stad 1983). One of
the districts that were surveyed was the early modernist suburb Hammarbyhöjden from the 1930s, carefully placed in the natural forested landscape.
The program emphasized historical character, public dialogue, and that exploited green space should be compensated by increasing the values in surrounding green areas as well as the adjacent green structure. These sensitive
strategies led to very light densification by thin slabs (lamella buildings) in
nature. But this was not enough to solve the demand for housing and some
years later additional densifications were introduced in a much less sensitive tower building style, breaking with the 1930s character.
Building on semi-central industrial land and saving green space was the
main strategy in the City Plan of Stockholm from 1999 and most of the
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Fig. 6. Examples of contemporary densification projects in Stockholm. From upper left; Årstastråket (2003) and NV Kungsholmen by Stockholm
City Planning Administration (2007), Kv Blå Jungfrun Hökarängen (2007) by Reflex, Skälderviken 2 Årsta (2007) by Projex Arkitekter.

development areas have now been planned and many built, such as Hammarby sjöstad, NW Kungsholmen, and Liljeholmen; however, they have all
been criticized for being too dense and often not child friendly. To finance
the high cost for cleaning up the contaminated industrial ground they are
built on, the exploitation was increased, which left less space and money
for creating high quality parks and open spaces. Still, unexpectedly families
with children moved in and this group has generally not been satisfied with
the supply of public and private open space in these areas.
The Stockholm City Planning Authority has now, at the beginning of the
21st century, reached a point where it can no longer use the comfortable
strategy of avoiding green space exploitation by building on industrial land,
parking lots, and sports fields. The pressure on the inner low-dense “green”
suburbs is too strong. The current baby boom also creates a demand for
larger apartments, which are scarce in these attractive areas. New families
that cannot afford the high rents for larger apartments in the inner city
are forced to move out to the suburbs, to low density terraced or detached
housing, thus driving sprawl. This situation taken together has led to a renewed attention to a need for development and new approaches in the urban design of density, streets, public spaces, and parks (see projects below).
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Fig. 7. Aerial photos of Stockholm suburban sprawl (from upper left); Årstafältet, Hässelby and Bromma, and Stockholm compact inner city (lower right); Vasastaden.

The demand for new knowledge in urban design is often clearly expressed
in the current debate among urban developers and researchers.
The public debate on densification and sprawl
The public debate on urbanization in the developed world has one thing
in common. It is practically all about “sprawl”. Urban sprawl – its forms,
causes, and consequences – refers to almost all aspects of human settlement.
It addresses spread-out peripheral development and influences what happens in city centres since centre and edge are economically, socially, and
environmentally interdependent. Cox, which is one of the heaviest critics of
American anti-sprawl (smart growth) policies, pinpoints the sprawl debate:
“Early urban areas suburbanized as far as people could walk. During
the 19th and 20th centuries, urban areas suburbanize as far as mass
transit system would allow. More recently, some urban areas have
suburbanized as far as automobiles will allow. Automobile-based suburbanization is the target of the anti-suburban (anti-sprawl) [smart
growth] movement”. (Cox 2006)
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Fig. 8. Examples of contemporary architectural and urban designs that
aims to optimize floor area and (green) open space, i.e., a spatial compactness. From upper left: “Typehouses” PLOT from 2004, “Urban plan
Valby” from 2005 by BIG (http://www.big.dk), “Magic Mountains” from
2007 by COBE (http://cobe.dk), the elevated park in “Beijing 2050 CBD”
by MAD (http://www.i-mad.com), the multilevel park in “Netherland Pavillon Expo 2000 Hannover,” by MVRDV and “The High Line” in Manhattan
by Field Operations (http://www.fieldoperations.net).

A crucial question is hence automobile dependency with evident environmental consequences and connotations to climate change, but in the general debate social and economical issues are emphasized just as much.
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“The real estate industry is fighting back in the public relations war
over sprawl. The National Association of Home Builders [NAHB]
says a recent poll released by Smart Growth America [SMA] is “seriously flawed” because it relied on leading questions to reach the
conclusion that three-quarters of Americans favor stricter controls
over new development, including establishment of green space
zones that would be off-limits to builders. ‘The poll shows the bias
of an organization that wants to stop growth rather than engage in a
meaningful conversation about how to create thriving communities’
says Robert L. Mitchell, a Rockville, Md-based homebuilder who is
president of the association. Meanwhile, the National Association of
Realtors released its own survey, which found that Americans want
better roads and improved mass transit to fight traffic congestion.
The poll of 1,000 Americans found that 82 percent favor preserving
open space, but only 53 percent favor raising taxes to pay for the land.
Most Americans also do not like the idea of building more homes
per acre as a way to reduce suburban sprawl. Nearly three-quarters
of the people surveyed said they would not even consider purchasing
a house that is closer to other houses and sits on a smaller lot. Eight
in 10 say development and planning decisions should be made at the
local level instead of at the state or federal levels”. (Houston Business
Journal, November 10, 2000)
The quotation above characterizes the American “war over sprawl” where
polls stand against polls, sprawl NGO’s (like NAHB and Realtor) against
smart growth NGO’s (like SMA and ULI). The SMA poll emphasizes planning, high density, and green space control. The Realtor poll emphasizes
road development, cost of public green space, larger lots, greater distance
between buildings, and the backdrops of local authority. Bluntly, it seems
to be struggles between what people want, if they think collectively, and
what the individuals wants, if they think individually. It looks like an unsolvable contradiction between the public and the individual where there is
no middle ground or third way. Another smart growth-NGO, Urban Land
Institute (ULI 2005), claims that sprawl is not necessary and that there are
no evident contradictions. For example, they state, with support from various surveys, the following:
“higher-density development requires less extensive infrastructure
[…] can increase property values […] makes walking and public
transit more feasible […] have not significantly different crime rates
[…] decreases air and water pollution and preserves natural land […]
can attract ‘good’ residents and tenants and fits into existing communities […] is increasingly preferred as a preference of housing […]
attract all income groups”. (ULI 2005)
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The discourse on sprawl in Europe is slightly different because of both urban and political history. The European commission’s “Green paper on the
urban environment” from 1990 addressed the need to manage sprawl. The
commission clearly states that “Avoiding urban sprawl through high density and mixed-use settlement patterns offers environmental advantages
regarding land use, transport and heating contributing to less resource use
per capita” (2006, p. 10). Along the same line of argument is the British
initiative Urban Task Force:
“Our vision is of a planning system that takes every opportunity to
use brownfield before greenfield sites; of a regeneration, recycling and
reinvestment approach to existing homes and communities; of new
high-density developments that meet the highest energy efficiency
standards…” (Rogers 2005, pp. 13-14)
In Sweden, a recently published article in the national daily newspaper Dagens Nyheter from the three major national planning authorities and six
political left- and right-wing leaders at the municipal level addresses the
need for density:
“Build denser in the bigger cities to decrease green house gases – New
solutions on urban design and transport give us safer and shorter
trips. A compact and functional city gives lesser green house gases.
Densification means that nature is saved and existing infrastructure
is reused”. (Skogö et al. 2007, author’s translation)
The Swedish Association of Architects also recently published a pamphlet
on “Sustainable Urban Development” (Ullstad 2008) that takes its starting
point the fact that “Sustainable urban development is to 98% maintenance
and development of the existing city” (Ullstad 2008, p. 20). The main challenge is stated as the densification of suburbia and the connection of segregated suburbs and the most important fields of action, an approach claimed
to be the renaissance of public space in planning; however, trends point to
the opposite direction, to a decline of contemporary public space. This is
explained by the modernist urban design, cuts in municipal expenditures,
and a more market-oriented planning processes (Ullstad 2008, p. 26). At
the end of the pamphlet, the values of urban sustainability are presented,
with strong emphasize to ‘compact sprawl’:
“The urban landscape and surrounding nature- and cultural landscapes must be coordinated and weaved together. Urban density and
green spaciousness have to be organized into a common whole. Natural green spaces have to maintained and supplemented with designed
parks. Even if the common notion of the city is the concentration of
buildings, public open space is crucial to the city’s attraction. A big re-
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sponsibility to develop attractive and sustainable urban design lies on
the landscape architects”. (Ullstad 2008, p. 70, author’s translation)
Finally, the strongest NGO in nature protection in Sweden – Naturskyddsföreningen (SNF 2006) – has, as many other environmental agencies like
the Sierra Club in U.S.A. (http://www.sierraclub.org/sprawl), recently taken
on the “war on sprawl”.
There seems to be a broader political consensus regarding anti-sprawl
policies in Europe than in the U.S.A. Pro-sprawl voices are seldom heard in
the public debate as in America. Some researchers and architects have tried
to describe sprawl as an inevitable development given the social and economical conditions for growth (GUST 2000, Koolhaas et al. 2000, Arnstberg 2005), but these ideas get little attention in politics and media. Rather
the consequences of compact city policy, namely densification, are heavily debated locally. For example, the “Green Belt” of London, the “Green
Heart” of Holland and the “Green Wedges” in Stockholm, are continuously
questioned by local developers and authorities. Densification in Swedish
suburbs most often faces challenges because of Not-In-My-Back-Yard attitudes: “Do not sacrifice our green spaces!”.
The Stockholm City Planning Administration, however, sees no other
option in facing the current demand for housing and urban development.
“In [the municipality of] Stockholm we have 32 people per hectare in the suburbs and 82 in the inner city, which means 42 on average. In 2030, we must have 80 000 more dwellings, which means
150 000 new inhabitants – this is the political vision, even though
it is not possible to decide in practice. When we have developed
Hammarby Sjöstad, Liljeholmen, Norra Station, Västra Kungsholmen, and Värtan [semi-central industrial areas], we will definitely
look at the voids of suburbia, often the green spaces that separates
our suburbs. In the suburbs, we want to generate encounters that
can override segregation in society. Today we want city life; that’s
the mega trend. Hence we can densify and increase the density we
got. But if we are going to develop these voids, how do we do it?
Bengt Andrén, head of suburban planning Stockholm City (Berkefelt
et al 2007, author’s translation)
This comment from the municipal urban planner is replied by researcher,
Karin Bradley. The researcher’s comment was also referred to in the national daily newspaper Dagens Nyheter as an accurate critique of the planning
authority’s incapability’s of coping with contemporary urban growth.
“One can ask oneself, if the answer is ”a dense city” – what is the question? Often it sounds that we all know what a ”dense city” is and how
it should look like. What do you mean by a dense city and why dense?
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Dense compared to what?” Karin Bradley, researcher KTH (Berkefelt
et al 2007, author’s translation)
At first, the researcher’s comment seems extremely naïve, but when you
come to think of it, it is exactly these questions that drive urban design. After decades of research during the development of modernism, it is amazing that contemporary research has so little to offer the future challenges of
urban design practice.
Future challenges for urban design
In one respect we know very little about the future. Who could have foreseen the shape of urban development after World War I and the massive
impact of modernism on urbanized landscape? In spite of this, Batty notes
that “there is strong order and pattern that emerges from the myriad of
decisions and processes required for a city to develop and grow” (Batty
2008a). What we have built in the last century will for the most part stand
for at least another hundred years. This spatial structure will, as the urban
forms built in the 19th century have done, directly influence urban life to
come. It will also set limits to what can be built within existing cities, since
tearing down is always costly, socially and economically. Hence we have a
substantial geo-spatial matter to work with in the next century, which is
both fragmented and structured in a certain way whether we want it or not.
We have reached “after-sprawl” (Xaveer De Geyter Architects 2002). What
are then the possible challenges for future urban design given the social and
economical changes and trends in contemporary society? In the following
section, a number of major fields of action are outlined.
Without question there is an ongoing globalization. This means that
people and technologies are rapidly increasing moving across boundaries
around the planet. In part due to new transport and information technologies, people are less bound to place (Castells 1996:1998). However, this development creates an inverse situation that emphasizes place, since it is now
even more essential to be in the right place at the right moment (Mitchell
1997, McCollough 2004). In addition, today people do not follow jobs; it is
at least partly the reverse. This then makes place and urban environmental
quality increasingly important in the global society for attracting “the creative class” (Florida 2002). Vibrant urban life, which is directly related to the
issue of density and densification, has become a competitive device for cities. Generally the proportion of a country’s population living in urban areas
is highly correlated with its level of income. However, rapid urbanization is
also associated with crowding and environmental degradation. (Bloom et
al. 2008). Then public open (green) space seems to be a key matter when
reducing negative impacts of urbanization and consequently driving sustainable urban growth just as it was just in the last turn of the century. This
can also be explained by the impact of urban green space on property values (Hammer 1974, Tyrväinen & Miettinen 2000, COST 2005, pp. 267-273,
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http://www.pps.org, http://www.tpl.org/). Recently Central Park in New
York was estimated to have a real estate value of $528,783,552,000 (http://
matrix.millersamuel.com).
Another side of globalization and capitalist urbanization is that people
with little capital become relatively bound to the “space of place” (Castells
1996:1998). This is emphasized by the process of social fragmentation and
the development of “gated communities” supported by the urban structure
(GUST 2000). Uneven distribution of densities can lead to injustice in distribution of public services. When Soja recognizes “environmental justice”
as “spatial justice”, he is actually emphasizing local accessibility and density
patterns (Soja 2000 p. 88). Also, large low density settlements with detached
housing tend to be mono-functional and uniform in real estate structure,
which is likely to lead to a homogenization of local population (Duany et
al 2000). Social segregation is also closely connected to spatial integration
of public streets and walkways, which in suburbia often is deliberately low,
creating an archipelago of detached suburbs. Hence suburbs separated by
voids do not need “gates” to be physically segregated (Vaughn 2007). Former mayor of Bogota Enrique Peñalosa (2001) is straightforward when it
comes to the importance of the quality of urban public space.
“Higher income groups always have access to nature at beach houses,
lake cabins, mountain chalets, on vacations - or in urban settings at
golf courses or large gardens. Parks allow the rest of society that contact as well. […] For the poor, the only alternative to television for
their leisure time is the public space. For this reason, high-quality
public pedestrian space, and parks in particular, are evidence of a
true democracy at work”.
Undoubtedly there is an insecurity concerning the future dependence on
energy. It is not certain that we will have enough energy to support our current transport behaviour and infrastructure in our cities (Batty 2008a). If
transport costs rise due to higher post oil-peak energy prices, urbanites will
become more dependent on walking, bicycling, and public transport (Breheny 1995, Kenworthy et al. 2000, Burer et al. 2004). Hence an urban structure where it is possible to live everyday life by foot will be more resilient
to change in energy supply and probably more competitive and sustainable
(Dodson & Snipe 2005). The issue of energy is closely connected to climate
change. A lot of evidence has been put forth that proves that the current
change in earth’s climate can be connected to “anthropocentric activities”
and energy usage (IPCC 2007, Ewing et al. 2007). Since a large part of energy use and emissions of green house gases comes from oil-based transportation, urban density becomes a strategic field of action for decreasing
automobile dependency (Levinson & Wynn 1963, Naess 1995, Holtzclaw et
al 2002, Bulkeley & Betsill 2003, p. 77). It is then logical that counter-sprawl
policies and compact city models are discussed when it comes to decreasing
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vehicular transportation (Ewing 1994, Duany et al. 2000, 1994, Batty 2008a),
although it is heavily debated within the research community (Gordon &
Richardsson 1997). There is, however, no disagreement in that suburbia is
automobile-dependent even among pro-sprawl advocates (Cox 2006).
The impact of vehicular traffic on environmental quality and health is
indisputable. Traffic congestion, air pollution, vehicle crashes, and pedestrian injuries are some of the direct effects of increased car usage (Frumkin
2002), even though pollution levels per vehicle are decreasing (Cox 2006
p. 85-87). Then there are secondary effects. Increased car usage also means
less walking and bicycling. Research shows that low physical activity relates
to an increased risk for cardiovascular disease, stroke, hypertension, high
cholesterol, diabetes, and obesity, where the latter have many known secondary diseases (Saelens et al. 2003; Frumkin 2002, p. 205). Hence a city
that encourages walking and bicycling (Lee & Moudon 2006, Moudon et
al 2006), especially to parks and open spaces (McKee 2003, Grahn & Stigsdotter 2003), would naturally be healthier. This would logically be a living
environment where most of the important daily activities are always within
pedestrian range, i.e., with high accessible density. Although the relation
between density and the amount of walking is not always direct (Forsyth et
al. 2007), it is certainly something that can increase walkability (Moudon et
al. 2006, Ståhle et al. 2008).
Biodiversity is on the decline, and the future does not look bright for
many endangered species (Vitousek et al 1997). Ecologists have found that
a large part of the earth’s biodiversity can be found within urban areas, especially in suburbia (Andersson 2007). Since biodiversity is to a large degree a result of landscape morphology, it is evident that urban designers
should engage in this issue even though it can be argued that, in Sweden
at least, these issues at times have become too dominant in urban planning
and in the environmental impact assessments. Nonetheless, new landscape
ecological research shows that it is not solely the size of nature areas that
matters to biodiversity: it is also the ecological networks and its division
into individual spaces (Andersson 2007). If diverse networks rather than
areas are more resilient ecosystems, then the issue of density becomes dependent on spatial connectivity and fragmentation. Hence it should be possible to build denser and increase ecosystem services. Another important
service from nature is cooling. Vegetation and water is known for its capacity to cool urban environments, and urban heat islands have been shown
to be increased by sprawl since it creates relatively large amounts of hard
surface area (Oke 1973). Frankly, this can also be seen as a density problem.
Higher buildings and densities would theoretically reduce the amount of
hard surface area per capita. This points to one of the major arguments for
high density; land consumption.
It is well known that low-density sprawl generally expands at the expense
of agricultural land as demand for spacious housing and cheap land grow
(Johnson 2001, Antrop 2004, EEA 2006). The land consumption by urban-
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ization can be studied by landscape ecological methods over time (Compas
2007, Weng 2007, Ståhle & Seiler 2008). For example, the U.S.A. lost 2.2
million acres annually worth of farmland and other open spaces to sprawl
between 1992 and 1997 (USDA 1997). This consumption of open space has
been fought by urban planning since the 19th century and it still is fought
by growth management policies, greenbelts, and urban growth boundaries
(Kelly 1993, Nelson 1999, Frenkel 2004, Bengston & Youn 2006). Shortage of productive land, apparent in countries like the Netherlands, has also
forced architects to experiment with density limits (MVRDV 1998, 2006).
The impact of these designs, plans, and policies are heavily debated, but the
mere fact that many big cities in both North America, Europe, and Asia
have implemented anti-sprawl strategies for improving density are increasingly putting urban design to the test.
It seems that a prime goal for future urban design is to enhance and assess density and walkability. This means there has to be a thorough study
of the potential backdrops to high density and high accessibility such as
congestion, crowdedness, and territorialization that has hit many North
American downtowns (Hayden 2003, Bruegman 2005, Cox 2006). Batty
(2008b) addresses this issue:
“Compactness does not necessarily mean building high, for tall buildings are simply spread out in a different dimension. […] Spreading
out into the third dimension is problematic in terms of the costs of
construction, while spreading in the second dimension incurs massive costs of transportation, as we know from urban sprawl. […]
Three of the world’s cities - London, Tokyo, and New York - have
such different shapes and scales of building, from the small-scale,
low form of London, to the high rise of Manhattan, to the compact
but massive block building of Tokyo, that it is essential to ask which
city form is more sustainable in an age when energy resources appear
ever scarcer. We simply do not know the answer”.
Batty’s statement is challenging and humble, which one has to be when
trying to explain the impact of urban morphology and design on other
urban phenomena. However, quite surprisingly, something fundamental is
missing in Batty’s argument and actually in much of the research on urban
density and sprawl (e.g., Saglie 1998, Galster et al. 2001): open (public)
space. It is evident that open space is a big void in urban morphology, and
paradoxically also in the field of urban density (Talen 2003). The biggest
flaw is the acceptance of open space as directly correlated to the amount
of built space, and not taking open space attraction or accessibility into
sincere consideration. This crude generalisation has been applied since the
beginning of modern(ist) planning. The ideology that has to be falsified
and much more debated can be illustrated by Saglie’s diagram below (1998,
p. 226).
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Expectations on quality

Central location

Access to centre and urban
pleasures

Peripheral location

Access to nature and extensive
green areas either private or
common, “peace and quiet”
Expectations on drawbacks High density, reduced access to Long distances to “urban pleagreen areas, traffic nuisance
sures”

Fig. 9. Model for interpretation of housing qualities and location (Saglie 1998, p. 226)

In the same line of argument, densification is often formulated as such:
“In growing cities, there is a demand for development areas, which poses a
threat to existing green areas. Therefore, it is of interest to know to what extent different types of green areas are used by residents” (Florgård & Forsberg 2006). This thesis presents many cases when these statements are false
and actually counterproductive because urbanization is a precondition for
open space use value and vice-a-versa. This, however, is not the most important thing. Most important is that there is a possibility to reverse this
determinism by urban spatial design itself, and not only by social, cultural,
or economical means or changes in attitudes. The root of the problem may
lie in how we perceive and measure urban density.
This thesis confronts our understanding of urban density and shows
how the design of urban form, especially public open space and spatial accessibility, can be given the tools to address many of the apparent problems
we now face in the worldwide densification of cities. Hence one of the biggest challenges for future urban design is to confront the common opinion
about open space and to deconstruct it and re-construct a notion of it so
that it can be used in design as something constructive and dynamic, bending density to its limits and in reality supporting, not designers’ or developers’, but peoples’ quality of life.
Research questions and research purpose
The introduction described above serves as background for the thesis main
research questions.
– How can urban density, public open space, and spatial accessibility be
related and measured from a user and an administrator point of view?
– How can suburbia be densified, and what measures and strategies
are particularly useful for urban design?
These questions are present in all papers but with different emphasis and
focal points. The overall enquiry of the thesis can be summarized by the
thesis title – How can we compact sprawl? In the world’s developed countries, especially North America and Western Europe, this is one of the most
precious questions for future urban design, planning, development, and
politics. Hence the thesis title could also, a bit more directly, be seen as a call
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to urban planners and designers - Compact sprawl by densifying existing
suburbia and concentrating new suburban developments. The thesis essentially investigates ‘how’ and what morphological knowledge is needed.
Thus the main purpose of the thesis is to clarify the morphological conditions for the densification of suburbia by theoretical and empirical explorations. What is done is a partial investigation of this vast scientific field
that indicates some findings that for the most part is a point of departure
for future research.
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In this section, the research field in which the thesis is set is defined and
described, relating to the two major research questions above. First urban
morphology is discussed as a scientific field and in the context of contemporary urban theory. Then the issue of urban and spatial density and sprawl
is examined, measurements are discussed, and new approaches used in the
papers are outlined. Lastly, scenario techniques in urban design research
used in the thesis’ last three papers are discussed.
Urban morphology as a scientific approach to urban design
By way of introduction, it has to be noted that urban morphology is a very
young and undeveloped field of science in comparison to urban sociology,
urban economics, urban geography, and urban transport research. This has
been recently acknowledged in Science where Batty (2008a) argues for development of a science that “provides new insights into the resource limits
facing cities in terms of the meaning of density, compactness and sprawl, and
related questions of sustainability”. In his article ‘The size, scale and shape of
cities’ in Science (2008a) he declares that a morphological analysis of cities
is desperately needed to understand bottom-up city growth and to make
more realistic city plans. Moreover, Hillier (1996, p. 111), representing an
architecture theoretical approach to urban morphology, declares the need
for an analytical theory of spatial configurations because those who analyse
urban systems and functions are often incapable of conceptualising design
and vice versa. Moudon et al. (2006) show that the shape of the physical environment explains walkability, which they claim needs to be translated to
practical urban design policies. Adding to this, both Moudon et al. (2006)
and Talen (2003) pinpoint the need for new measurements and research on
public open space within urban morphology, density, and sprawl research
for the implementation in a sustainable urban design practice.
Where then in science theory can this approach to urban morphology be
placed? In philosophical terms, the critical theories of the Frankfurt school
(Weber, Adorno, and Habermas) are essential. Critical theory focuses on
false consciousness, consensus and norms that create special interests and
prevent people from really understanding, expressing, and acting according
to their own interests, which in the end creates ethical, political, and social
considerations. It means to investigate forms of power and dominance that
can lead to social damage and inefficiency. Habermas’ (1981) distinction
between system and life world is one of those fundamental tools for thought
central to this thesis, that, for example, can help separate administrative
(system) and user-related (life world) measures of urban morphology. His
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critical realism presupposes that there is an independent world that we represent by provisional constructions, constructions that will show more or
less useful. These constructions, theories, models, or measures are competing hypotheses about reality (Hacking 2001) and will only be applied
in research and the urban design community if they are credible enough
(Sugden 2000). This thesis aims to investigate common concepts and measures of density, public open space, and accessibility and to contribute to an
increased understanding of their relations, limits, and strengths, and at the
same time explore new concepts and measures that can analyze or support
sustainability in urban design. In research practice, this demands oscillation between positivist verification and Popperian falsification.
In terms of models and measures, the thesis is mainly quantitative, an
approach that has been heavily criticized within postmodern architecture,
urban design, and contemporary planning theory (See Elinn 1996, Friedman 1997). To this a credible claim is put forth by Jonung (1996) that if
the choice is between social relevance and mathematical elegance, a choice
between width and depth, the economist (or urban morphologist) should
strive to bridge that gap and combine high relevance with analysis in research as well as in the public debate. Harvey (1996) speaks similarly of a
dialectic approach to urban theory to alternate between spatial analysis that
can give understanding of rigid physical structures, and place analysis that
can explain people’s life situation in a changing world. To grasp a concept
like urban density and public open space, it is necessary to recognize both
dimensions. Although the main focus is only on one of them, there is always a part of the other involved. Batty (2008b) says accordingly, “As ever,
to make progress we need to synthesize the physical [spatial] with the social
and the economic. […] Only then can we make sense of what is sustainable
and what is not”. What is needed is then a system theoretical perspective
concerned with the interplay between phenomena rather than positivistic
cause and effect relations.
Adding to this is urban morphology as a political matter. A city is shaped
and reshaped by economy and social processes that are influenced by the
world of politics (Harvey 1996, Castells 1996:1998, Friedman 1997). Hence
research in urban morphology is very much a matter of political science
and political economy. For this reason, an urban morphologist has to be
aware of the political context in which the research is set. In my opinion,
Michel Foucault put himself in a credible position from the social scientist
point of view. In an interview from 1978, he was asked why he never proposes solutions to politics:
“I have absolutely no desire to play the role of a prescriber of solutions. I think that the role of the intellectual today is not to ordain,
to recommend solutions, to prophesy, because in that function he
can only contribute to the functioning of a particular power situation
that, in my opinion, must be criticized. […] And if I don’t say what
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Fig. 10. Fields of landscape and overlapping fields of science.

needs to be done, it isn’t because I believe there is nothing to be done.
On the contrary, I think there are thousands things that can be done,
invented, contrived by those who, recognizing the relations of power
in which they are involved, have decided to resist them or escape
them. From that viewpoint, all my research rests on a postulate of absolute optimism. I don’t construct my analyses in order to say ‘This is
the way things are, you are trapped.’ I say these things only insofar as
I believe it enables us to transform them. Everything I do is done with
the conviction that it may be of use”. (Foucault 2000, p. 288-294).
Concerning urban morphology and urbanization, there are very concrete
things that can be done by urban design and densification policies.
Processes of modern urbanization have been described by numerous
sociologists like Harvey, Castells, Sennet, Sassen, Davis, and Lefebvre, and
economists like von Thünen, Alonso, Christaller, Lösch, Garreau, and Florida. What is explored in this thesis is primarily the spatial dimension in itself,
how it is connected to certain social and economical issues critical to urbanization and urban densification, as emphasized by urban morphologists like
Batty and Hillier. Conventionally, urban morphology has been concerned
with the geometry of metropolitan regions, city districts, and urban blocks
or spaces, with different emphasis on design. On the regional level, there are
clear connections to geography, transport and regional science. Important
theorists include Miller, Galster, Ewing, and Batty. In regional morphology,
there are also close connections (Torrens & Alberti 2000, Hess et al. 2001)
to landscape ecologists such as Forman and Turner and landscape urbanists
such as Corner, who are mostly occupied with urban fringes.
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Fig. 11. Relations to the fields of urban morphology. Highlighted are fields central to the thesis.

On a district or neighbourhood level, urban morphologists are more
closely connected to architecture theory and can be roughly separated into
two main types: elemental morphologists (e.g., Conzen, Muratori, Krier,
Talen, Duany, Rådberg, and (early) Moudon) and structure morphologists (e.g., Hillier, Hanson, Vaughn, Marcus, Cervero and (late) Moudon).
Element-morphology has a longer history closely connected to architecture
history, building, and block typology (typo-morphology) and geographical
descriptions (Conzen 2004). Particularly one has been engaged in describing or prescribing how cities have been built and designed, and not primarily in how they actually work (Moudon 1997). Structure-morphology, a
younger field, examines the performance of urban form, connecting to human cognition, social space, urban economy, accessibility, network theory,
and geometrical description, such as in the field of space syntax focusing
on public space configuration (Hillier and Hanson 1984) and in the field
of walkability focusing on public space quality and land use morphology
(Lee and Moudon 2006a), or combinations of the two as done in the “Place
syntax” paper (Ståhle et al. 2005).
As Batty argues, analogous to space syntax researchers such as Hillier,
there are obvious advantages to network and accessibility approaches because
they can cope with the complexity of contemporary city development.
“Because network science is not rooted primarily in [geographic]
Euclidean space but deals as much with topologies such as social
networks, this suggests ways in which our longstanding approach to
cities can be consistently linked to urban economic and social functions”. (Batty 2008a).
Then, “spatial organisation through buildings and built environments becomes one of the principle ways in which culture is made real for us in the
material world, and it is because this is so that buildings can, and normally
do, carry social ideas within their spatial forms” (Hillier 1996, p. 20).
Starting from the thesis’ main research questions on density and densifi-
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cation, Batty’s quest is undoubtedly structure-morphological.
“In terms of size and scale, we do not yet have a clear view of how big
a city is in terms of the density of its activities, the volume of its built
and natural space, and the way in which materials, information, and
people interact to sustain such forms. We cannot have a clear view of
what density means, what energies and costs are incurred by different
urban geometries, and how feasible policies are for increasing compactness and managing sprawl until we have good answers to these
questions” (Batty 2008a).
The thesis thus aims to follow up on these questions with a key focus on the
structure-morphology inspired by space syntax research. Note that Batty
brings up “the volume of its built and natural space” indirectly referring
to the distinction between interior built-up space and exterior open space.
He also address how things “interact to sustain such forms”, which largely
refers to the notion of accessibility. Then Batty has in fact defined the three
fundamental concepts of urban spatial morphology used in the thesis –
built space, open space, and street networks.
Space, place, and spatial morphology
Structure-morphology such as space syntax has mainly been occupied with
space rather than shape, addressing spatial morphology rather than the
‘material’ morphology:
“It is the ordering of space that is the purpose of the building, not the
physical object in itself. The physical object is the means to an end.
In this sense, buildings are not what they seem. They appear to be
physical artefacts, like any other, and to follow the same type of logic.
But this is illusory. Insofar as they are purposeful, buildings are not
just objects, but transformation of space through objects.” (Hillier &
Hanson 1984, p.1)
What do we then mean by space? The field of philosophies on space (and
place) has expanded tremendously over the last decades both in geography
and architecture theory (Hubbard et al. 2004, Hays 2000, Forty 2000) as
well as the concepts have spread to many other disciplines where space is
not a core issue. Philosophically an important thinker on space for the thesis is Henri Lefebvre. In his book The Production of Space ([1974]1991), he
unfolds modern and modernist “abstract space” by pinpointing its fundamental dissimilarity from the “user’s space”. This distinction, which can be
related to Habermas’ system and life world distinction, has often been used
as a postmodern Marxist critique of capitalist urbanization by urban geographers like Harvey, Castells, and Soja, but it does not need to be necessarily so. Lefebvre’s triad of space (lived-perceived-conceived) is exceptionally
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useful for a basic understanding of the users’ space and its representations
and practices. Lefebvre is very clear about this distinction.
“The user’s space is lived – not represented (or conceived). When
compared with the abstract space of the experts (architects, urbanists, planners), the space of everyday activities of users is a concrete
one, which is to say subjective” (Lefebvre 1991, p. 362).
Lefebvre is thus very reluctant and sceptical about any representation of
user’s space. Morphological representations of user’s space have also largely
been refuted in the postmodern discourse, possibly as a reaction to rational modernism. For the same reason, urban morphology has not been
very popular in contemporary urban design theory (Ellin 1996, GUST
2000, Koolhaas et al. 2000, Waldheim 2006), with a few exceptions such
as MVRDV’s (1998) excursions on density limits. Since urban designers
always work with representations and conceptions of space, one has to be a
priori critical to any attempt to reduce user’s space into maps, illustrations,
and drawings. This is not to say it is impossible. On the contrary, it is essential and the very crucial (democratic) problem of urban design, planning
densification, and sprawl. As emphasized by morphologists like Batty and
Hillier, planners and designers need accurate geometrical and morphological representations of the user’s space.
In space syntax research, one has repeatedly shown strong evidence on
the importance of geometric spatial morphology as a cognitive phenomenon for pedestrian movement and occupation in urban settings (the proceedings of Space Syntax Symposia 1997, 1999, 2001, 2003, 2005, 2007;
http://www.spacesyntax.net/symposia). It is intriguing that a representation
of spatial morphology such as the ‘axial map’ can create such a strong model
for pedestrian movement analysis (Hillier et al. 1993). It is a geometric representation of urban space as well as a cognitive phenomenon or perceived
space (in Lefebvre’s terms), such as ‘the axial line’, the convex space’, and ‘the
isovist’, that has made space syntax techniques so influential and successful
in detailed analysis of urban areas, street configurations, and place making
(Hillier & Hansson 1984, Hillier 1996). “The originality of this should not
be underrated, since what happens is that the two fundamental epistemological paradigms of mathematics and phenomenology merge here into a
simple geometric description” and might therefore be called something like
an “anthropocentric geometry“, a concept introduced by Marcus in Ståhle
et al (2005).
The user’s space that is in focus in the thesis is the public outdoor spaces
of the city comprising public open spaces, squares, parks, and green areas, which mainly are spaces for occupation and recreation, and streets and
pathways, which mainly are network spaces for movement that connect both
public open spaces and buildings with each other. This division between
movement space and space for occupation is central in space syntax theory
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Fig. 12. The three basic geometrical elements of space syntax; the axial line, the convex space, the isovist
(from left to right), and the elements put into an open space system (the two diagrams to the right). (Hillier &
Hanson 1984)

(Hillier 1996) where ‘the axial line’, being a topological distance measure of
“changes in direction” or “lines of sight”, is a geometric representation of
movement accessibility space. The axial line integration analysis performed
within space syntax is then a part of what Jiang et al. (1999) calls geometric
accessibility – the proximity between spaces. In transport research, accessibility is usually defined as the relative proximity of one place to other places
(Hansen 1959), what then can be distinguished as geographic accessibility.
When it comes to the notion of density, it is directly related to accessibility since it is movement space that connects things in cities. From the users’
point of view it is really not meaningful to look at performative density
without addressing accessibility. Consequently, the notion of ‘density distributions’ is central to urban economics as well as the study of travel costs,
cost of space, population sizes, and market areas (Batty 2008a). Euclidean
density distributions were investigated by Lee and Moudon (2006a,b) and
showed correlations to walking. However, the distribution of density in urban areas is something investigated in the “Place syntax” paper (Ståhle et
al. 2005), where ordinary Euclidean distance measure was replaced by topological distance in axial line steps in a attraction-accessibility model. The
content of ‘places’ (built space) was population or floor area, where the latter actually is a measure of the amount of private space. This measure also
proved to correlate to urban and suburban pedestrian movement. What is
done here is extending a measure of density by a user related notion of distance (axial lines) to a more user related representation of density in terms
of a spatial morphology.
Public open space as morphology
Thus far, the focus has been on accessibility and public movement space
but, as outlined in the introduction, public open space like squares, parks,
and nature areas need to be defined as a part of spatial morphology and
density. This adds to the amount of useful space in cities. Its particular, value has been described by world wide urban research (Jacobs 1961, Hamar
et al. 1974, Berglund 1996, Gehl 1987, Thompson 2002, Van Herzele & Wiedeman 2003, Grahn & Stigsdotter 2003, COST 2005, Waldheim 2006, Czerniak & Hargreaves 2007, Oh & Jeong 2007). Batty distinguished between
“built and natural space” (2008a). This is a common land division prin-
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Fig. 13. Basic pieces of spatial morphology.

ciple used in landscape ecology (Turner et al. 2001), which also is applied
in the paper “Strategic exurban landscape densification” (Ståhle & Seiler
2008) where the fragmentation of open space is analyzed before and after
landscape densification. When working with a user’s space in denser urban
environments, a more rigid definition is needed based on the social character of space. A natural starting point is Hillier and Hanson’s straightforward
separation of the (private) interior and the (public) exterior (1984 p. 20);
however, we need a more precise distinction of territoriality to decide what
really characterizes public open space.
The word ‘public’ in the thesis addresses the utility of open space, open
space as a public good, in micro economic terms rather than in legal terms.
However, in reality there is no such thing as a “pure public good”, meaning
perfectly non-excludable and non-rivalrous. For example, urban spaces experience “the tragedy of the commons” (Harding 1968) in the forms of territorial conflicts and crowding, which rather defines public open space in
cities such as “common pool resources”, i.e., partly rivalrous (Ostrom 1990).
This has a bearing on densification since it commonly increases crowding
and decreases spaciousness, creating potential territorial conflicts. The
natural consequence of densification is then a need for clarifying territory
to reduce potential conflicts. This can be related the ‘Coase theorem’ in
economics, which suggests that well-defined property rights overcome the
problems of externalities (Coase 1960). In the paper “Exploring ambiterritory” (Ståhle 2007), open space analysis shows that fuzzy territories and
discrepancies between legal territory and goods territory can create ambiguity and uncertainty for the user and also for the open space manager.
Subsequently, it is important to stress ‘the public’ in relation to ‘the
private’ since they address complementary economical and sociological aspects of urban life. In “Exploring ambiterritory” (Ståhle 2007), the
morphological features of public and private territoriality are explored using Simmel’s urban sociology (Simmel 1908), space syntax theory (Hillier
1996), Hall´s proxemics (Hall 1966), and Newman’s defensible space theory
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(Newman 1972) to define non-human actants (Latour 1998) of open space
territoriality. Central to the argument is always user’s space, or in economical terms, use value, which is essential to Lefebvre’s philosophy of space. In
economics, use value is often set against (monetary) exchange value, but
use value can be used by itself. In environmental economics, use value is
divided into direct and indirect use value, where the former refers to the
direct utility of the environment, such as a meeting place and the latter is a
space’s value such as a view from a window so often addressed in modernist
suburban designs (Le Corbusier [1924]1987).
The specific use-values of urban public open space have been examined
by researchers like Gehl (1987), Thiel (1996), and Whyte ([1980]2001), in
Sweden by Grahn (2003) and Berglund (1996), but these researchers have
spent little systematic attention to spatial morphology. In the paper “Sociotope mapping” (Ståhle 2006), public open space is explored as a set of
perceived ‘direct use values’ of public open spaces. Although the sociotope
model is mainly qualitative, aiming to introduce public open space use value to urban planners, it tries to quantify public open space in terms of the
number of use values, uses, or the number of user (interest) groups. When
converted into a geometrical description, in for example the “More green
space in a denser city” paper (Ståhle 2005), this implies that a space is twice
as useful when it has two types of use values, meaning that the amount of
useful space is doubled. This is of course a serious reduction from Lefebvre’s
point of view and would be questioned by many postmodern thinkers, but it
is promising when trying to transform use value to measurable spatial data.
In fact, the sociotope map is in itself part of the postmodern “communicative turn” in planning in the end of 20th century, emphasizing dialogue
with citizens, contrary to rational modernist top-down approaches (Friedman 1997, Healey 1997, Mintzberg 2000). The map is also linked to the phenomenological approaches that emphasize “place” instead of “abstract space”
influencing architecture theory at this time (Tuan [1974]1990, NorbergSchultz 1991). “Place” in the phenomenological sense is normally related to
the concept “existence value” (not direct or indirect use value) used in environmental economics, which emphasizes uniqueness and irreplaceability.
Nevertheless, these user and citizen related concepts were supported by the
fact that many new developments at the end of 20th century was practised in
or in the vicinity of existing settlements, i.e., by densification. It was then natural for planners and planning theorists to start to look at cultural issues and
different forms of user dialogue. Saglie’s thesis, “Density and town planning”
(1998), is characteristic for this ideology studying density from the point of
culturally defined perception and place, quite far from the field of geometric
urban morphology, hence of limited support to the urban designer.
Spatial morphology and urban design
As stated, spatial morphology is the main matter of urban design; therefore,
key tools for the urban designer are ways to measure spatial morphology,
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and in terms of densification, ways to measure spatial density. In practice,
urban designers shape space and have generally little control over population and privately generated activities, especially in a market-oriented society. Isolating morphology – e.g., density, building height, floor area, public
open spaces, street space pattern – is subsequently a pragmatic response to
planning reality today, just as it was during the regularist planning era in
the nineteenth century.
What then is the rationale for urban design? It can be regarded as twofold.
First, it aims to control spatial morphology. Second, it aims to support urban
life. Practically this is a distinction between administrative ‘system’ and userrelated ‘life world’ tools and measurements of urban morphology. First, looking at administrative measurements like Floor Area Ratio it usually estimates
development and maintenance costs and profits. These can be technical such
as building material, or economic, such as the cost of buildings, streets, and
open space, but they can also be social, such as the number and composition
of inhabitants, which affects the need for social service, schools, etc. In terms
of spatial measures, these are based on geographically defined areas. Concrete entities of geographic areas used in urban design and planning include
municipalities, city districts, blocks, plots, and apartments.
Area statistics is obviously similar to Lefebvre’s “abstract space” and in
theory dissimilar to the “user’s space” since citizens, residents, businesses,
an employees do not live in this system of area statistics. To them the urban
environment is a place for every day life where neighbours, markets, interaction, safety, orientation, accessibility, walkability, recreation, etc. is part of
urban life. These things need user-related measurements that can capture
the quality of the environment and the accessibility to attractions (Rudlin
& Falk 1999, Cervero & Kockelman 1997, Lee & Moudon 2006). Accordingly, Saglie (1998) found that area measures of density do not correlate
with people’s experience of density. In terms of spatial morphology, “user’s
space” basically refers to location. Since the user is basically a moving subject, location and accessibility ought to be fundamental in user-related spatial morphology. Since the urban landscape is increasingly fragmented, the
differences between urban, suburban, and rural are becoming more fuzzy
and polycentric, it becomes even more important to look at urban geography as “molecular”, starting from unique locations (Boeri 2000). Therefore,
it is problematic to only study urban structure as a system of homogenous
things or types commonly used in typo-morphology (Alexander et al. 1977,
Rådberg 1988, Duany & Talen 2002, Krier 2003, Haupt 2006, Ranhagen
2008). Rather the urban designer has to examine all strategic locations in
the urban landscape to be user-related.
Furthermore, area measurements 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 totally subjective (Openshaw 1984), hence having a fundamental
administrative system character that first aims to control the geography and
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Measurement Description
Size
Area
Geographic, typo- Area
morphological
(surface,
volume)
Location
Spatial, structure- Accessibility
morphological
(radius,
distance)

Space
Abstract
(conceived)
space
User’s (lived
or perceived)
space

Perspective
World
View
Administrative System
Top-down
(developer,
manager)
User-related
Life-world Bottom-up
(residents,
businesses)

Value
Exchange
value
Use value

Fig. 14. Social, economic, spatial, and scientific distinctions between area and location measures and its representations in urban
morphology.

its content ‘top-down’ rather than analyzing it ‘bottom-up’.
One could describe the fundamental difference between area and location
measures by looking at post-war Berlin. Removing the Berlin wall did not
immediately, theoretically speaking, change the area density of central Berlin; however, it momentarily changed ‘location densities’ by reconnecting the
street system. In one stroke, the new connected street system radically changed
the distribution of space and accessibilities so that, for example, the structure
of rent levels on properties changed in just a few years (Desyllas 2000).
A typical example of the need for separating administrative area measures and user-related location measures is Soja’s critique on “smart growth”
and “sustainability” doctrines in his article “Sprawl is no longer what it used
to be” (2000). Soja, who actually has been one of the fiercest mediators of
Lefebvre and postmodern thought in contemporary urban geography, one
would think, would be promoting the user’s space. Instead he refers to the
USA Today Sprawl Index, which is an area-based density measure, and argues that Los Angeles is not sprawling as much as commonly conceived
among common “smart growth” advocates. But, what do we actually know
about the user’s space of Los Angeles? For example, how does urban design
support the pedestrian accessibility to neighbours and attractions? If this
is not accounted for, the index is fairly useless for understanding how the
urban structure supports the life world of its citizens and issues like “spatial
justice” brought up by Soja as strategic for future urban policy. Soja misses
the target since he uses administrative system measures to debate the life
world, and he is of little help to urban designers, and thereby does not provide help with anything about “spatial injustices” since he does not refer
directly to spatial morphology.
The state of density measurements
What then is urban and spatial density? First of all the concept of density
fundamentally relates to some sort of concentration (The New Encyclopaedia Britannica, vol. 4, 16). High density means high concentration, be it in
physics (concentration of atoms) or in geography (concentration of people).
Concentration of ‘something’ is here understood as some kind of relative
distance between ‘some things’ in space. If the mean distance is low, there
is a high concentration and consequently a high density. The concept of urban density, as it is argued in this thesis, can mean many things, just as, for
example, capital can. The comparison with capital is not so farfetched, since
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urban density can be considered a kind of urban capital. As density, capital
is something that is concentrated, an accumulated capacity. We could then
in urban densities see an addition to Bourdieu’s forms of capital (Bourdieu
1986) as Marcus (2008) does by introducing the concept of ‘spatial capital’.
In the simplest manner, spatial capital is measured by spatial density,
commonly meaning the amount of (accessible) space within an area. Spatial capital and spatial density in this wide sense is thus fundamental to
issues like sprawl, “compact city”, and “smart growth” since it captures a
basic spatial potential for social, cultural, and economic activities in cities
(Marcus 2008). The reason for introducing the notion of spatial capital is
that it pinpoints the value and power of spatial morphology in itself as the
basic material of the urban developer.
What then is the state of contemporary urban density and sprawl measurement research? Recently there has been a lot of development in measuring and quantifying urban morphology and sprawl. There are numerous
sets of competing measures and indices that mix user-related and administrative dimensions, geometric and geographic properties, landscape pattern and transportation analysis (e.g., Cervero & Kockelman 1997, Galster
et al. 2001, Wohlman et al. 2004, Allen 2001, Nasser & Overberg 2001, Talen 2003, Song & Knaap 2004, Lee & Moudon 2006a, Frenkel & Ashkenazi
2008). Many of these indices are useful tools for urban research and the
understanding of sprawl, but from the point of view of the urban designer,
which is important for this thesis, few indices and measures are practically
useful since they often are complex composite indices difficult to translate
in practice as argued by Lee and Moudon (2006a) and for the most part do
not directly address the design of spatial morphology or geometry on the
district (or neighbourhood) scale.
Talen (2003) appropriately remarks that “new measurement approaches
are needed in order to improve communication [about urban design and
smart growth]”. She also confirms that “many involved in planning and design of cities have come to distrust quantitative approaches […] Related
to this, the indeterminacy of the urban physical realm tends to foster unnecessary debate. This is particularly the case with the phenomenon of the
‘suburb’.” She concludes straightforwardly, “The debate about the value of
suburban development [and on smart growth] should focus on urban form
in its particular dimensions, not on vague ideas that boils down to misspecification about the meaning of ‘suburban’. […] better measurement is
needed to demystify certain aspects of the physical city.” She ends up basically addressing the major research questions for this thesis: “For example,
we should be able to answer the questions: Are public spaces located accessible? Where are they located? What surrounds them? How many people
can they accommodate? What does one have to cross to get to them?” These
questions are intriguing and clearly user-related and central to the thesis.
However, looking at Talen’s own suggested measurements, some are
clearly area-based and administrative. Her suggested “spatial” measures are
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also full of vague social entities such as “retail” and “population” (Talen
2003). When it comes to public open space, it is regarded, as in so many
other morphological indices, as an amenity of any sort, not as physical
space that constitutes urban geometry, but as any public good, like retail.
An intriguing thing is that there is no density measure whatsoever that is
“smart growth research”. Nevertheless, Talen addresses smart growth research in the “Transect” paper (Duany & Talen 2002), which basically defines typo-morphological classes of area densities. Talen’s initial critique,
which is precise and promising, is thus partly compromised by her own
suggested measurements.
Moudon et al have been especially concerned with the applicability of
morphological measures in urban design and policies (Lee & Moudon
2006, Moudon et al. 2006, Hess et al. 1999, Hess et al. 2001). Lee and Moudon (2006) tested over 900 simple measures of urban form. However, they
face similar problems like Talen when they state that “physical environment
contributed significantly to explain the probability of walking” but emphasize land uses like “food and daily retail facilities”. Nevertheless, Moudon et
al. (2006) stress quite a few simple geometrical measures such as block size,
sidewalk length. and spatial density as operative tools for physical urban
design creating walkability. A surprising result in the context of this thesis
is that they found no association between walking and “recreational land
uses” (parks), and hence “the findings generally did not support the planning theories of the early part of the 20th century which placed schools,
community centers, and open space at the heart of the community, but concurred with contemporary theories” (Moudon et al. 2006, p. 112). That is,
it corresponds to New urbanist design ideologies that generally conceive
large public green areas as peripheral (CNU 2000, Duany et al. 2000). Commonly ‘New urbanism’ is associated with the planning theories of the early
part of the 20th century like those of Ebenezer Howard and Raymond Unwin, but as here noted no one has recognized their park planning theories,
but rather acknowledged the modernist theories from the late 20th century
that put parks on the fringe of neighbourhoods.
My findings contradict Moudon and New urbanist ideologies. Public
green areas that are integrated into the spatial morphology, like in regularist grid morphologies, are more frequently used as part of everyday movement, but also perceived as more accessible, contrary to late modernist districts with fringe green (Ståhle 2005). In fact, it seems very unlikely that
urban parks such as Central park in New York, Hyde Park in London, and
Humlegården in Stockholm, deter walking. On the contrary, these urban
open spaces seem to increase walkability, particularly in dense urban settings. This would also imply that they do not, as commonly recognized and
measured, decrease density but rather increase compactness because they
add to the amount of useful urban space. Accordingly, Moudon et al. (2006,
p. 112) and Talen (2003) suggest the need to more thoroughly examine the
importance of open space in creating walkability and sustainable urbanism,
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a research challenge that is taken up in this thesis. This research in spatial
morphology, however, is not applicable if it does not distinguish between
area and location measures.
Area density: the administrative perspective
The most basic and widespread spatial density measure used in urban morphology, planning, and design is the Floor Area Ratio (FAR). It is commonly defined as the total floor area of buildings on a certain site (plot area)
divided by the size of the land of that area (plot).
FAR = Floor area / Site area
Most often, FAR is used to describe plots and blocks, but larger districts
have also been described. It is evident that this measure is very useful for
estimating technical and economical aspects or development and design
such as the number of apartments and building construction projects as
well as the development economy and maintenance costs. Significant researchers on this measurement include Hoenig (1928), Rådberg (1998),
Duany and Talen (2002), Conzen (2002) and Haupt (2006). There are also
some practising architects that have documented their use of FAR; these include Duany (2002) and MVRDV (1998). FAR can be related to population
density because these two variables tend to correlate. However, this is only
true in a specific point of time. The amount of square meters per person has
actually increased in the last decades, at least in western European cities
(Stadsmiljörådet 1995, Saglie 1998 p. 153). The share of built space (SBS) in
an area is often related to FAR describing the relations to number of floors
(See figure below).
SBS = Building footprint / Site area
The reverse of SBS is basically the Share of Open Space (SOS) even though
the usefulness of open space can differ. At city district level, it is common to
identify the Share of Public Open Space (SPOS).
S(P)OS = (Public) Open space / Site area
The Open Space Ratio (OSR) was introduced by Hoenig in the 1920s as a
measure of ‘spaciousness’ (Hoenig 1929). It became very influential to modernist urban design. It is defined as the total open space area on a certain
area (plot) divided by the total floor area of buildings of that area (plot).
OSR = Open space / Floor area
This measure was very important for modernist urban design as it was used
to support the development of slabs and point buildings in open green space.
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Fig. 15. A standard FAR-SBS diagram, showing the relation between FAR (FSI), SBS (GSI), number of floors
(L) and OSR in an administrative area or site (Haupt 2006, p 58). What is indicated in the diagram is that
“urbanism” means low OSR, which is questioned in this thesis.

Because it has life world connotations, it was in reality a powerful administrative tool to generate open space. In New York City’s zoning regulations, it
is still used for creating open space (NYC 2008). As an administrative tool,
OSR can also be used to estimate the cost of open space maintenance.
As seen in the figure above, it is commonly claimed that these area-measures capture things like “rural” and “urban” (Haupt 2006, p 58), which
are clearly user-related notions on how landscapes are lived and perceived.
This becomes absurd when thinking of Manhattan, where basically every
location is highly urban independent on singular building height and plot
density. Similarly, a skyscraper in the countryside can never be or perform
“urban” all alone. Hence these notions call for location-based density measures.
Location density: the user perspective
From a spatial structure-morphological perspective, every location is a
result of its accessibilities. Hillier says, “Places do not make cities. It is cities that make places” (1996 p. 151). Within accessibility research, which
principally originates from transport research, there is an ongoing development of more people-based measures of accessibility, complementary
to the more conventional place-based measures (Kwan et al., 2003, Miller
& Wentz, 2003, Miller 2007). Even though these measures often focus on
other modes of transport than pedestrian, the typology for accessibility
presented by Miller (2007) is very useful for structure-morphology. Placebased measures basically focus on the spatial separation between key locations. Major types include distance, topological, and attraction-accessibility,
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Fig. 16. Example of shortest straight-line distance (thin dotted=240 meter), walking distance (thick
dotted=345 meter), and axial distance (continuous=5 axial line steps or 5 ‘changes in direction’) from a
residential address (A) to a school address (B) in central Stockholm.

which in the thesis are used to define location-based measures of density
and densification.
Distance analysis
Distance measures view accessibility as exclusively a function of the spatial

Ai = ∑ f (d ij )
j

separation between two places. Assuming that overcoming physical separation is onerous to individuals, greater separation implies lower accessibility
(Miller 2007). This simply means that the accessibility in location i equals
where dij is the distance from location i to location j. In urban planning and
design, this measure is most used when it comes to analysis of the proximity to things like public transport stations, retail centres, or green areas.
The distance measures used in the thesis are straight-line distance (airline or
as-the-crow-flies), (true) walking distance (in the pedestrian network) and
(directional) axial line step distance. The first two are Euclidean measures in
meters (Lee and Moudon 2006a) and the latter is measured in topological
steps in an axial line network, or simply put it measures the distance of the
number of ‘changes of directions’ (Hillier 2003).
The argument for the axial line can be made that if we make a straight
line (or a street) crooked, “we do not add significantly to the energy effort
required to move along it, but we do add greatly to the informational effort required”. More simply put, “[f]rom an experiential point of view, cities
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seem to be about seeing and going” (Hillier 2003). Consequently, the axial
line can be regarded as a kind of people-based distance measure because
it is actually putting “data about a person’s cognitive environment into the
analytical framework”, which is claimed to be one of the major deficiencies
in contemporary accessibility research (Kwan, 2000).
Topological analysis
Topological accessibility measures examine the degree and pattern of connectivity of nodes within a network, often used in public transport modelling (Miller 2007). Topologically space syntax, and “axial line integration”
in particular, has been regarded as “a special case of [topological] accessibility
within graphs” (Batty 2004). This has also been referred to as geometric accessibility in Jiang et al. (1999). As proclaimed in the article “Natural movement” (Hillier et al. 1993), axial line integration stresses spatial configuration rather than attractions and Euclidean distance (in meters) for producing and distributing pedestrian movement in cities (Hillier & Iiida 2005).
The axial line integration analysis in the location i can be expressed as

!

where Skl is the overall step distance in the axial line graph, described by Jiang et al. (1999) and further discussed in the Place syntax paper (Stahle et al.
2008). Axial line integration or any axial line accessibility measure can in fact
be useful in estimating location density because it captures “the proportion of
[pedestrian] movement that is determined by the configuration of space itself,
rather than by the presence of specific attractors or magnets [or density]” (Hillier
et al. 1993). At least this is true in organically developed urban settings such
as the city centres of most European cities where population densities and
attractions are quite evenly distributed leading to a “multiplier effect”. Where
this is not the case, as for example in large parts of the sprawled suburbia,
attraction-accessibility measures are needed (Ratti 2004, Ståhle et al. 2005).
Attraction-accessibility analysis
A problem shared by both distance and topological measures is that both

!
treat destinations as equivalent. In reality, destinations differ with respect to
characteristics that influence their attractiveness. In general terms, attraction-accessibility is usually defined as
where Wj is an index of the attraction of j and dij is a measure of impedance, typically the distance, Euclidean or topological, between i to j (Hansen
1959). A basic location density measure would be floor area accessibility, i.e.,
putting the floor area of all j in Wj and the range (radius) of individuals in
dij. This could also be called location FAR since the radius is the same for all
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j and it is not needed to divide floor area with a factor of “plot area”. Location
FAR has strong relation to population accessibility, which is a fundamental
measure of socio-economic potential and potential movement (Ståhle et
al. 2005). It could also be used for estimating market areas or basic level
of service. Depending on the mode of transport, it is then important what
peoples’ range is, which is then again dependent on the distance unit.
Using straight-line distance, it is simply the sum of floor area within a
buffer of a certain radius in vector-based GIS or within the radius of certain pixels in raster-based GIS, neighbourhood analysis. Buffer analysis of
location density were used in the papers “Place syntax” (Ståhle et al. 2005),
“More green space in a denser city” (Ståhle 2008), and neighbourhood
analysis in “Green metropolitan growth” (Ståhle & Caballero 2008). Since
straight-line distance is not sensitive to street morphology and human
cognition, it is a rudimentary base for peoples’ accessibility. Oh and Jeong
(2007) have shown that there can be major differences when measuring
public open space accessibility by straight-line and walking distance. Naturally, actual walking distance ought to be more true to people’s capabilities to get to attractions. Therefore, location FAR can also be calculated by
walking distance based on pedestrian range. If we are to take space syntax
research findings seriously, we have to accept that axial line distance measurement is also fundamental in urban pedestrian travel. Consequently, the
“Place syntax” paper develops an attraction-accessibility measure based on
axial line step distance that proves to correlate with levels of walking in
suburbia (Ståhle et al. 2005). This measure is nothing other than a location
density measure, a Location FAR, based on axial line distance.
Basically all area density measures can be translated to location densities. A thesis study from Columbia University shows that the area OSR on
Lower Manhattan, based on both privately and public owned public open
space, is surprisingly satisfying given high density in the area; however, it
correctly states that “these [area]numbers do not consider the location, use
and allocation” (Pena 2002) hence they suffer from The Modifiable Area
Unit Problem. Location OSR could be defined as public open space-accessibility divided by floor area accessibility. Taken Hoenig’s original notion
of (area) OSR, location OSR would at least theoretically speaking, be a
more accurate measure of spaciousness and potential crowding because it
is integrating accessibility. What is suggested in the thesis and in the paper
“Compact sprawl experiments” (Ståhle 2008) is that location OSR, calculating qualitative public open space and distance by axial line steps, would
be a way of measuring urban spaciousness on district level as a basic spatial driving force of sprawl. This measure could help pinpoint limits of potential congestion in public open space, i.e., when certain segments of the
population, e.g., families with children, choose more spacious settlements
in sprawled suburbia.
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A new measure of spatial compactness
What then is a “compact city” so often referred to as the antidote to sprawl?
(Jencks et al. 1996, Duany et al. 2000). The word ‘compact’ has been explicit
in contemporary postmodern high-tech society, from small practical gadgets as the “compact camera” to actual life space as in the concept of “compact living”. Compactness evidently addresses the human driving force of
intensifying life qualities, multiplying use value in space and time, having
more of everything good and useful accessible, which is, of course, a prime
goal in urban design. Compact clearly relates to adjectives like combined,
composed, composite, and complex.
Definition and formula
In the Oxford English Dictionary “compact” is defined as “1) closely and
neatly packed together; dense” and “2) having all the necessary components
or features neatly fitted into a small space”. The first definition assesses density and the second multifunctional space. The intriguing thing with the
concept of spatial compactness is that it addresses both these aspects simultaneously. Compact urbanization, unlike sprawl, would then mean urban
space ‘closely and neatly packed together’ and urban ‘components or features neatly fitted into a small space’. If we consider (public) open space as
useful urban space and a necessary component of urbanity, then we have to
integrate it into a measure of spatial compactness, lifting compactness not
decreasing it as when only using Floor Area Ratio as density measure.
What is then suggested in the thesis, complementary to measures like
the FAR and the OSR, is a Spatial Compactness Ratio (SCR). The suggested
formula for this measure is simply the product of floor area and open space
each divided with the size of the site in terms of area measure.
Area SCR = (Floor area X Open space) / (Site area)2 = OSR X FAR2
Location SCR = Accessible open space X Accessible floor area
In terms of a location density measure, by attraction-accessibility analysis,
Location SCR means simply to multiply (public) open space-accessibility and
floor area accessibility for a (or a set of) specific location(s). The SCR, which
we have not seen in any previous contemporary urban morphology literature,
means that spatial compactness is dependent on both floor space and (public)
open space. Compactness will be high if both entities are high, but multiplication ensures that one of them cannot go too low, that they are not completely
interchangeable, as they would be in, for example, simple addition. Multiplication ensures that we have to have both when creating compactness. As
shown in the diagrams above, levels of compactness represent levels of spatial superimposition by floor area and open space, which was exactly what
Haussmann and Olmstedt, by integrating parks and boulevards in the city,
and Le Corbusier, by promoting “La Ville Verte”, was aiming to do. In many
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Fig. 17. Levels of SCR in the FAR/SBS-diagram (left), and in the FAR/SOS-diagram (right).

Fig. 18. The hypothetical relation between location compactness and the share of residents or residential
space in an area (left), and between location spaciousness and the share of residents or residential space in
an area (right) at urban district level.

contemporary urban designs, offices like BIG from Denmark and MVRDV
from Netherlands, an aim is to reach to the upper left corner in the left
diagram or the upper right corner in the right diagram above. At the urban
district or regional scale, the diagrams work similarly in terms of public
open space and Location SCR.
The theory behind SCR is then as follows. Basically SCR could be a spatial indicator of urban attractiveness and diversity on block, district, and
regional level. The initial hypothesis is that the higher compactness (ceteris
paribus) the greater potential mix of land uses or population, particularly
of residents (that have high public open space demand) and businesses
(that have high costumer demand). The SCR could also be used to identify
the duality of sprawl – first the common notion as ‘single use, low density,
spread out’, but also its reverse, which is the very dense downtown CBDs
with no residents or quality public open space. The SCR is plainly set to
find ‘successful’ spatial combinations of (public) outdoor space and (private) indoor space.
Block level compactness
What are then the evidences for this theory? First, let us look at block level.
Rådberg and Friberg (1995) have done a thorough typo-morphological study
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Fig. 19. Block classes by symbols 1) Low open, 2) Low dense, 3) Medium high open, 4) Pre-industrial town enclosed, 5) High open,
6) Small town enclosed, 7) Big city enclosed, in FAR/SBS-diagram and sorted by FAR.

Fig. 20 Block classes by SCR (left) and the block sample in a FAR/SCR-diagram.

of Swedish block types and classes. Taking the sample of 131 characteristic
Swedish blocks that they used in their study and sorting them by class, they
follow distinct grouping by FAR and SBS. Some classes share FAR, e.g., “High
open” modernist blocks (no. 5) and “Small town enclosed” blocks (no. 6).
If we plot the sample by SCR, then the classes tend to separate so that every
class is almost defined by a distinct range in SCR (see left diagram below).
When sorting by OSR or SOS, the patterns are not explanatory in this sense.
What is happening is illustrated when looking at the relation between FAR
and SCR (see right diagram below). SCR tends to separate blocks at higher
FAR since a small change in open space (i.e., building footprint) will have a
great impact on SCR when there is a lot of floor area. This is interesting to
a certain point; in an extreme FAR in such places as Manhattan only a very
small open space will be needed to uphold high SCR. Hence SCR at block
level is probably most interesting at medium-high densities (FAR=0.5-3)
and consequently when densifying low-density settlements to a certain
point. At very high FAR (>2), OSR is needed to support attractiveness and
spaciousness, as it is actually done in Manhattan today (NYC 2008).
District level compactness
Second, let us look at SCR on the city district (neighbourhood) level. Here
SCR can be calculated with two types of open space; unbuilt space (includ-
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Fig. 21. (Left) City
districts in Stockholm
City by FAR (left) and by
Public SCR (right) by area
density measure.

Fig. 22. (Below) City
districts in Stockholm
City in a FAR/SCRdiagram and FAR/Public
SCR-diagram. Public
SCR meaning Public
open space X Floor area/
District area2. These are
area density analyses.

ing open spaces, traffic spaces etc) and public open space (including nature
areas, parks, squares etc). The two measures are here referred to as SCR
and Public SCR. As seen in the diagram below, SCR for the 132 districts in
Stockholm City is similar to the block level pattern; however, public SCR
shows a more complex picture, which can be understood by the maps below
showing FAR and Public SCR at district level.
Districts that tend to rise in Public SCR compared to FAR are those with
a highly integrated public green structure, i.e., areas that have been subjected to systematic park planning. In Stockholm, these are garden city areas (e.g., Bromma) and modernist housing areas, especially from the 19301940s (e.g., Björkhagen). Areas where Public SCR is unchanged compared
to FAR are early low density villa areas (e.g., Spånga) and high density inner
city districts with some park structure (e.g., Östermalm). The only areas
that in fact decrease in relative Public SCR are the high density CBDs (e.g.,
Klara) and industrial areas (e.g., Västberga) that principally lack public
open space. This implies two things: SCR is simply characterizing urban
design strategies and indicates the outcome such as land use mix.
As shown in the left diagram above, the hypothetical relation between
compactness and share of residents as a simple measure of potential ‘land
use’ mix is essentially correct at city district level in Stockholm. In other
words, that ‘sprawl’, in terms of low compact areas, tend to be single-use.
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Fig. 23. The relation between share of residents and Public SCR (left) and Public OSR (right) in city districts of Stockholm City
(municipality).

When it comes to spaciousness (Public OSR), the right diagram shows that
working areas are generally low on OSR, but residential areas have a wider
range in OSR, although with a lower limit, which somewhat confirms the
hypothesis that that low public open space repels residents. Note that these
results are measured only by area and not location (attraction accessibility)
and thereby suffers from The Modifiable Area Unit Problem.
It has also to be noted that there is a time dimension in urban systems
that affect the experience and performance of compactness and spaciousness. Until now, FAR, SCR, and OSR have been calculated by summing the
residential and non-residential floor area; however, residents and workers
have different hours and use the public space at different times. This means
that a mixed environment probably has a dissemination of public open
space use over the day that would increase spaciousness and lower the risk
for crowding compared to its density in total floor area. This could explain
why there is relatively little public open space (5-15%) in European and
American city centres still popular among residents. How does a mix of
floor areas affect compactness? As said, the amount of accessible people and
the presence in public space is evened out by a mix, but what is the effect
on urban attractors like shops, markets, cafés, and restaurants? Generally,
market size in terms of the amount of potential customers should not be decreased; rather the time that people are exposed to potential markets would
support a more sustainable local economy, and the diversity of customers
would support a diversity of markets. At least this is something claimed by
urbanists like Jane Jacobs (1961).
Region level compactness
Third, let us now look if SCR is applicable at regional level. As we go up
in area scale, FAR decreases due to larger portion of unbuilt space. In this
analysis done for the Stockholm county region, which is part of paper
“Greening metropolitan growth” (Ståhle & Caballero 2008), public open
space is represented by nature recreation areas (including water areas), i.e.,
a quite exclusive but influential form of urban open space. As the city of
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Fig. 24. Accessible density (Location FAR) by 1000 meter buffer (left), and Location SCR (right) for the central part of Stockholm county region, its municipalities and sub-districts of Stockholm municipality.
Fig. 25. Land use mix
in terms of the share of
residential space (dark
grey=0-25%, black=2575%, light grey=75100%).

Stockholm is famous for its natural setting, SCR and OSR are consequently
quite high even in the inner city. It is also in the city centre where the land
use mix is the highest.
The share of built-up areas that have 25-75% residential space, i.e., that
are somewhat mixed, correlates very well with Location SCR (R2=0.729,
p<0.001). Even though parks, squares, and smaller public open spaces are
not accounted for in the pattern, they at least indicate that the integration
of nature does not necessarily contradict an urban quality like land use mix.
The results for Stockholm seem rather to be the opposite. This could be
because high income groups tend to follow Location SCR in denser parts of
the county (Ståhle & Caballero 2008). This coincides with the impression of
high compact and highly mixed urban cores such as Manhattan, London,
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and Paris city centres.
To conclude, the SCR seems useful in characterizing denser urban environments, thus in densification of existing low-density (suburban) settlements, i.e., when compacting sprawl. As said, OSR seems particularly useful
in regulating very high densities. In fact, often relative change is much more
interesting than absolute change and measures of density and perception
differ in various urban settings and cultures. Furthermore, a prime goal in
urban design and densification is to examine whether the spatial structure
of public space and floor space is flattening out or becoming more interwoven. Because physical spatial structure constitutes social and economic life
in such a sustainable way, it is of fundamental importance for a city’s resilience that urban development moves towards complexity and compactness. There is no final picture, vision, or doctrine that can be fulfilled. The
measures presented allow us to look at the city as a spatial system of change
rather than a finished work of art.
Scenario techniques for urban design
Urban design as a practice consists of generating ideas for future changes in urban form and evaluating the possible outcome of those ideas. It is
an oscillation between generative theory and analytic theory (Ellin 1996,
Hillier 1996, Marcus 2000). Research in urban morphology focuses on the
latter, developing tools for morphological analysis that can support the design process. Since urban conditions are not always clear and the future
is uncertain and the production of design ideas can be arbitrary, the design process often turns out as alternatives or sketches with different sets of
goals or emphasises. In urban land-use planning, scenario techniques have
been used for decades to systematically test alternative futures. These are
commonly described as “composed images of an area’s land-use patterns
that would result from particular land-use plans, policies, and regulations
if they were actually adopted and implemented at a certain point of time”
(Xiang & Clarke 2003).
Since urban planning and design is not in full charge of urban development, it is difficult to make accurate predictions of designs, plans, policies,
and regulations. Thus it is useful to look at scenarios to explore possible,
probable, and preferable futures (Börjesson et al. 2006). Conventionally, urban design and urban morphology have stressed the ‘preferable’ in terms of
different utopian schemes (e.g., Le Corbusier 1924) and typologies (e.g., Alexander et al. 1977, Duany & Talen 2002). Börjesson et al. (2006) call these
normative scenarios. Regional planning and transport research have on the
other hand conventionally emphasized the predictive scenarios forecasting
traffic flows or testing what-if new roads are introduced.
What seems to be largely absent in urban planning, design practice,
and urban morphology research is the examination of what Börjesson et
al. call explorative scenarios, scenarios that answer the question “What can
happen”? Two types can be distinguished: external scenarios and strategic
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scenarios. External scenarios respond to the question - What can happen
to the development of external factors? Strategic scenarios respond to the
question - What can happen if we act in a certain way? In the three scenario
papers in the thesis primarily strategic scenario techniques are used.
“Strategic scenarios incorporate policy measures at the hand of the
intended scenario user to cope with the issue at stake. The aim of
strategic scenarios is to describe a range of possible consequences
of strategic decisions. Strategic scenarios focus on internal factors
(i.e., factors it can possibly affect), and take external aspects into account. They describe how the consequences of a decision can vary
depending on which future development unfolds. In these scenarios,
the goals are not absolute but target variables are defined. Different
policies are typically tested [e.g., urban design alternatives or different hosing regulations] and their impact on the target variables [e.g.,
different density measures] is studied. The strategic scenarios are not
only relevant to decision makers, they are also useful as inspiration
for interested parties, such as policy analysts or research groups.”
(Börjesson et al. 2006, p. 728).
Futures studies have been called a ‘very fuzzy multi-field’ (Marien 2002),
which also can be said for urban design and urban morphology. What is absolutely certain is that the main material for an urban designer is the physical urban structure; hence research on spatial morphology can help the designer make strategic decisions in the design process. Scenario techniques,
whether they investigate probable, possible, and preferable urban futures,
are useful for designers when they help to connect generative design theory
and analytical knowledge on morphology. This is what is investigated in the
thesis’ last three papers. Without the experience and measures developed in
the thesis’ first four papers the scenarios would not be as informative.
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The papers in the thesis comprehend bits and pieces in the investigation of
the research questions stated, from pure measurement research to basic exploration of urban, suburban and exurban space. The common denominator
for the empirical studies is the search for contradiction and inconsistency in
the common experience of urban density and densification in research and
in the public debate because it is only by critical investigation and falsification that new knowledge and credible theories can be constructed.
Cases of contradiction in urban density
In logic, a contradiction consists of a logical incompatibility between two
or more propositions. It occurs when the propositions, taken together,
yield two conclusions that form the logical inversions of each other. One
can speak of contradictions between actions when one presumes that their
motives contradict each other. In dialectical materialism contradiction, as
derived by Marx from Hegelianism, usually refers to an opposition of social
forces. Liberal thinkers may interpret the problem of public goods as a contradiction in that conflict arises between what benefits society (such as the
production of a public good) and what benefits individual free riders who
refuse to pay the costs of the public good. This provides another interpretation of the Hegelian contradiction.
Concerning urban densification, there are many potential contradictions, some of them investigated in this thesis. The cases presented are clearly
Hegelian. They derive from classic conflicts such as user vs. planner, quality
vs. quantity, and user’s space vs. abstract space. The contradictions discussed
are highly debated issues within the research field of urban morphology and
urban theory, but also in public urban debate, here said to be strategic for future urban planning, design, and development. The thesis’ first four papers
investigate the following contradictions in urban densification.
I. First, densification means higher concentration of built mass and people
on the earth’s surface. Whether this means a higher concentration of
people in public space, that pedestrians are more accessible to each other, is explored in the paper “Place syntax” (Ståhle et al 2008).
II. Second, densification is not only physical space, it is something qualitative that is made of different use values. Hence a space can be more useful, attracting a diversity of people, even if it is smaller in size. Mapping
open space use values is investigated in the paper “Sociotope mapping”
(Ståhle 2006).
III. Third, densification most often means increased open space use, which
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naturally leads to an increase of potential conflicting territorial interests.
The reduction of vague user and legal territories can, however, increase
useful space. This is investigated in the paper “Exploring ambiterritory”
(Ståhle 2007).
IV. Fourth, densification means by definition a decrease of open (green)
space. Whether less open space means low accessibility is, however, not
evident. User questionnaires and GIS-analyses show that the opposite is
possible in the paper “More green space in a denser city” (Ståhle 2008).
In the thesis’ last three papers, scenario techniques are used to analyze possible future urban densification, using the findings and measures developed
in the former papers. Different measures are used in different scenarios
because of scale. All scenario studies have been defined together with the
public planning authorities in dialogue with planners. The scenario papers
investigate three scales in sprawled landscapes that all have a high demand
for densification and development.
V. The municipal scale of exurban Kungälv, close to the metropolitan area
of Gothenburg. Two different levels of development and two different
location strategies of houses, based on the municipalities’ policies, are
modelled and analysed with different accessibility and landscape fragmentation measures. This is described in the paper “Strategic exurban
landscape densification” (Ståhle & Seiler 2008).
VI. The metropolitan scale of Stockholm county region. Two predictive urban development scenarios for the whole metropolitan region, modelled
by the Regional Planning Authority, are analysed with different density
and open space measures. This is described in the paper “Greening metropolitan growth” (Ståhle & Caballero 2008).
VII. The district scale of Stockholm suburbs. Four strategic densification
scenarios discussed with the Stockholm City Planning Administration
are applied to two modernist suburbs, one in the inner suburban ring
and the other in the outer fringe. This is described in the paper “Compact sprawl experiments” (Ståhle & Marcus 2008).
The first four papers concentrate on descriptive theoretical models that are
grounded on empirical data from existing environments. The last three papers
try to look into the future by looking at possible scenarios and analyze their
outcomes using the models and then discuss generative urban design theory.
Fields of landscape and pieces of morphology
The thesis comprehends almost all landscape types, from rural to highly
urban, although the main focus is on the suburban context since it is here
we are likely to see the biggest changes in spatial morphology and the greatest future challenges for urban planners and designers. It has been rightly
claimed that the borders between the urban and the suburban are rubbed
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Fig. 26. Fields of landscape emphasized in different papers.

out. Yet, when looking at the contemporary landscape, it is obvious that
some areas are more urbanized than others. One could claim that it is still
meaningful to use these concepts when navigating in cities although metropolitan regions can consist of arbitrary fields of low density and multiple
cores of spatial agglomerations. In fact, a central aim for the thesis is to
examine more thoroughly urban gradients using precise measures and scenarios of spatial morphology.
When looking particularly at more urban settings, the papers examine
different pieces spatial morphology, creating links of knowledge. For example, paper IV depends on the Place syntax model developed in paper I and
the Sociotope model developed in paper II. Paper VII depends is related to
almost all other papers.
All papers are intertwined in terms of theory and methods with strong
emphasis on urban morphology as the fundamental field of science. Architecture theory, landscape ecology, and transportation research is present in
urban morphology, but also in walkability studies and space syntax theory. Especially space syntax, that has its roots in configurative architecture
theory, is particularly important to the measures and models developed in
many papers.
The borders between scientific fields are in reality vague because the
study of landscapes and cities is as said a “fuzzy multi-field”. Spatial morphology is a then distinct and strategic field of research that needs to be further developed as its own body of science in order to firmly support the un-
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Paper Public open space
I
II
III
IV
V
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VII

X
X
X
X
X

Private open space Built-up floor space
X
X

X

Street and pathway Landscape pattern
network
X
X

X
X

X

X
X

Fig. 26. Pieces of spatial morphology emphasized in different papers.

Paper Landscape ecology Transport research
I
II
III
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VII

X

X
X

Urban morphology Walkability Space syntax Planning
theory
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

Fig. 27. Scientific fields emphasized in different papers.

derstanding of cites, its economical, social, and environmental processes.
I. Place syntax
Ståhle, A, Marcus, L, Karlström, A, & Koch, D 2008, ‘Place Syntax: Geographic attraction-accessibility with axial lines’, Manuscript, 3rd submission to Environment and Planning B.
Earlier version:
Ståhle, A, Marcus, L, & Karlström, A 2005, ‘Place Syntax: Geographic accessibility with axial lines in GIS’, Proceedings in 5th Space Syntax Symposium,
Delft
Conventional accessibility and space syntax research face an almost symmetrical problem when it comes to analysing and predicting urban pedestrian movement. In this paper, we explore a possibility to combine the space
syntax description of the cognitive environment, i.e., topological axial line
distance, with conventional descriptions of attraction into a combined accessibility analysis model that we call ‘place syntax’. The model is empirically
tested with observed pedestrian movement in two areas in Stockholm: the
‘premodernist grid morphology’ Södermalm and the ‘modernist tree-like
morphology’ Högdalen with more uneven densities and building locations.
We conclude that the proposed place syntax model, when calculating axial
line accessibility to population or floor area, predicts pedestrian movement
at the same high level as conventional axial line integration analysis in the
case of Södermalm, but considerably better in the case of Högdalen. Compared to ordinary accessibility analysis by straight line or walking distance
to population density axial, line accessibility is better in both cases. Based
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on these findings combined with the theoretical investigations, we believe
that the place syntax approach has a great potential for detailed spatial
analysis and accessibility research at large and for practical applications in
urban planning and design.
Keywords: accessibility analysis, space syntax, pedestrian movement,
cognitive environment, urban density
II. Sociotop mapping
Ståhle, A, 2006, ‘Sociotope mapping: exploring public open space and its
multiple use values in urban and landscape planning practice’, Nordic Journal of Architectural Research, vol. 19, no. 4, pp. 59-71.
This paper describes the theoretical body of a new urban planning tool
called the “sociotope map” (sociotopkarta) developed within the planning
practice of the Stockholm City Urban Planning Administration. Since the
postmodern communicative turn in urban and landscape planning, dominated by densification and sprawl, there has been a great demand for a more
efficient connection between the system of planners and the life world of
citizens, starting from the users’ space and perspective, not the planners’.
In Lefebvre’s terms the sociotope map represents the users’ perceived space.
The key Marxist concept here is use value, or more accurately in environmental economic terms, direct use value. The Stockholm sociotope map is
consequently a map of the commonly perceived direct open use values of
specific open space of the citizens of Stockholm. The map emphasizes that
people share use values but that every open space has a unique set of values. Its representation of diversity of place (topos) is maybe just at the level
of reduction that makes the map true enough for the citizens and at the
same time useful for the planners. This can explain its recent recognition
in Stockholm and other fast growing municipalities in Sweden, e.g., Gothenburg (2004-2007) and Uppsala (2006). However, more experience and
research still remain to completely understand this tool. The recent attention can only be explained by the fact that there is a true demand. A society
that is turning increasingly postmodern, globalized, and individualized can
hardly plan, develop, or grow without knowledge of the common use values
of urban public open space.
Keywords: urban planning, landscape planning, architecture theory,
public open space, direct use value
III. Exploring ambiterritory
Ståhle, A, 2007, ’Exploring ambiterritory: No-man’s-land in post-war morphologies, confusing users and complicating maintenance’, Proceedings in 6
th. Space Syntax Symposium, Istanbul, 12-15 June.
With inspiration from space syntax theory, this paper develops new tools
for analyzing territorial phenomenon in urban open space, particularly
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when territories are contradictory or blurred. This state is called ‘ambiterritory’ (or ‘no-man’s-land’). A theoretical framework defines two types
ambiterritory. Goods ambiterritory (Type A) are the mismatch of lived and
perceived space in terms of the divergence of private and public territorialities defined by intervisibility and use. Territorial human actants are translated into material non-human actants in space and create disturbed public
ambiterritory (A1) and disturbed private ambiterritory (A2). Legal ambiterritory (Type B) appears when user space and property do not match. This
creates public pseudo-property (B1) and private pseudo-property (B2). A
GIS-study was applied to the framework in ten city districts in Stockholm.
The results are clear and unambiguous. Post war modernist areas and infills create extensive ambiterritory. In the modernist areas, 4-8% of open
space (A1), 7-12% of public property (B1), or 14-15% of private property
is lost to ambiterritory. These findings were confirmed by interviews with
experienced professionals in public open space management. Hence no one
uses ambiterritories, left by management, creating an uncertain void that
makes it costly for society. The framework presented in this paper must
be considered as an initial theoretical sketch, a starting point for further
research.
Keywords: territoriality, public space, private property, urban design,
urban management
IV. More green space in a denser city
Ståhle, A., 2008, ‘More green space in a denser city: Critical relations between user experience and urban form’, Manuscript, submitted to Urban
Design International
Earlier versions:
Ståhle, A, 2005. ’Mer park i tätare stad: Teoretiska och empiriska undersökningar av. stadsplaneringens mått på friytetillgång’, Licentiate thesis,
Kungliga Tekniska Högskolan, Stockholm.
Ståhle, A, 2006, ‘More park space in a denser city - Measuring open space
accessibility and smart growth’, In: Richter K-F., Rüetschi U-J. (Eds.), Proceedings of The Cognitive Approach to Modelling Environments (CAME 06),
SFB/TR 8 Report No. 009-08/2006 Report Series of the Transregional Collaborative Research Center, Spatial Cognition, Universität Bremen and
Universität Freiburg, Münster.
This paper suggests new tools for understanding and measuring how urban design affects green space accessibility: how urban structure distributes open space to people and how it creates users and stakeholders. Two
similar questionnaires from 2001 and 2004 reveal that citizens in some
dense inner city districts experience higher green space accessibility than
citizens in some low-density “green” suburbs in Stockholm. This peculiar
result was the starting point of testing old and new measures in ten different
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city districts using a new GIS-application “The Place Syntax Tool” (PST).
PST makes it possible to calculate the open space accessibility from every
address point in an urban area. A new measure, which considers range
(1000 meter), orientation (axial line distance), green space size (sqm), and
number of use values, correlated considerably better to the questionnaires
(R2=0.74 p<0.001) than any of the conventional measures. Correlation was
also found when comparing another questionnaire that asked participants
how often they go to their favourite green area and axial line accessibility to
green areas (R2=0.77, p=0.018). Consequently, cognitive anthropocentric
measures of accessibility and attraction can change the common opinion of
open space and “green” from a static to a dynamic urban entity.
Keywords: green space, urban density, accessibility analysis, place syntax, Stockholm
V. Strategic exurban landscape densification
Ståhle, A. & Seiler A., 2008, ‘Strategic exurban landscape densification: Evaluating landscape fragmentation in counter-sprawl policies’, Manuscript.
Earlier version:
Boverket, 2008, Bebyggelseplaneringens betydelse för landskapsfragmenteringen: en pilotstudie i Kungälvs kommun, report.
Urban sprawl and its associated infrastructure are the most important forces causing landscape change and fragmentation in rural areas in exurban
settings. This paper describes the effect of different counter-sprawl policies
on fragmentation pattern based on the municipality of Kungälv, the exurban area of Gothenburg. We simulated six strategic densification scenarios
based on two existing planning policies defining a strategy for new housing
locations and for the number of new houses allowed. The scenarios were
compared for natural landscapes, forested areas, agricultural areas, and
recreational areas using three measures of landscape fragmentation: fractal
dimension of landscape fragments, effective mesh size, and size of accessible landscape fragments. The scenarios yielded to some extent different
increases in landscape fragmentation with expectedly the strongest effect
caused by the sprawl scenarios, but little effect from development rates. By
distinguishing between landscape patterns, differences in the impact on
different types of landscapes can be assessed, helping planning policies at
a more accurate level. However, more cross-disciplinary research has to be
done in dialogue with spatial planning practice to systematically evaluate
policies and designs. If research can find the fundamental drivers of more
compact suburban and exurban development, planning processes can be
simplified in favour of urban and rural market interests.
Keywords: rural landscape, exurban sprawl, landscape fragmentation,
spatial planning, landscape ecology

Summary of papers

VI. Greening metropolitan growth
Ståhle, A. & Caballero L, 2008. ‘Greening metropolitan growth: Integrating
nature recreation, compactness and spaciousness in regional development
planning’, Manuscript.
In this paper, we present an analysis of the landscape and density morphology of the Stockholm county region, correlations between morphology and
socio-economic data, and an evaluation of the two alternative scenarios for
2030 modelled in the proposed regional plan (RUFS 2010). Today Stockholm is at large a relatively green and spacious metropolitan region with
a small compact city core. We found correlation between compactness
(product of floor area and nature recreation area) and highly mixed parcels (R2=0.729, p<0.001), between compactness and overweight (R2=0.47,
p<0.001), and between accessibility to nature recreation and reduced psychological well-being (R2=0.40, p<0.001). It seems that new housing developments and incomes levels are driven by compactness in the city centre
and spaciousness (quotient of nature recreation area and floor area) in the
suburban periphery. The alternative scenario FÖRDELAD is more spread
out and spacious in the periphery, and scenario TÄT is more compacted in
the city centre. However, they both loose compactness and spaciousness in
the inner suburbs. We claim that the decline in spaciousness in inner suburbia would be accepted if compactness also was raised, which is not the
case in any scenario. The apparent risk of this development is that suburbia
will loose its attractiveness to a level that it will fuel peripheral sprawl even
more. With support from the correlation studies and other sprawl research,
we claim that this planned development would have severe negative consequences for the sustainability and attractiveness that are claimed to be the
core goals in the next regional plan.
VII. Compact sprawl experiments
Ståhle, A. & Marcus L, 2008. ‘Compact sprawl experiments: Four strategic densification scenarios for two modernist suburbs in Stockholm’, Manuscript.
One of the biggest challenges for future urban design is how to cope with
existing suburbia and the ongoing sprawl. This paper investigates how
modernist suburbia can be compacted in terms of spatial morphology. New
‘user-related’ location density measures, such as spaciousness and compactness, integrate axiality of pedestrian network and accessibility to floor area
and public open space. These user-related density measures and other ‘administrative’ area density measures are applied to two modernist suburbs
in Stockholm – Björkhagen and Rågsved (1946-1957) – and four strategic
densification scenarios – ‘New urbanism’, ‘New regularism’, ‘New conservatism’, and ‘New modernism’. The results show that the suburbs can increase
by 100% in Floor Area Ratio in the first two, but only 30-40% in the other
two. Floor area accessibility, however, is influenced by network accessibility
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more than plot density. Public open space ensures spaciousness and compactness. Tree-like morphologies seem rational in peripheral low-density
suburbs with a lot of public open space; however, when densified, the grid
becomes more necessary if compactness is to be maintained. Although densification by ‘New urbanism’ or ‘New regularism’ in modernist suburbia is
improbable due to the political reality, they point out possible ways to more
efficiently compact modernist sprawl and the need for further research.
Keywords: urban morphology, urban design, sprawl measures, densification, public open space
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Discussion
In the thesis it is claimed that one of the biggest design challenges at hand
is the densification of suburbia, the ‘compaction of sprawl’. Most important,
this thesis presents new location density measures based on the ‘place syntax’
attraction-accessibility model that integrates floor area, axiality of street and
pathway network. and public open space. These measures have shown that
there can be ‘more green space in a denser city’ and that spatial compactness
in cities can be considered as interior and exterior space “closely and neatly
packed together”, which could be measured as the product of accessible floor
area and accessible public open space. These new concepts, tools, and findings have implications for the science of urban morphology and the practice
of urban design that could change the way we perceive and understand urbanism, land use efficiency, density, and sustainable urban growth.
From the point of view of scientific contribution, the thesis is an attempt
to undertake Batty’s call for a new science of urban morphology that “provides new insights into the resource limits facing cities in terms of the meaning
of density, compactness and sprawl, and related questions of sustainability” so
that we can understand “bottom-up city growth” and make more “realistic
city plans” (Batty 2008a). In the same line of argument, the thesis tries to
pinpoint the need for new measurements and research on density, sprawl,
walkability, and public open space for the implementation in a sustainable
urban design practice declared by morphologists like Hillier (1996), Talen
(2003) and Moudon (2006). The thesis also adds to current developments
of architecture theory initiated within the field of space syntax, which has
emphasized the need for analytic tools for performative building and urban
design (Hillier & Hanson 1984).
Contemporary urban morphology emphasizes design and planning and
that the prime goal for research in urban morphology is to support architects and planners in practice. Research is primarily then set to understand
how we can transform the city to work differently or “better”. As for planning and design practice, I think we see a growing awareness among planners and designers that urban form really matters for sustainable development (e.g., Duany et al. 2000, Calthorpe & Fulton 2001, Xaveer De Geyter
Architects 2002, MVRDV 2006). However, I think we also experience this
increased awareness in society as a whole, in politics (e.g., EU’s Green Paper
on the Environment from 2006) and the broader scientific community (e.g.,
Batty’s articles in Nature 2006 and Science 2008). The major reason ought
to be the ever-escalating urbanization of our planet. If urban (spatial) form
matters, then urban (spatial) design matters.
This thesis investigates sprawl and its densification in the relations be-
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Fig. 29. A definition of compact city and sprawl-like development as the relation between change in floor
area accessibility and public open space accessibility .

tween built-up space, public open space, spatial accessibility, spatial compactness (Location SCR), and spaciousness (Location OSR). In conclusion,
densification does not principally change compactness since it also decreases public open space. However, compactness can be increased by raising building height (as suggested by Le Corbusier), improving public open
space, and increasing the accessibility of the street and pathway network.
Second, densification normally decreases spaciousness since open space
is erased and floor area is added. However, spaciousness can be increased
by improving public open space and increasing accessibility to areas with
higher spaciousness.
What is suggested is that urban growth and sprawl in particular can be
studied morphologically as the result of the interplay between compactness and spaciousness. A city constantly strives to compact and centralize
useful (interior and exterior) space, so a spread out sprawling development
would mean a development that decreases compactness. However, a city
also strives to increase spaciousness. If a suburban densification project decreases spaciousness, it raises the risk that people will move out to more
spacious (less congested), but less compact, settlements. There subsequently then seems to be an inverse relation between the distance to urban cores
(CBDs/regional nodes), the demand for compactness, and the tolerance for
congestion (low spaciousness). Hence the closer you get to urban cores,
you can expect higher compactness, and when there is high compactness,
people will probably tolerate lower spaciousness to a greater extent (but not
to any extent, which is proven by the use of OSR in Manhattan). In very
simplified words, compactness seems to be the main attraction in the city
core and spaciousness in the city’s periphery, creating a ‘push and pull’effect in current urban growth processes.

Discussion

Fig. 30. A description of static and dynamic urban growth in spatial terms as the interplay between compactness and spaciousness (opposite).

As shown in the paper “Greening metropolitan growth” (Ståhle & Caballero 2008) and the paper “Compact sprawl experiments” (Ståhle & Marcus
2008), the current trend is light densification of suburbia on the expense
of public open space, which means both decreased compactness and decreased spaciousness. This development has the apparent risk of reducing
fundamental environmental qualities to the extent that people, especially
in inner suburbia, will move either out to the more spacious outer suburbia
or in to the more compact city centre. This trend can however be reversed
by urban design since it is a morphological matter, particularly concerning building height, public open space, and street networks; however, the
shapes or configurations are not evident.
The investigated strategic scenarios indicate that grid-like block-shaped
densification could be rational in inner suburbia (of Stockholm), whereas
in outer suburbia the development pressure for different reasons is not as
high and it is not obvious that these strategies are preferable. When introducing a well-connected street grid in the tree-like structure of suburbia, it
can lead to unnecessary congestion if spaciousness is the prime attraction.
When suburbia is densified and public open space gets scarcer, increased
street network accessibility is needed uphold public open space accessibility, a strategy that could result in more congestion. This contradictory design challenge seems to be the heart of suburban densification problem:
how to maximize both compactness and spaciousness, but also to identify
the ‘tipping points’ where compactness starts to play a more central part
than spaciousness in the urban morphology.
In practice, green space and natural vegetation is often identified as a
major quality in suburbia highly appreciated by residents. There is a worry
that densification will erase this quality but not add anything else (COST
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2005, Florgård & Forsberg 2006). There is also a critique of the idea of
compact city design since it is claimed that; low density settlements are the
overwhelming choice among residential dwellers; open space is not a scarcity, energy is not lacking, high density need market regulations, and above
all, sprawl is a necessary part of economic growth (Gordon & Richardson
1997, Cox 2006). However, this critique is often based on density measurements that usually do not take public open space or pedestrian accessibility into consideration; hence they do not cope with user-related location
compactness or spaciousness. Settlements that are compact according to
the location measures presented in this thesis are not easily compromised
by this critique.
In addition, if we look at the social, economical, ecological, and spatial
challenges facing future cities, the picture can hardly be broken down to a
set of particularities. The city is a complex system that integrates things and
creates synergies by external effects. In the context of decreasing energy
resources, health status, postmodern economies, and social segregation –
walkability and public open space certainly seem to be key spatial matters
for creating sustainable, liveable, just, and more competitive cities, as it was
in the late 1800s. Actually, we are probably experiencing a second wave of
regularism in contemporary suburbia much like Paris’ Baron Haussmann
and Stockholm’s Albert Lindhagen.
This new ‘21st century regularism’ could benefit urban sustainability if
developed in a compact way. The thesis claim is that a spatially compact restructuring that tightly links buildings and high quality public open spaces
by integrated street networks could increase urban resilience and performance. Many compact urban areas (such as Stockholm, London, Paris,
and New York) have persistently stood up to the competition against more
sprawling cities during the 20th century. This new suburban compactness
could also, if planned in a democratic way, benefit all citizens, corresponding to Rawls’ “theory of justice” (1973).
If we take on this challenge to support a more equitable and sustainable
urban development, we realize that urban morphology is a strategic field of
research. We also realize that it is an undeveloped science that could enrich
our understanding of “density, compactness, and sprawl, and related questions of sustainability”.
Undoubtedly, designers and decision makers of the urbanized world
need better tools and theories to deal with urban morphology.
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1. Introduction: Symmetries in accessibility research and space syntax
Contemporary accessibility and space syntax research face an almost symmetrical problem when it comes to analysing and predicting urban pedestrian movement. Both are interested in urban pedestrian movement since it
is a crucial issue for the functionality and sustainability of cities, their walkability and liveability (Jacobs, 1961; Williams et al 2000, Talen 2003, Jenks
& Dempsey 2005, EEA 2006), and since globalisation and advancements in
information technologies not only “eliminate space” (Miller 2007), in fact
it simultaneously makes local places and the design of urban pedestrian
space increasingly important (Castells 1996, Mitchell 1997, McCollough
2004, Florida 2005). Indeed, both research fields express needs for more
people-based knowledge that could be benefited from one another. In this
paper we explore a possibility to combine the space syntax description of
the cognitive environment, i.e. topological axial line distance, with conventional descriptions of attraction into an accessibility analysis model that we
call ‘place syntax’.
Within accessibility research, which principally originates from geography and transport research, there is an ongoing development of peoplebased measures of accessibility, complementary to the more conventional
place-based measures (Kwan et al 2003, Miller & Wentz 2003, Miller 2007).
Place-based measures basically focus on the spatial separation between key
locations. Major types include distance, topological, attraction-accessibility
and benefits, according to Miller (2007).1 Using this framework we mainly
address topological, which measures the degree and pattern of connectivity
of nodes within a network (Batty 2004a), and attraction-accessibility, which
measures the relation between a utility of a destination and its required
travel cost relative a given origin (Hansen 1959, Weibull 1980).
Within the field of space syntax research (Hillier & Hanson 1984, Hillier et al 1993, Hillier 1996, 1999, 2003a, 2003b, Jiang et al 1999, Jiang &
Claramunt 2002, Batty 2004a, 2004b, proceedings of the Space syntax symposia London 1997, Brasilia 1999, Atlanta 2001, London 2003, Delft 2005,
Istanbul 2007), which originates from architecture theory and urban morphology, one has shown strong evidence on the importance of topological
distance in urban environments for pedestrian movement. Topologically
space syntax, and the “axial line integration” measure in particular, have in
fact been regarded as “a special case of accessibility within graphs” (Batty,
2004a), and modelled as geometric accessibility by Jiang et al (1999). As proclaimed in the classic article “Natural movement” (Hillier et al 1993), axial
line integration stresses spatial configuration rather than attractions and
Euclidean distance for producing and distributing pedestrian movement in
cities (Hillier & Iida 2005).
What is truly original with space syntax research that makes it particularly interesting for pedestrian accessibility is that it starts from a cognitive definition of topological space or perceived social space in Lefebvre’s
words.2 The multiplicity of studies made in so many different urban settings
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has repeatedly confirmed that an axial line map, as a representation of the
network of all ‘lines of sight’ or ‘sense of directions’ in an area, is fundamental to urban pedestrian movement and navigation. The argument for
the axial line can then be made that if we make a straight line (or a street)
crooked, “we do not add significantly to the energy effort required to move
along it, but we do add greatly to the informational effort required”, or more
simply put “From an experiential point of view, cities seem to be about seeing and going.” (Hillier 2003) Hence, cognitive or navigational distance can
be measured by topological steps in the axial line map. The truly innovative
thing in the axial line, as well as for the concepts convex space and isovist
(Hillier & Hanson 1984, Benedikt 1979), is the bold reduction of their existential notions into what might be called a simple anthropocentric geometry,
which means that there is a mathematical definition in the generation of
axial line maps (Batty & Rana 2004).3 Consequently the axial line can be
regarded as a kind of people-based distance measure because it is actually
putting “data about a person’s cognitive environment into the analytical
framework”, which is claimed to be one of the major deficiencies in contemporary accessibility research (Kwan 2000).
Even though the ability of integration analysis of axial maps to capture
movement is well proven, that “the proportion of movement that is determined by the configuration of space itself, rather than by the presence of
specific attractors or magnets” (Hillier et al 1993), it seems likely that the
distribution of attractions and magnets are in some cases strongly determining the amount of movement. Hillier deals with these objections under
the title “Why space syntax works, when it looks as though it shouldn’t”
(Hillier 1999). He claims that in organically developed urban settings such
as the city centres of most European cities, population densities and attractions are quite evenly distributed, and when differentiated it basically follows spatial integration since people and business follow this kind of centrality leading to a so called “multiplier effect”. Because of this, the axial
map does capture not only the spatial distribution of such urban areas but
also roughly the relative distribution of attractions.
The obvious question, of course, is what about urban areas that are not
of this kind, where densities are not organically developed, that have uneven distributions of attractions? The question is essential, since it makes
up large parts of contemporary suburbanized cities, and since these areas
often routed in the modernist planning paradigm probably will face urban
restructuring in the near future and therefore specific need for a better understanding in urban planning and design. In recent Walkability studies
(Handy et al. 2005, Lee and Moudon 2006, Park & Schofer 2006, Kerr et al
2007) one have found correlates to self-reported walking and travel behaviour in different urban and suburban environments calculating Euclidean
straight-line or network accessibility to street connectivity and residential
densities. However, correlations to actual pedestrian flow are not as studied.
Based on our empirical investigations, we found that neither conventional
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axial line integration analysis nor walkability attraction-accessibility based
on Euclidean straight-line or network distance captures the distribution of
pedestrian movement in post-war modernist suburbs. What seems to be
needed is a combination of cognition and attraction, as outlined by Steadman (2004) and Ratti (2004), creating a geographic attraction-accessibility
measure where distance is based on people’s ability to navigate.
2. Accessibility measures: topological and attraction-accessibility
Accessibility is broadly (and often vaguely defined) measure of an aspect of
the freedom of action of individuals. This is a very broad concept, and it is
related to the concepts of nearness, ease of spatial interaction, and potential
of opportunities for interaction (Weibull 1980). In this section we will focus
on attraction-accessibility measures (Miller 2007), but we will show that
integration measures, as used in space syntax, cannot technically speaking
be viewed as an attractor-accessibility measure.
An atraction-accessibility measure is a scalar indicator of accessibility to
a specified type of spatial-interaction opportunity. Following Weibull (1980)
we define an opportunity ω ∈ Ω as represented by a pair ( d ij , w j ) where
d ij will be called a distance, while w j will be interpreted as a measure of
attraction. Ω is called the universe of opportunities. Here, we will take the
point of view of an actor at a given point in geographical space, and we will
denote this point in space i. An opportunity configuration is a finite unordered list of opportunities, for instance.
Now, we can define a real-valued function f on the set of opportunity
configurations and define an accessibility measure as Ai = f (x) , where
x = (ω1 , ω 2 ,..., ω n ) . In practice, one can allow any real-valued function
f here (see Weibull 1980), but it is common to impose some restrictions. For
instance, with some further assumptions, the accessibility measure can be
shown to be additive,

Ai = T ∑ g (ω j )

(1)

Ai = ∑ w j h(d ij )

(2)

j

where g (ω ) is a real-valued function, and T is a real-valued non-decreasing function. A common representation is given by

j

where it is common to have a simple representation h(x) = 1/x.
Hence, to calculate any (attraction-) accessibility measure we need, by
definition, to find a finite list of opportunities. Note that, by the axiomatic
approach outlined as above, there is little guidance as to how to choose
attractors and distances (that is, opportunities). Instead, the definition of
attractors will often (and should) depend on the application at hand, and
there are many possible choices on the distances. While Euclidian distances
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may be viewed as a first approximation (Kwan et al 2003), other evaluations is often used in different contexts. For instance, in the transportation
demand literature, it is useful to use a (primal) graph representation, with
number of workplaces or shops in the nodes, while the arcs of the graph
represent travel time or travel distances, or a combination of both known
as generalized cost.
On the other hand, the opportunity configuration may very well be
found by a dual representation of such a graph. Although opportunities are
embedded in geographical space, distances are then taken to be topological,
rather than Euclidian distances (Batty 2004b). In the space-syntax literature,
it is common to set attractors all equal to one, and let distances be defined
by axial lines. For instance, in the primal representations with corridors in
buildings are links, linking rooms (nodes) together. Here, the distance of
the corridor will not be measured by its Euclidian distance, but defined in
terms of how one navigates. Hence, accessibility measures in space syntax is
topological, rather than attractor-accessibility as defined above.
In this sense, space syntax deals with ‘spaces’, i.e. featureless spaces in
that their attractions are set to unit. On the other hand, it is natural that
geographical accessibility deals with ‘places’ that are note featureless, but
differ in terms of their content, embodied in the attractions. In fact, Jiang
(1999) distinguishes between ‘geographic’ and ‘geometric’ accessibility.4
There seem to be some confusion in the literature whether integration
analysis, as used in space-syntax, can be interpreted as an attractor-accessibility measure. To investigate this, we follow
Jiang et al (1999) and define a structural step distance S ij as the number
of steps between node i and j in a graph (which would be a dual graph in
the context of space syntax).5 Using the structural distance we can find an
accessibility measure as

Ai = ∑
j

1
		
S ij

(3)

This is called geometrical accessibility in Jiang et al (1999).
In space syntax, structural step distance in the dual graph plays a crucial
role. However, within space-syntax literature it is common to use the integration measure. To see the relationship, we define mean structural depth
(see Jiang et al 1999) as

Di = ∑

S ij

m −1

where m is the number of nodes in the graph. The integration measures is
now defined as

Ii =

m−2
2( Di − 1)

(4)
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Clearly, this cannot be written in the form of equation (3).6 Hence, we conclude that the integration measures used in space-syntax, although being
measures of accessibility, cannot be interpreted as attractor-accessibility
measures. It should be emphasized that this is, by itself, neither a good nor
a bad thing. For instance, an attractor-accessibility measure imposes some
restrictions (Weibull 1980). In particular, we cannot take into the account
that being at a certain place will make it easier to go to another place from
which the accessibility is different. For instance, attractor-accessibility measure does not take into account “trip chaining”.
It should be clear that what matters for a given accessibility measure is
the opportunity configuration, that is the definition of distances and attractors. A primal or dual representation of a graph by itself does not change the
accessibility measurement itself, but using different distances and attractors
does. For geometric accessibility, how to measure the distances is critical.
On the other hand, in the approach proposed here, we want to retain the
attractors in the accessibility measure. That is, we will use topological distance measures, defined by axial steps (structural depth in a graph defined
by axial lines), and at the same time include attractors. The purpose of our
empirical application in the next section is simply to investigate if distances
defined by axial steps and attractors defined by population and floor space
have any predictive power when analyzing pedestrian movement.
To be more precise, for the empirical investigation in the next section,
we will test the explanatory power (for pedestrian movements) of accessibility measures as defined by equation (2), where we will use a binaryvalued impedance function based on a threshold. That is, we will define
h(d ij ) = 1 if d ij < δ , where delta is the threshold, and zero otherwise.
The distances d ij will be taken to be either axial steps (structural depth in
a graph of axial lines), walking distance, or straight-line distance. We will
also investigate the explanatory power of different attractors (population
and floor space, respectively). The results for different models will be reported in the next section.
3. Empirical test: Two different city districts in Stockholm
The aim of the empirical study is to test the place syntax model using GIS
and the Place Syntax Tool for MapInfo. The two areas chosen are Södermalm and Högdalen in Stockholm with the distinct characters of ‘grid morphology’ and ‘tree-like morphology’ respectively. Both areas are spatially
very well defined and relatively isolated city districts or “sub areas” in the
city as a whole. Södermalm is actually set on an island in the Stockholm
inner city archipelago. Its street system has only five bridges to the surrounding urban fabric. Still it is part of the inner city. Högdalen, planned
and built in the 1950ies, is similarly isolated but by traffic planning. The city
district is surrounded by roads that have cut off several potential connectors to surrounding city districts. Comprehensive demographic statistics on
the areas are available at the Stockholm municipality’s website (http://www.
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stockholm.se/usk.)
The study areas were so delimited to about 100 hectares each. Axial line
maps were constructed in accordance with established practice for the two
areas including buffer zones of 2500 meters. The standard procedure of constructing an axial line map is quite straightforward and consists of drawing the “the longest and fewest straight lines […] through the spaces of the
grid so that the grid is covered. ‘Covered’ means that all rings of circulation
are completed and all convex elements passed through.” (Hillier et al 1993)
The buffer is based on the general rule (often used in space syntax) of approximately 30 minutes’ walking distance around a study area. For a general comparison, the grid morphology of Södermalm consists of 131 axial
lines with a mean length of 221 metres, while the tree-like morphology of
Högdalen consists of 435 axial lines with a mean length of 100 metres.
We tested six models, defined by different attractors and different distances. For attractors we used population and floor-space, and for distances we used walking distance, bird (straight line) distance, and axial steps
(based on structural depth in the axial line network). In total, we will test
the following models:
- Axial line integration, radius 1-10 (Space syntax)
- Axial line accessibility, radius 1-10 (Space syntax)
- Population within 100-1000 meter straight line distance (Euclidean accessibility)
- Population within 100-1000 meter walking distance (Euclidean accessibility)
- Population within 1-10 axial steps (Place syntax)
- Floor area within 1-10 axial steps (Place syntax)
For models b)-f) we used the attractor-accessibility measure as defined in
equation (2), where we set Wj=1 for all j in the case of model b), and the
impedance function h is the binary-valued function based on thresholds.
For instance, in model c) we counted the size of the population within a
threshold distance delta from a given location, where the threshold distance
δ ∈ {100,200,...,1000} meters. For measures a)-b) we used different
thresholds based on axial steps 1,2,…,10. Analysis a) axial line integration
analysis was conducted using the web-based software Webmap (at http://
bat.vr.ucl.ac.uk/webmap/, presently available at http://www.skate.bartlett.
ucl.ac.uk/).
Data on place attraction, in our case population and floor area, was collected from the municipality’s property database (USK 2004). Population
is calculated as the sum of residents and working people in each property.
Floor area equals the total floor area in the buildings within the property. For a general comparison Södermalm has a total population of 39 367,
where 67% are residents, and a total floor area of 2 240 000 m2. Högdalen
have a total population of 10 742, where 85% are residents, and a total floor
area of 520 000 m2.
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Fig. 1. Axial line maps, directions or lines of sight in pedestrian space, for the ‘grid morphology’ in Södermalm (left) and the ’tree-like morphology’ in Högdalen (right) .

Fig. 2. Principal diagrams describing the spatial (pedestrian space or street) structure of a (pre-modernist) ‘grid morphology’ and a (modernist)
‘tree-like morphology’. The latter conventionally aimed at calming and prohibiting through traffic, but also creating social segregation.

Observations of pedestrian movement were conducted at 27 gates in Södermalm and 40 gates in Högdalen, due to its morphological complexity. The
observations were conducted over two week-days (one rainy and one sunny),
at five different times during the day, each lasting five minutes. That way,
each gate was observed for a total of 50 minutes. The observations in Södermalm were compared to and confirmed by earlier studies by Marcus (2000).
For each model a) to f), we tested the explanatory power for predicting
pedestrian movements. Thus, for each model, we ran an ordinary least square
(OLS) regression with log(T) as the dependent variable, where T is the ob-
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Fig. 3. Conventional map of population densities (persons/m2) per plot in Södermalm and Högdalen (darker = higher
density). Population here consists of the sum of residents and working people in each property. Maps are comparable in
terms of colour.

Fig. 4. Observed movement rates passing persons per hour (8 am – 5 pm) at gates in the study areas.

served pedestrian movement, and accessibility measures according to models a) to f) as the sole explanatory variable (together with a constant term).
First, consider a) the axial integration value. The result shows a very
strong correlation in the grid morphology of Södermalm (R2=0.68, radius
6), but a considerably weaker correlation in the tree-like morphology of
Högdalen (R2=0.30, radius 7). Even though objections might be raised that
the amount of gates is rather low, we believe that the study demonstrates the
well known fact: that axial analysis does not predict movement in tree-like
morphologies as well as it does in grid morphologies.
It may be necessary to add that this is not to say that axial line integra-
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Fig. 5. Local integration (r-3) for Södermalm (left) and Högdalen (right) (fatter lines = higher integration).

Fig. 6. Map of population within 3 axial steps in Södermalm (0-60,000 persons) and within 6 axial steps in Högdalen (0-11,000 persons) from all
address points and observation gates in the areas. Maps are not comparable in terms of colour. (Darker = higher accessibility to population)

tion analysis is useless in such areas. We suggest that since such analysis is
so pervasive in isolating a morphological variable of pedestrian cognitive
space, it is able to tell us a lot about the inherent properties of such areas.
Most important is that, from an urban planning point of view, movement
in these areas seems attraction-driven rather than space-driven. Therefore
attraction-accessibility would better catch pedestrian flows in these areas.
The results for all models, a) to f), at all radii are presented in Figure 9. It
is evident that all models with axial lines have high predictive power from
radius 2 to 10 in Södermalm. For the model based on walk distance, the
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correlation shows a peak at 300-400 meter radius, but it is still lower than
the model based on axial steps. Straight line distance accessibility has weak
predictive power here, in the inner city grid morphology. For the data sets
from Högdalen, on the other hand, we can find a peak in the correlation at
radius 6 in axial steps and 600 meters in walking distance. However, axial
line integration is only weakly correlated.
We conclude that the place syntax analyses, when calculating accessibility to population or floor area within axial lines, post-dicts pedestrian
movement at the same level as an integration analysis in the case of the
‘grid morphology’ of Södermalm, but considerably better than the integration analysis and the ordinary metric accessibility analysis in the case of the
modernist ‘tree-like morphology’ of Högdalen. Even though all correlations
are lower in Högdalen than in Södermalm, the best R2-value 0.44 for axial
accessibility to population (radius 6) in Högdalen is relatively good.
The apparent reason for the better correlations with place syntax analyses, we argue, is that they capture the heterogeneous distribution of buildings and densities in and around Högdalen. The explanation to why axial
line integration does not post-dict pedestrian movement in modernist
tree-like morphologies is then as follows. When densities are uneven, when
there is a mix of high-rise and low-rise, some axial lines should get more
weight than others, and when buildings are unevenly localized; some axial
lines are not connected to, or in space syntax terms not “constituted” by,
buildings. The reason why the ordinary Euclidean accessibilities, by walking distance or straight-line distance, as used in e.g. Walkability studies, do
not correlate as good as any of the axial line accessibilities, one could now
argue is that these measures lack a cognitive dimension, that it does not
take the issues of navigation, orientation or way-finding into consideration.
Really, it seems reasonable to account for the fact that a moving pedestrian
in the city is looking for the simplest route in terms of directions, searching
(by vision) for the easiest way around.
4. Conclusions: The possibilities for place syntax
Thus we conclude that by introducing the axial line as a distance unit in
detailed geographic attraction-accessibility analysis we seem to have found
a better description of the cognitive environment, in that axial distance correlates better with observed pedestrian movement than walking distance in
meters as well as straight-line distance in meters. We can also conclude that
by introducing density in space syntax we can make more precise predictions of movement in urban areas where the distributions of densities and
buildings are uneven. We then seem to be able to show one possible way to
solve the earlier stated symmetric problem in accessibility research (Walkability) and space syntax research, respectively. The need for place syntax
research has, as stated earlier, principally been described by for example
Steadman (2004) and Ratti (2004), as a critique against space syntax research, and by Kwan et a (2003), as a critique on accessibility research, but
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Figure 7. Correlation of local axial line integration (radius-6) and observed pedestrian movement (log) in
Södermalm (R2=0.68, radius 6) left and Högdalen (R2=0.30, radius 7) right.

Figure 8. R2-correlations for different radii of: a) space syntax axial line-integration, b) axial line accessibility,
c) straight-line distance accessibility to population (radius*100), d) walking distance accessibility to population (radius*100), e) axial line accessibility to population, f) axial line accessibility to floor area for Södermalm
(left) and Högdalen (right).

we also think that place syntax opens up new ways for investigating the geometric compactness of cities, as asked for by Batty (2008) among others.
There is also a huge amount of work left to integrate spatial analysis research into urban planning and design practise. The need for place syntax
is also a practical one. For example, the variations in correlation using the
different measurements can tell us something fundamental about the planning paradigms used in the two study areas and their functional performance. As discussed, urban form and the location of attractions do not
seem to work in the same direction in Högdalen, while that seems to be
exactly what is happening in Södermalm. The grid morphology of Södermalm has been working through multiplier effects. Attractions have been
planned or been able to move to spatially integrated locations, which is not
the case for Högdalen. Here all attractors have been put by planning in the
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Fig. 9. Closest food store within axial lines. Maps are comparable in terms of colour. (Darker = shorter axial step distance)

‘centre’, which is actually not where the axial line integration core is. Attractions and spatial accessibility are literary pulling people in different directions in modernist Högdalen. This is just an example of how combinations
of space syntax and place syntax analyses could be used to examine urban
and suburban designs.
Two of the most confused issues in planning and design practice are
‘density’ and ‘area’. In fact, area statistics are the most common geographical
representation used in maps and plans. Accessibility analysis in general as
well as space syntax analysis shows that the ‘area’, be it district, property or
block, is problematic when it comes to understanding social and economical phenomena in cities, especially concerning detailed spatial analysis. It
can be referred to as the “ecological fallacy” or the “Modifiable Area Unit
Problem” in geography (Openshaw 1984). Similarly, in space syntax one
would not describe the city as a collection of elements; but rather as a set of
relations between elements. Or put in Hillier’s words; “Places do not make
cities. It is cities that make places.” (Hillier 1996, p.151) A map of densities in districts or in properties within a district just presents the collection of elements but it does not tell us anything about the relations between
these elements. A detailed accessibility analysis, such as place syntax or any
other more people-based accessibility analysis, would turn this aggregated
top-down (system world) perspective into a disaggregated bottom-up (life
world) perspective, helping planning institutions to understand urban life
as it is lived, not as it is mapped. Since space and place syntax is concerned
with the geometry of space it is particularly useful for the design of urban
morphology, comparing with other more transport-oriented accessibility
measures.
With the initial findings presented in this article as a background, we
believe that the ‘place syntax’ approach has great potential for the develop-
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ment of new tools for urban planning and design, not only for predicting
pedestrian movement or estimating urban accessibilities. The aim of this
research is to support urban studies as well as urban practice to find new
and possibly more informative ways of presenting place data in general.
(See Ståhle 2005, Marcus 2005).7
This said, it is obvious that, as with all analyses of accessibility, there
are complexes of qualitative factors that are difficult to take into account,
as put forth by Kwan et al (2003), among others. Other factors, of course,
would include car-traffic barriers, safety, noise levels, air quality and identity. These factors, furthermore, affect disparate kinds of users, children,
the elderly, the disabled etc., to varying degrees. Still, we believe that the
rather straightforward approach of place-syntax analysis provides a good
balance between simple-data input and precision-data output at the level
already proved useful in urban planning and design. (See Länstyrelsen i
Stockholms län 2006, Spacescape 2007)
We also believe that the marriage between accessibility analysis and
space syntax that place syntax represents can bring with it certain fruitful
theoretical implications. Our major statement is nonetheless that there is
a consistent and fruitful theory of urban space geometry based on human
cognition in space syntax. More contributions to detailed accessibility analysis in urban areas, by integration of its three anthropocentric geometries
should be expected. Even though the axial line map has been proved to
work for pedestrian analysis over and over again, as it also did in our study,
we wish for even more basic research into its phenomenological, psychological and sociological nature.
Notes
1 This is for instance consumer surplus measures. As such, benefit measures can be defined both in the context of place-based and people-based
accessibility.
2 Seamon (1994; 2004) has also pointed to a characteristic of space syntax
not often acknowledged: namely, the strong phenomenological strand
inherent in its ideas as well as descriptions. In recent papers by Bill Hillier, this is brought to the forefront and discussed in depth (Hillier 2003a
and b). In the future, we might therefore expect as many references to
Merleau-Ponty as to Levi-Strauss in space-syntax literature.
3 Compare analytical behavioral geography as for example developed by
Reginald Golledge. For recent developments in this tradition, see for example the work of David Seamon.
4 What is called ‘geometric’ here is close to what is known as ‘pre-geographic’ in, for instance, Miller (2000).
5 For a more precise definition, see eq. (9) in Jiang et al (1999).
6 Although Jiang et al (1999) eq (20) seem to suggest that equations (3)
and (4) are proportional.
7 In a study by Ståhle (2005), it was shown that the access to parks and
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green areas perceived by the citizens contradicted the measures by the
planning authorities, who measured things like hectares of park and
green area per person. But when accessibility was measured instead,
using (among other parameters) axial distance rather than metric distance, perceived access and measured accessibility correlated. The argument was made further critical by the fact that the city districts where
citizens’ access to park and green areas was perceived as low were rather
low-status post-war suburbs understood as ‘green’ by the planning authorities, while the city districts where citizens’ access to parks and green
areas was perceived to be high were quite dense high-status inner-city
districts deemed ‘grey’ by the planning authorities. According to existing measurements, there was no need for new or better parks in the
post-war suburbs, then, while that could be the case in the inner city.
The new place-syntax measurements could thus show that there existed
“more park space in a denser city” and at the same time give quantitative voice to the perceived lack of park and green areas in the conceived
‘green’ areas.
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Introduction
This story begins with a practical spatial planning problem. In the late
1970s the urban development of Stockholm municipality had reached its
outer limits. The Urban Planning Administration now started to formulate strategies for densification, or as it was stated in the city Plan from
1999: “Building the city inwards”. 1996 the politicians of the Stockholm City
Council decided, because of extensive conflicts around densification projects, that they needed a map of open space showing its “ecological, social
and cultural values”. The project was officially called “Stockholms grönkarta” (Stockholm Green Map), since practically all open space was and still is
considered “green”. Although it was supposed to cover not only parks and
nature areas but also plazas, play grounds, sport fields, quays et cetera. The
project was administered by the Stockholm City Urban Planning Administration and divided in two; the biotope map and the sociotope map, where
the former related to ecological issues and the latter to human issues.
In Swedish modernist planning (approx. 1930-80) human and social issues have been strongly emphasized since the beginning. But with the latest environmental turn around 1980-90 an apparent shift toward biological
issues took place in open space planning. Especially ecological aspects of
nature had a very strong position within recent green structure planning,
namely as biodiversity, endangered species, biotopes and landscape ecology. The biotope map, developed within a collaborative project between
Stockholm University and Stockholm Urban Planning Administration
(Löfvenhaft & Ihse 1998), is a product of such scientific ecology and easily integrated into the rational planning cultures still working at this time.
Its success basically depends on rigorous research, detailed mapping and a
high degree of quantitative data at expert level and a strong political consensus on all levels, be it municipal, regional, national, continental or international, such as the Rio convention.
The sociotope map can on the other hand be regarded as part of the
communicative turn in post modern urban planning, focusing on dialogue
and citizen participation (Healey 1997). I will in this paper focus on the
communication in terms of the exploration of use values of open space and
how these are possible to integrate in planning by mapping. This paper is
lead by Henri Lefebvre’s pressed questions in his pamphlet Right to the city
(1982): ”Which are the socially successful places and which will they be?
How do we recognize them? Based on what criteria?” (1982, p. 141, my
translation from Swedish translation) In the end we also have to ask ourselves – How do we create and manage these successful spaces? This paper
is basically about how urban planners today try to integrate these ‘postmodern’ questions into actual planning practice, specifically when it comes
to the densification of existing urban and suburban settlements.
The Stockholm sociotope map practice
The concept ‘sociotope’ was invented ad hoc during my urban planning prac-
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tical training at the Stockholm Urban Planning Administration 2000-2002
together with landscape architect and former city park director of Stockholm
Anders Sandberg. We where at that time not aware of any other use of this
concept but we thought it was an intriguing complement to the biologists’
concept of the biotope1. The immediate attention that the sociotope concept
got among planners2, researchers3 and media4 can be explained having the
Wittgensteinian notion in mind, which emphasizes that words are produced
and reproduced by their utility and use. Hence there is no absolute definition of the word. Sociotope was a natural reaction to the environmental
turn in planning and the systemic ecological (biocentric) paradigm that had
been dominating green open space discourse since the 1980s. The sociotope
map was also a pragmatic response to the need of a map which showed open
space use values in Stockholm City. The concept has been defined and redefined continuously since the start. To sum up the persuasion for meaning in
our work I would, as the “reflective practitioner” (Schön 1983), summarize
the attempts to define the concept sociotope as ‘the commonly perceived direct use values of a place by a specific culture or group’.
In the following a brief description is presented of how the sociotope
map was made at the Stockholm City urban planning administration. It has
to be emphasized that this procedure is one specific case, formed by practical and administrative conditions. A sociotope map, as discussed theoretically below, could be created in a totally different way and also look totally
different in the end. A sociotope map is in any case a response to central
(local) authorities’ increasing need to understand their citizens and their
everyday urban environment. Thus the first step in making a sociotope map
is to define the “group”. It answers the question – Who does the open space
use values represent? In our case the “specific culture” was the citizens of
Stockholm, i.e. the people living within Stockholm City, not people from
other municipalities, towns or countries.
The Stockholm sociotope map was made principally in five steps:
Open space definition. All publicly accessible open space > 0.5 ha were geographically defined and named.
Expert evaluation. Open space professionals (e.g. landscape architects) value the open spaces by observation with protocols that was developed
out of scientific research and professional experience. In Stockholm all
defined open spaces were observed for at least 10 minutes in two different seasons.
User evaluation. The citizens of Stockholm City were engaged in several
‘dialogue activities’ such as interviews, focus groups and questionnaires.
This was partly administered by the local city district administrations.
The main question concerned the citizens’ ”favourite outdoor places” and
its use values. Questionnaires were sent to local organisations, personnel at day nurseries and pre-schools, published in the local news paper,
and put up as webforms on the city district’s websites. Several interviews
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Fig 1. Excerpt from the Stockholm sociotope map for the city district Rågsved

and focus groups with youths, adults and elderly people were conducted.
Environmental psychologist Maria Nordström at Stockholm University,
who made some interviews, also developed the latest questionnaires and
interview guides. Since 1996 the Stockholm municipality has carried out
more than 25 large inquiries on green and open space use.5
Synthesis. All information from the user evaluations were compiled together with the expert observations into 20 use value-concepts. These were
for example: play, quiet, walking, picnic, crowds, swimming, wilderness.
The concepts ranged from intense urbanity to calm nature, all encompassed within the open spaces of the City of Stockholm. The concepts
where deliberately made a simple everyday language that would work as
an interface (a tool for communication) between the life world of citizens and the system world of planners.
Mapping. Based on the expert and user evaluations every specific open
space was registered with its specific composition of use values into
the sociotope map. One open space can have one or several use values.6
Since most of the surveys focused on “favourite places” the user evaluation data was place specific. The synthesis of public and expert place
information is done through various triangulations and comparisons
between places and use values. The places were also marked in two territorial levels: local place and regional place. The GIS-based map was designed to be printed in A1 and also for web-publication on the Internet
and the administration’s Intranet, making it as accessible and easy to use
as possible for planners within the administrations as well as external
consultants, mostly architect firms.7
It is not yet clear what impact the sociotope map has had on planning prac-
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Fig 2. Excerpt from the Gothenburg sociotope map for the city district of Centrum.

tice or in planning and urban theory. It is to my experience evident that
the map and its method have not lost attention since 2002, when the first
sociotope map of Stockholm was finished. On the contrary it seems to be
increasingly more familiar to planners in Stockholm. Almost everyone in
the planning and environmental administrations and in external consultant firms seems to have heard about it. Many have at least come across it
in a project, and quite a few have been using it practically, for example in
EIA (Environmental Impact Assessment) and SEA (Strategic Environmental Assessment). Two other municipalities in Sweden have recently started sociotope mapping; Gothenburg (2nd biggest) and Uppsala (4th biggest
city in Sweden). In my own research on green structure accessibility the
sociotope map constituted essential empirical data, which I could not do
without (Ståhle 2005).
Three cases in planning practice
In the following, three planning projects are described where the sociotope
map has been used in urban planning practice. The projects include 1) the
densification of Årsta, 2) brownfield development of Annedal and 3) open
space design in Gottsunda (Uppsala).
1. An extensive densification project was initiated in Årsta in 2003 (Stadsbyggnadskontoret 2003b). Årsta is a modernist suburb from the 1950s.
Within this project the Stockholm sociotope map was used as a background for more detailed sociotope studies. The survey was conducted
as focus group interviews by two planners from the municipality. The
main aim was to understand how adults, youth and children use open
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Fig 3. Favourite open spaces for youths in Årsta. (Stadsbyggnadskontoret 2003b)

space so that the most popular spaces could be saved from exploitation
and so that open space in it self could be improved. The results were
quite clear. Adults preferred peace and quiet walks in the largest park
and in the closest forest area. Youths often seek places for meetings and
gatherings to see their friends. Freedom, space and street life are common qualities in their favourite places, which imply forests, sports fields
and the city centre. Personnel in nursery schools and after-school centres in the area were asked to state the children’s most visited places. No
less than 40 different parks and green areas in Årsta were mentioned in
the interviews. It is apparent that these places are a necessary supplement to the yards that belongs to the nursery school, the after-school
centre or the school.
2. Annedal in Stockholm is an extensively used brown field where a new
housing district is currently planned. Within this planning process,
children, youths, adults and elderly people in the adjacent housing area
of Mariehäll were interviewed in focus groups. The interviews, which
were conducted by two urban planners from the municipality, resulted
in a detailed sociotope map for the current area and guidelines for open
space planning. The most important conclusion was that a lack of some
fundamental open space use values such as park spaces for picnic and
soccer in Mariehäll was experienced and therefore it was important to
create these values in Annedal. The guidelines emphasized not only the
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Fig 4. Favourite open spaces for children ages 2-6 in Mariehäll (Stadsbyggnadskontoret 2006).

content of the new open spaces but also the size and the connecting
street system as means for making the new park accessible and public.
(Stadsbyggnadskontoret 2006)
3. In 2006 the Uppsala Urban Planning Administration started a planning
process called “Gottsundaprocessen”, which emphasized dialogue with
local citizens. Gottsunda is today the largest late modernist area from
the 1960s in Uppsala (4th biggest city in Sweden) with a lot of social
housing. A high degree of immigrants, low income, low education and
high crime rates are what the area is infamous for. One of the main aims
with the planning process was to find spaces for densification and also
open space for landscape design improvement. The Leisure and Nature
Administration at the municipality initiated a sociotope mapping project to collect knowledge in the open space use values. 22 focus group
interviews were conducted; ten groups with pre-school personnel, youth
councils at school, youth organisations (La Softa, KFUM), adult associations (Culture club Raffi, Rental housing associations), and elderly
(Women’s organization Bozorgan, Christian church association). The
results were diverse but also very clear about one thing. Gottsunda lacks
a proper public open space in its centre. The most popular open spaces
were in the periphery of the area (e.g. Gottsundagipen). The district centre consists today of a large parking lot outside a degrading shopping
mall from the 1960s. The consultant firm Spacescape, which I am a part,
administrated the sociotope mapping process and summarized the find-
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Fig 5. Sociotope map of Gottsunda showing the stated use values of open spaces.

Fig. 6. Visionary collage of a new central plaza in central Gottsunda based on the sociotope survey. (Uppsala kommun & Spacescape 2006)8

ings into a proposal for a new central plaza on what is now the parking
lot. The proposal was illustrated by a visionary collage that represented
all the things that the citizens in Gottsunda had stated as major open
space use values: places to sit in the sun, events, scene, cafés, water, flowers, playgrounds, sports fields and street markets. All these use values
could be designed in a new public open space that would be located on
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Fig 7. Plan proposal for densification of open spaces with low use value (left) and design proposal of a new
plaza in central Gottsunda (right). The plaza location and design is a direct translation of the sociotope
survey, stating the values and the wishes of the local citizens. (Uppsala kommun & Spacescape 2006)

the parking lot, within the everyday movement pattern of the citizens
of Gottsunda. The cars could instead be put aside and on the roof of the
shopping mall.
With the citizens opinions and perceptions as a starting point, as done in
the sociotope mapping process presented in these three projects, new places
can be created that are shaped from the citizens point of view – “bottomup”, not “top-down” by the mind of one architect or decision maker. The
sociotope map emphasizes the fundamental difference between life world
of citizens and the system world of planners and architects. It proposes a
way to handle this fundamental contradiction between “the user” and “the
designer”, which really has been emphasized within the postmodern turn
in urban planning.
The sociotope map as urban theory
One can consider the postmodern turn in urban planning, the critique of
modernism, technology, rationality and large scale capitalism, as a critique
of how the system world of institutions and companies was too separated
from the life worlds of people and culture. (Habermas 1986, Harvey 1989,
pp. 257-261) This turn naturally led to emphasizes on post-structuralism,
deconstructivism, culturalism etc. in the academic discourse (Foucault,
Jameson, Habermas) and consequently discussions on governance and
forms of dialogue in the planning discourse (Friedman, Healy, Mintzberg).
But the question remains; what about the descriptions of urban space? What
is the sociotope map, as it has been developed in Stockholm, in the perspec-

109

110

Compact Sprawl

tive of contemporary urban theory? My starting point for investigating the
sociotope mapping procedure in broader theoretical perspective is in this
paper ‘meta-philosopher’ Henri Lefebvre, who also has been inspiring important urban thinkers like Harvey (1989), Soja (1996), and Castells (1996).
This section is very much a reflection on my work as a practising landscape
architect and urban planner. I am now a researcher in urban design trying
to grasp what the sociotope map is, or rather has become, in a larger urban
theoretical realm, trying to be the “reflective practitioner” (Schön 1983).
To begin with sociotope mapping seems to be about the Castells notion of
“space of place” separate from the “space of flows”. The space of place “is a locale
whose form and function and meaning are self-contained within the boundaries of physical contiguity”. (1996 pp. 314-315) This space is the life world space,
or as Lefebvre critically called it among other concepts; “true space”.
“’True space’ was thus substituted for the ‘truth of space’, and applied
to such practical problems as those of bureaucracy and power, rent
and profit, and so on, so creating the illusion of a less chaotic reality;
social space tended to become indistinguishable from the space of
planners, politicians and administrators, and the architectural space,
with its social constructed character, from the (mental) space of architects.” (Lefebvre 1991 p. 300)
Lefebvre’s argument is pinpointing the separation between the system
worlds of planners, architects, administrators etc. and the life worlds of
people. In his influential book The production of space (1991) Lefebvre introduces a range of space concepts more or less related to this dichotomy.
System world related descriptions are e.g. ”abstract space”, ”Euclidean geometric space”, “objective space”. Life world space is mainly referred to as e.g.
“social space”, but also “lived space”, “perceived space” and “absolute space”.
In some parts of the book Lefebvre is very abstract and vague in his definitions of these concepts, but in his concrete examples from urban planning
practice he is definitely very clear. Haussmann, Bauhaus, Le Corbusier and
Niemeyer have all, according to Lefebvre, made false and dangerous reductions of social space. (1991, pp. 303, 308, 312) Their systemic descriptions,
plans, zooning et cetera, fail to represent the complexity of urbanity and
their policies then segregate and fragment social space in the city. (1991, pp.
311, 317) Thus Lefebvre pins down the core problem of urban planning, the
apparent dangers of reducing life world/space to system world/space.
“In its most extreme form, reductionism entails the reduction of time
to space, the reduction of use value to exchange value, the reduction
of objects to signs, and the reduction of ‘reality’ to the semiosphere; it
also means that the movement of the dialectic is reduced to a logic, and
social space to a purely formal mental space.” (Lefebvre 1991, p. 296)
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Accessibility & distanciation

Appropriation & use

Domination & control

Material spatial practices
Representations of space

Flows of people
Traffic analysis, Space syntax

Promenade
Sociotope map

Fencing
Property map, City plan

Spaces of representation

Internet

Civic square

Religious square

Table 1. ”A grid of Spactial Practices” interpreted from Harvey (1989 p. 262).

It is basically this argument that is very difficult to ignore if you are in any
way engaged in urban planning, design or management, regardless your
ideological, political or cultural approach to urbanity itself.
Open space as representation of perceived space
So, what is Lefebvre’s suggestion? How can urban theory and practice deal
with this problem? He suggests to differentiate between “perceived”, “conceived”, and “lived” space, and also what he calls “spatial practices”, “representations of space” and “representational space” (Lefebvre 1991, pp. 3839). Soja uses the first triad to deconstruct the common dualism of “real”
material space (firstspace) and “imagined” mental space (second space),
and to discuss an alternative approach that integrates mental and material
dimensions into a “real-and-imagined” place – thirdspace (Soja 1996).9
Harvey, on the other hand, tries to illustrate the second triad in a simplified table based on three major urban practices; Accessibility & distanciation, Appropriation & use of space, Domination & control of space. (Harvey 1989, p. 262) Below I have made an interpretation of Harvey’s table to
pinpoint the sociotope map.
Taking the conventional (Soja, Harvey) reading of Lefebvre’s triad it becomes clear that the sociotope map is just a representation. It cannot be
anything more than this. But what is it really a representation of? Well, if
the second triad explains how space is represented, the first triad captures
what is represented. Let me take the much debated issue of “urban safety” as
an example, since safety issues very often comes up as negative use value in
sociotope mapping processes, such as focus group interviews. For example
this was a big issue in Gottsunda.
I would argue that violence in urban space concerns lived space, “what is
really happening”. The violent space is consequently an unsafe space for people, i.e. they can get hurt there, if they want it or not. Another thing is how
people experience this space, how they perceive it. Some people feel unsafe;
some do not, regardless the crime statistics and probability of violence of a
particular space. This has been shown in e.g. gender research, where women
often feel unsafe in public open space at night, but most violence on women
takes place at home. This is easily described as differences between lived
and perceived space. Concerning conceived space it is in this context best
described as the ‘secured space’, i.e. the space that should or is considered to
be safe. This is often a concern for the police who set goals for their activities
in urban space, where law and property intersect. The conceived safe space
can also be the urban planner’s or politician’s vision of a “safe city”.
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Spatial practice

Representation of space

Space of representation

Lived space

Violence in space

Crime stats on map

Riots in space

Perceived space

Safe/unsafe space

Sociotope map

Safety in shopping mall

Conceived space

Housing with CPTED10

Security zone plan

Safety signs in space

Table 2. A grid of safety in urban space based on Lefebvre’s two triads o f space.

The complexity of safety in urban space and the nature of the sociotope
map are dissected even further if the two Lefebvrian triads are interconnected as done in the table below.
Again the sociotope map above end up in the middle in the table, capturing people’s everyday experience, for example how people feel about
different spaces. It is definitively not a representation of conceived open
space. One can however claim that the sociotope map also tries to represent aspects of lived space, even though perceived space is emphasized in
municipal reports. (Ståhle 2000, 2002, 2003) This discrepancy needs to be
discussed a little further.
Open space as the user’s space
Representations of lived and perceived space could be understood as the
methodological difference between (anthropological) observation and
(sociological) interview, the difference between what people really do and
what they really say (feel) that they do. Since the sociotope map is created
from both observation of lived space and interviews on perceived space it
can be considered some sort of mix. I still argue that the sociotope map in
the end aims to be a representation of a collective (common) perception of
open space, its use values rather than its actual uses. Capturing values, in
different forms is also said to be the main object of the municipal “green
map” commission. The Stockholm sociotope map aims foremost to represent the collective values of open space use that is of importance to people’s
everyday life (Certeau 1984), i.e. the open space use values.
Then we are back to Lefebvre’s main space concept; social space. In a
very general interpretation of this notion it largely means ‘space of use
value’. (1991, pp. 347-52) This space, the “user’s space”, is created as it is
lived and simultaneously subjectively perceived by its users. And thus “The
user’s space is lived [and perceived] – not represented (or conceived). When
compared with the abstract space of the experts (architects, urbanists, planners), the space of everyday activities of users is a concrete one, which is to
say subjective”. (Lefebvre 1991 p. 362) In this quote Lefebvre is very clear,
and he is for this reason very reluctant and sceptic to any representation of
social space. Since any urban planner has to work with representations and
conceptions of space one has to be a priori critical to any attempt to reduce
social space into maps, illustrations and geometry. This is not to say it is
impossible. On the contrary it is essential and the very crucial (democratic)
problem of urban spatial planning. The planners need useful representa-
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tions of open space use values. The Swedish open space researcher Ulla Berglund highlights in her dissertation ”Perspectives on urban nature” (1996)
that there really exists fundamental differences between how ”citizens and
planners perceive open space in the city”. This is also, to my experience,
why the sociotope map has gained such attention among planners recently,
because it emphasizes the user, uses and use values.
Open space as direct use value
The very core concept in the sociotope map is consequently use value11,
since it captures the utility of open space. The concept is of course central
to Lefebvre’s philosophy of space and to other (Neo)Marxist’s urban thinkers. In my analysis of urban open space practices and my exploration of the
sociotope map, the theories of use value developed within political and environmental economy will show very useful. (Brännlund & Kriström 1998,
pp.74-78, Turner et al 1994, pp.112) If we look at Swedish open planning
practice in the 1990s it has developed an almost standardized way of mapping, i.e. representing open space (and green structure). The conventional
model has been, and highly still is, to divide maps into three parts; social
values, historical values, and ecological values. (Bucht & Persson 1994,
Stockholms stad 2004) I have found environmental economy to be a useful
way to understand these three categories of value, and to read the sociotope
map into this planning tradition.
The main categories developed within environmental economy are use
value and non-use value, where the latter means the value of something’s
plain existence. Use value is divided into direct and indirect use value, where
the former refers to the direct utility of the environment, for example a playground. This value is often called “social value” or “recreational value” in
traditional open space planning practice. The concept of the “social” can
though be confusing since it in many other planning contexts often refers
only to interaction and co-presence. However, using Lefebvre’s sense of the
word “social space” it broadens it to what has been discussed as open space
use value. Reduce direct use value to “recreation” must nonetheless be considered as narrowing the perspective of outdoor life, not dealing with things
like social interaction, play and competition.12 Due to the common domination of the concept “recreation” as the single description of open space direct
use value the significance of these spaces, I would argue, are often underestimated. The urban square has most often been the symbol for social interaction and democracy, even though urban parks have maybe been playing a
more central political role in modern cities. There are several examples from
Stockholm’s political history where parks have been more revolutionary
spaces than squares.13 Nevertheless the sociotope map seems to essentially
concern the realms of general direct use value, defined by the users.
Looking at indirect use value it means using space from a distance. One
example is the open spaces as a part of the cityscape, as an appreciated view
(from your window). To open space planning and design the differences
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between direct and indirect use value is crucial. A prime example is the
green spaces of post war suburbia (1950-70), also bluntly called “towersin-a-park”, an urban design doctrine generally conceived by Le Corbusier,
Gropius, Niemayer among others. Most green spaces in these areas only
have indirect use value, as view from your car or apartment window. The
green strips along highways cannot, due to security and noise, be visited
and directly used by pedestrians. This also goes for a lot of the green space
surrounding residential buildings, which also often suffer from vague territoriality, i.e. ambiguity in what is private and public, which also repel use.
If we look at parks in traditional western European inner-city grids, green
space is usually embedded within the street system creating a continuous
spatial system for pedestrians. These city parks have almost without exception both direct and indirect use value, in that they are simultaneously used
for outdoor life and as a spectacle from adjacent windows.
Now, let us look at non-use value, a concept heavily debated within political and environmental economy (Brännlund & Kriström, 1998 p.77).
Non-use value is commonly discussed as two sorts; option value and existence value, where the former is a little closer to use value itself. Option
value aims to capture the possibility for future use, e.g. the possibility to
go to Amazonas in the future even though I have never been there (direct
use value) or seen it on television (indirect use value). But option value
seems also to relate to something bigger, as the possibilities for future generations to use a space.14 This then relates to existence value, which means
the value of something’s bare existence. It is valuable just because it exists,
irrespective of its current or future utility. Since the environmental turn in
postmodern planning open space discourse has been dominated by “green”
and environmental issues, at least in Sweden. Existence value, which is not
encompassed by the sociotope map, has for the last twenty years been a
dominant paradigm.
The dominance of existence value
To understand why the sociotope map is in some ways very radical in the
current Swedish planning context there is a need for a further explanation
of the dominance of existence value. The two dominating classes of existence values in current green structure planning have for the last twenty
years been the ecological value (biodiversity) and the historical value (cultural heritage). These are commonly defined by experts, like ecologists and
archaeologists. Existence values are for example traces of ancient remains
under ground or rare endangered species, things that an ordinary citizen
most likely seldom experience or face in his/her everyday life. This is why
these values sometimes are called “scientific values”.15
In planning practice there are not absolutely clear boundaries between
the concepts in green structure planning and these environmental economics value concepts. Surveys on the direct use value of green areas show that
historical and ecological dimensions contribute to shape direct use value.
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(Grahn & Sorte 1995 pp. 84-160. Ståhle 2000, Stockholms läns landsting 2001 ) E.g. an old biologically diverse meadow is often very popular
among picnicking citizens. There is also an interesting development of
new forms of user valuations within cultural heritage (Olsson 2003). This
trend has led also to the introduction of the concept “experience value”
(upplevelsevärde).16 The captivating thing is that “experience value” primarily refers to the user’s experience, not to the expert’s, hence it is basically
referring to direct use value, something which is supposed to be captured
in a sociotope map.
Since open space in urban planning is often treated as green space, the
issue of ecological value and biodiversity has had especially strong implications. And, since ecology and biology are natural sciences there is to my experience very common that values (use or non-use) are confusingly mixed
with ‘facts’ about the biological system itself.17 It has then be noted that
the notion of biological facts is not unfamiliar to either anthropocentric
or biocentric philosophies.18 An anthropocentric approach however would
refer to green area ecology as means for reaching human ends, but biocentric ideology would claim that ecology is both means and ends at the same
time. The notion of existence value or ecological value, when the ecology as
an end in itself is basically what defines biocentrism. The sociotope map is
consequently leaning further towards an anthropocentric paradigm.
Existence value has been very strong in Swedish urban planning for
conservation, especially green space, since the environmental movement
has emphasized uniqueness and irreplaceability. Contemporary ideologies
based on existence value can then in fact be associated with postmodern
phenomenology and its concept of place, in other words “genius loci” (Norberg-Schultz 1980). Since every place is unique it cannot, theoretically at
least, be replaced by another place (Byggforskningsrådet 1994). There is
a slight tendency in neo-marxist thinking, such as Castells and Harvey, to
emphasize the life of place as it is, as an existence value. This reluctance
to change is likely to be explained as reluctance to exchangeability, i.e. the
translation from use value to exchange value (in monetary terms). But do
we have to fear this determinism? Change can also be socially driven, by
the vision of a better and more useful urban landscape. Less green space by
densification can actually mean more use values, since more people most
often means more possibilities for social interactions and events and more
open space investments (by public or private funding).
In the processes of urban densification public open spaces are decreasing
in size but most often increasing in use value. This is maybe the most evident
clue to why the sociotope map has been created and why it has got recent
attention. If we remove a certain amount of open space in an area how can
left over open space be improved and made more diverse, how can new use
values be superimposed? What combinations of use values are possible and
appropriate in a certain location? These are concrete questions that planners
and landscape architects working with urban densification face today.
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Planning for density and diversity
In many ways public open spaces, especially parks, in dense cities are similar
to Foucault’s concept of heterotopias, i.e. realized utopias. Foucault (1967)
discusses the garden as one of the oldest heterotopias, a single real place
that juxtaposes several spaces or sites that are in them selves incompatible. This is exactly what e.g. urban parks do. They juxtapose many different
lived and perceived spaces of the urban population. In other words these
spaces are layers of use values, layers of co-present interests and utilities.
And so they are in a way realized utopias, where children play along side
with adults, where different ideologies and genders meet, and where nature meet culture et cetera. It is not hard to be in agreement with Foucault
(1967) when he argues that a civilization without heterotopias is a society
where “������������������������������������������������������������������
dreams dry up, espionage takes the place of adventure, and the police take the place of pirates”.
Public urban open spaces obviously can have the function of heterotopias, not to say that they are free from conflicts and paradoxes, but to
understand why they are continuously produced and reproduced by urban
societies. I am thus arguing that the heterogeneous character of these spaces primarily can be comprehended as the multiplicity of use values, and the
sociotope map is very much an attempt to capture and represent this spatial
multiplicity. It is of course futile to claim that a map can totally comprehend
this diversity. A map is as stated by e.g. Lefebvre, a radical reduction of reality. The sociotope map nevertheless tries to show this multiplicity by listing
the different use values in every specific open space. And the map tries to
communicate local knowledge of the “space of place” which in a conventional planning process maybe not would be taken into account otherwise.
The Swedish legislated planning process is said to be communicative with
compulsory public councils, but experience tells us that when the councils
are held the most important design decisions have already been made by
the architects, developers and politicians, and there is often little possibilities to change a proposed design. The result is then often a conflict, which
results in either a project forced through or a stopped project. The debate is
hence often focused on “build or not to build”, rather than “how to build”.
Since there has been so many extensive conflicts concerning open space
densification, new models such as “compensation theories” or “principles
for balance” have recently been introduced in the Swedish planning discourse (Rundcrantz & Skärbäck 2003). These models have roughly two
main assumptions; first that changes of environmental quality, such as loss
of green space, is generally negative and second that “loss” has to be replaced
(somewhere else). A fundamental problem with this kind of compensation
ideology for green structure planning is that it is passive and stigmatizing,
most sadly for already disturbed low-quality settlements. “Compensation”
or “balance” can by definition never enhance value because it aims to preserve status quo. The reason to why compensation ideologies have been so
successful recently is very likely that they follow both environmental eth-
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ics and liberal logic, bluntly summarized as “the one who takes shall give
back”, be it to individuals or “nature”. But, as stated, urban open space is
much more socially complex than captured by cost-benefit analysis. To reduce open space to a simple case of quantitative exchangeability is missing
the prime goal of urban planning, that is; to grasp Lefebvre’s fundamental
enquiry: “Which are the socially successful places and which will they be?”
This is why the sociotope map was made in the first place, to cope with
complex urban space development and improvement, not to preserve existing conditions.
However, it still remains time, experience and research to understand
what impact and meaning the sociotope map have had. The recent success
can only be explained by need. A society which is turning increasingly postmodern, globalized and individualized can hardly plan, develop or grow
without knowledge of the common use values of space of place.
Notes
1. ”A biotope is an area of uniform environmental (physical) conditions
providing habitat(s) for a specific assemblage of plants and animals.
Used in this sense, “biotope” is really synonymous with the term “ecosystem”. However, some ecologists would limit the term to encompassing only physical environmental factors; essentially meaning: the habitat
of a community of organisms. Thus, a species has a certain habitat, but
the group of species that share an ecosystem with that species, share a biotope. Just as a habitat is the place where a species is found, so a biotope
is the place where a specific biological community is found.” (http://
en.wikipedia.org/wiki/Biotope)
2. The Stockholm Urban Planning Administration put out three reports
and handbooks on the sociotope mapping model in the course of three
years (Stadsbyggnadskontoret 2000, 2002, 2003).
3.	����������������������������������������������������
The EEC-financed research project GREENSCOM (Communicating Urban Growth and Green) writes in their final report:
”... As an instrument we can say that it [the sociotope map] is:
I. Socially sustainable: Since its’ very intention is to enhance the significance of public structures, better public structures and services and their
accessibility and work for empowerment of citizens. As a planning instrument it opens multiple fields of action. It is especially intended to
make room for the users field of action, life world which means daily
life, since it actively goes in search of life world values and is intended
for citizens to put to use in their daily life. It also implies new agencies.
First of all the making of the greenmap requires collaboration between
different experts. Secondly, it makes room for the citizens in the planning process, and this user agency is intended to be continuous, not one
consultation. With what success these new agencies are realised should
be visible within a short time.
II. Communicatively sustainable: It allows for multiple fields of action,
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and diverse meanings. It also gives time, since it is not a once and for all
mapping and evaluation, but an ongoing process. It is indeed meant for
gaining a comprehensive view that has significance at local level. Further
more, it is intended to prevent deadlocks in communcation.”
4.	��������������������������������������������������������������������
In Sweden’s biggest daily newspaper Dagens Nyheter (2000) the sociotope map was described as a powerful tool to notice open space use
values when developers suggested exploiting open space. The journalist
used phrases like “great sociotopeic values” and “a diverse sociotope”.
5.	���������������������������������������������������������������������
All these user surveys are summarized in “Sociotophandboken” (Stadsbyggnadskontoret 2003, in Swedish).
6. This is fundamentally different to the kind of park character mapping
developed by open space researcher Patrick Grahn and so extensively
used by municipalities all over Scandinavia (Grahn & Sorte 1985).
7. All sociotope maps of Stockholm City can be downloaded from www.
stockholm.se.
8. Illustration by Henrik Markhede.
9. This can however be regarded as a reduction of Lefebvre’s ideas. What
this “thirdspace” really is can been questioned. If it captures and integrates everything, it is also nothing, as argued by Barnett (1997).
10. “Crime Prevention Through Environmental Design” is a growing field
of policies, an organisation and a research programme (http://www.
cpted.net). In Sweden the handbook Botryggt05 is of the same caegory
(http://www.botryggt.se).
11. The concept use value is most commonly referred to Adam Smith, but
also in urban theory to Marx (1867/1999)
12. See e.g.. Boverket. 1994
13. For example; workers demonstrations at Gärdet 1890,” The Elm-fight” in
Kungsträdgården in 1971, Reclaim the street-demonstrations in Björns
trädgård. 2003.
14. See e.g. ”Our common future” (World Commission on Environment
and Development 1987)
15. See e.g. Stockholms läns landsting 1992
16. Ståhle 2000, Stockholms läns landsting 2001, The research project
”Landskapets upplevelsevärden” (http://www.lpal.slu.se/projekt/p157.
htm)
17.	���������������������������������������������������������������������������
It can for example be the structure of biotopes, also called the “ecological infrastructure” (Löfvenhaft & Ihse 1998).
18. See e.g. Ariansen 1993
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1. Introduction
This article does not intend to define or construct a comprehensive theory
of urban territoriality. Rather, it aims to illustrate a theoretical expedition
into some empirical observations of the contemporary urban landscape, a
diffuse and fuzzy territoriality.
In contemporary urban theory, it is common to start from Foucault’s
(1980) straightforward definition of territory as an “area controlled by a
certain power”. Commonly used in human geography, sociology, and architecture theory, Sack (1986) defines territory ”…territoriality will be defined
as the attempt by an individual or group that affects, influence or control
people, phenomena and relationships by delimiting and asserting control
over a geographic area. This area will be called territory.” Sack is one of several influential social scientists (such as Foucault, Habermas, and Lefebvre)
that describe how modern capitalist society has evolved through territorial
transformations.
In the 20th century, modernist urbanism created suburban squares,
parks, roads, and pathways. This urbanism, however, also created, sometimes unconsciously, other sorts of in-between-spaces like the “Brachland”
of highways, leftovers of brownfields, vacant lots, and bits of nature (Cupers
& Miessen 2006, p. 55). These spaces were and still are very public spaces
accessible for everyone, but they are also particularly uncontrolled because
of their remoteness to public presence and private interventions. Cupers
and Miessen call these spaces the margins, places that allow minorities and
people who live alternative lifestyles to act without being disturbed.
Some of the 20th century in-between-spaces, however, are of another
kind; maybe they were once public, but are not any more. Because society changes, at the moment towards a more liberal state, they have become
something else. I have chosen to call these kinds of spaces ambiterritories.1
The Latin prefix ambi- means “both sides” and exists in words like, ambiguity and ambivalence, referring to something that affects both sides and primarily to vagueness and uncertainty. In my experience, ambiterritoriality
is often left out of contemporary urban debate because it represents smallscale phenomena. As a matter of fact, this paper suggests that it produces a
large-scale dilemma for contemporary urban life and urban planning, development, and management.
2. Exploring the ambiterritory
In short, my claim is that ambiterritory is best described as no-man’sland. This concept is yet a deceitful one. Cupers and Miessen and other
contemporary theorists claim that no-man’s-land means “neutral areas …
not claimed officially … not subject of the control of individuals and institutions” (Cupers & Miessen 2006, p. 92). Is this really the common used
meaning of the word no-man’s-land? One can argue that it is not and that it
is much closer to what is written in Wikipedia.
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Figure 1. Photographs of ambiterritory in post-war morphologies in Stockholm.2

“No man’s land is a term for a land that is not occupied or more specifically land that is under dispute between parties that will not occupy it because of fear or uncertainty. It is also a term for the stretch
of land between two border posts, between when one exits one country at their border post and when one enters the next country at their
border post, usually just a few metres away, though at some (usually
remote) border crossings it can be measured in kilometres”. (Excerpt
from http://www.wikipedia.org, viewed Sept. 2006)
Hence one can simply say that there are two types of uncertainties in urban open (outdoor) space. The first one creates opportunities and freedom
(public space and margins), and the other one creates confusion and conflict (ambiterritory). The first uncertainty depends on both a stabile democracy that secures public space and on the lack of territorial control of the
margins. The second negative uncertainty appears when territorial interventions collide, when there are fuzzy and unclear situations between territorialities.
To pinpoint what is really in conflict here, the concept of territoriality
must be dissected. Latour’s Actor-Network-Theory can be used as a tool to
explore territoriality. Latour, whose ideas are similar to Foucault’s ideas of
how power is produced and reproduced, emphasizes that power is constantly undergoing redefinitions and change. Latour extracts power relations in the network of actors, which can be both people (human actants)
and artefacts (non-human actants). It is these networks that through history produce territoriality (Latour 1998). More fixed territorialities, such
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Territorial powers
Territorial space

Lived
Human actant
Presence in space

Perceived
Non-human actant
Material space

Conceived
Rights
Property/Plan

Table 1. A typology of territorialities inspired by Lefebvre’s triad of space.

as the playground, are the consequence of stabilized networks. The sandy
pits, the play equipment, and the run down bushes are non-human actants, landscape architect, maintenance personnel, children and parents are
all human actants that transform a specific playground to a specific territory. A territory that is inhabited by strong non-human actants is evidently
more stabile. Social anthropologist Edward Hall calls this a “fixed-featured
space”; he calls a territory that is temporarily occupied “informal space”
(1966, pp. 101-111).
With a starting point from Actor-Network-Theory, one can start searching for the active components of ambiterritory, the combinations of territorialities and spatialities that probably create this negative uncertainty.
A first basic division of territorialities can be made from Lefebvre’s triad of
space– the lived, the perceived, and the conceived (1991, pp. 38-39) and then
applying them to territorial powers and territorial spaces.
Although Table 1 is a crude simplification (e.g., people can be perceived
in space), it helps to sort out some basic categories of territoriality. Lived
territoriality, which is territory created by human presence (human actant)
in space (informal space); Perceived territoriality is created by material objects and artefacts (non-human actant) in space (fixed-featured space); and
conceived territoriality is created by law and spatial rights defined by property or plans. One possible definition of ambiterritory is thus the mismatch
between these territorialities. Each of these territorial powers and spaces
can however also be sorted by the social character of actors, e.g., whether
public or private or something in between. The conflict between public and
private territorialities (lived, perceived or conceived) can be another way of
identifying ambiterritory.
2.1. The private vs. the public
Figure 2 plainly illustrates this paper’s assumption of how territorial interventions possibly shape ambiterritory in urban environments. It is focused
on the explanation of ambiterritory in urban open space and is not at all a
complete model of territoriality.3
The diagram’s simple proposition is this. When there is strong private
territorial control by individuals or a specific group and no or little public
presence, there is private territory. In addition, with strong public presence
and with little individual control, public territory is created. When there
are a little of both, the margin appears. When there are a lot of both, most
likely a ‘flip’ situation occurs where it is either the private or the public that
becomes the dominating territoriality. The hypothesis here presented is that
when there some of both a potentially confusing and negative uncertain-

Paper III: Exploring Ambiterritory

Figure 2. Interventions between private and public territorialities (lived, perceived or conceived) and the
production of ambiterritory (lived, perceived or conceived).

ty can appear. Who is using this space? Who is claiming this space? Who
has the rights to use it? These are questions that arise from ambiterritory.
“Who” is the actor? In the search for ambiterritory, actors are from now on
principally labelled private or public.
In political economy, public goods are defined as accessible to many
people, non-excludable. Public goods are also non-rivalrous, which means
that any consumption will not reduce the amount of the goods available for
consumption by others (Samuelson 1954). Public space and margins are
theoretically public goods. Private goods are the opposite. They are excludable and rivalrous. Any consumption reduces the good available for others. Although urban space is never pure private or public, these economic
concepts capture the essence of what is private and public. A remark on
the commonly used words “semi private” and “semi public” space has to be
made here. From the point of view of political economy there is no thing
as “semi”. There are only different sizes of groups attached to goods, thus
labelled club goods. For the sake of argument club goods is in this paper
sorted under private goods. As a matter of fact ambiterritory could also be
called semi private or semi public space, which adds to the confusion of
these concepts.
To understand why certain things such as urban space turn private or
public by human actants and non-human actants, its social character must
be scrutinised. Table 2, with support from contemporary social theory and
architectural theory, describes the production of private and public territorialities in a generalized model. The principal aim of this model is to search
for ambiterritory. This is why it is not in any way a complete territorial diagram. As shown in Table 3, Table 2 further develops Figure 2.
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Actor
Actor network
Private
Public

Compact Sprawl
Intervisibility
Human actant
Temporal
by human
Supervision
Co-presence

Non-human actant
Stabilized
by artefacts
Building
Spatial integration

Use
Human actant
Temporal
by human
Occupation
Movement

Non-human actant
Stabilized
by artefacts
Things
Street/Entrance

Table 2. Human actant and corresponding non-human actant production of territorialities defined by intervisibility and use.

In the search for ambiterritory, the private and the public is characterized by two basic social entities–intervisibility and use. Their territorial
power is translated from its human actants in space into its corresponding
non-human actants in space. Let us start with how public territoriality is
maintained through intervisibility in urban space by co-presence.
2.2. Public territorialization
In Simmel’s essay “The Stranger” (1908) there is a point of departure for discussing public territoriality. The fundamental characteristic of ‘the stranger’
is in Simmel’s meaning “no owner of soil”– the opposite of private territoriality. A stranger is not just anyone unknown. The unknown becomes the
stranger according to distance. The closer the unknown individual gets to
you, the more that person becomes potentially strange or alien. There seem
then to be a relationship between accessible population and the production
of strangers. The denser and more integrated an area is, the more potential strangers you will encounter and the higher the mutual co-presence in
space. High co-presence, or high intervisibility between people, should be a
most basic character of public human actants in urban space.
What about the public use of space? Simmel also describes the stranger
as “fundamentally mobile”. When people are moving in space and not situated or occupied in space, more public-ness than private-ness is produced.
Similar to co-presence, the more people moving, the more public space is
being produced. Clearly, movement is not the only way the public exists
in urban space. Parks and plazas are truly public and not only for movement. Their publicness certainly grows from the multiplicity of users and
use values, or in Foucault’s words, heterogeneity in space (1967). This kind
of publicness is not addressed in this paper’s framework for ambiterritory.
What is then the corresponding non-human actants (artefacts) to these
public human actants? Concerning movement, the material equivalent in
cities is obviously the street and its entrances. The street is really the symbol
for the collective interest of getting around in the city, but even a pathway
in a park contains similar territorial connotations. Entrances are the most
fundamental interface between the interior space (private) and the exterior
space (public). Hillier claims, a compatible to Simmel’s arguments, that
“Interiors tend to define more of an ideological space, in the sense
of a fixed system of categories and relations that are continually reaffirmed by use, whereas exteriors [open space] define a transactional
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or even political space, in that it constructs a more fluid system of
encounters and avoidances which is constantly re-negotiated by use”.
(Hillier & Hansson 1984, p.20)
Exterior space in cities, primarily the streets, seems to have something generally public about it, and it is basically due to the multiplicity of users and
the density of movers and of strangers. The degree to which an urban space
is fronted with entrances, what also is called constitution in space syntax
theory, can also represent the potential number of movers into that space
(Hillier & Hanson 1984, Hillier 1988).
Understanding non-human actants as they are related to co-presence is
a little more structurally complex. Hillier establishes that people co-present
in a space create a “virtual community”. The size of this virtual community should, in relation to Simmel, also depend on the number of people
present in the same space. Connecting to space syntax research on spatial
configuration and movement one can argue that spatially integrated - i.e.
highly accessible-streets and pathways that produce a lot of co-presence of
strangers also appear more public. It can therefore be claimed to capture a
sense of centrality (i.e. a sense of publicness) from the highly integrated and
central to the more segregated and isolated (square 2:2). This proposition
seems even more conceivable since integration analysis rests upon axial
space, i.e. configurations of spaces where everyone is co-present.4 A further development in the investigation of the centrality of open spaces has
been proposed by Cutini (2003), which adds spatial clustering co-efficiency
to integration.5
2.3. Private territorialization
In search for ambiterritorial privatization of space by intervisibility, it can
be analysed as somewhat the opposite of the public. Private control of space
by an individual or a specific group is rather a situation characterized by supervision (square 1:1). On a societal level, the characteristics of supervision
have been thoroughly described by Foucault (e.g. Panopticism from 1997).
On the individual level one can turn to Hall, which shows that people are
constantly surrounded by a personal territory that creates an “informal
space” wherever the person is present. This informal space is best described
in terms of different distances from the individual. Hall divides this distance into four major categories: intimate (0-0.5 meter), personal (0.5-1.2
meter), social (1.2-3 meter), and public (>3 meter). The distance that is of
most interest here is what is called far phase public distance, a distance that
is 10 meters and more. At this distance “…meaning conveyed by the normal
voice are lost as are the details of facial expression…Much of the nonverbal of
the communication shifts to gestures and body stance” (Hall 1966, p. 125). It
seems that true private informal space absolutely ends at 10 meters.
What can be a corresponding materialized non-human actant to this
phenomenon of informal space? What is frozen supervision in the city.
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HIGH
LOW
NONE
PRIVATE

Compact Sprawl
Enclosed property
Appearance of things
Close building
No things
Distant building

High Occupation
Supervision
Little Occupation
Supervision
No Occupation
Supervision
HUMAN ACTANT

NON-HUMAN
ACTANT
TERRITORIALITY PUBLIC

PRIVATE

PRIVATE

PRIV / PUBL

PRIVATE

AMBI

PUBLIC

MARGIN

PUBLIC

PUBLIC

No Co-presence
Movement
No Accessibility
Far street
NONE

Little Co-presence
Movement
Little Integration
Distant street
LOW

High Co-presence
Movement
High Integration
Close street
HIGH

Table 3. Interventions between private and public territorialities and the production of ambiterritory by human actants and corresponding non-human actants.

For Newman, as with Foucault, buildings and their windows can present
a strong territorial control (square 1:2). Buildings can be placed so that an
open space is under constant surveillance by the eyes of windows (Newman
1972, pp. 110-111).6 As with Hall, this private non-human actant of supervision should work within about 10 meters of every building.7
Lastly, turning to the issue of privatized space by use, it can also be characterized in opposition to what is public. If public territoriality by use is
associated with movement, private territoriality can be defined by the occupation of space (square 1:3). This is the basis for Hall’s space concept.
Informal space is first of all occupational space. In addition, private occupation is defined as space used by few people. What are the corresponding
non-human actants that occupy urban open space? Traces of occupation in
urban space is most commonly in the shape of, to use Hall’s terminology,
semi-fixed objects such as chairs, benches, blankets, children’s toys, as well
as fixed objects such as signs, plants, and pavement. On public property,
these objects come and go temporarily due to public maintenance and authority. Newman (1972, p. 63) emphasizes physical accessibility that creates
private territory as well as symbols.
Table 3 (a development of Figure 2 in Table 2) basically summarizes the
article so far. In terms of human actants, when there is some private occupation and/or some private supervision at the same time as there is some
co-presence and/or movement, there is probably ambiterritory. In terms of
non-human actants, ambiterritory is probably present in a space that has
some private things and/or is close to a building and at the same time has
little spatial integration and/or is far from streets or entrances.
3. Observations and study areas
Territorial phenomena are difficult to observe and correlations are hard to
find. This is especially evident when it comes to ambiterritories since they
are basically non-events. The basic anthropological character of ambiterritory is that nothing is happening there. Qualitative studies, such as interviews or questionnaires, seem a way to grasp ambiterritory. In extensive
field studies in 2000-2006 in Stockholm (Ståhle 2006), I observed these
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Study area
Norrmalm
Östermalm
Södermalm
Skarpnäck
Årsta
Högdalen
Rågsved
Gamla Enskede
Stureby
Örby

Floor
Area
Ratio
2.24
2.18
2.03
0.45
0.50
0.52
0.44
0.19
0.13
0.13

Total
property area
(ha)
64.29
67.41
60.18
40.22
54.23
53.38
51.91
57.25
74.38
75.64

Mean prop- Number of
erty size (ha) properties

Number of
entrances

0.10
0.10
0.13
0.40
0.25
0.45
0.46
0.06
0.08
0.08

1395
1475
1283
519
770
754
519
1249
1098
1186

632
695
481
100
216
118
112
956
897
983
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axial
Number of Mean
length
axial lines line
(meter)
104
258.06
64
379.50
131
221.07
280
111.25
296
108.53
435
100.00
337
102.88
170
167.55
143
162.05
134
168.87

Table 4. Spatial data for the study areas

spaces and was startled by their non-use. These observations, together with
my background as a park planner within the city’s urban planning department in 2002, raised these crucial issues about open space users and management.8
3.1. Study areas–ten city districts
To research ambiterritories, ten 100-hectare study areas were chosen for
in-depth GIS-analyses based on the theoretical framework. The areas can
be put in four morphological groups. Within every group, there are morphological differences, which are in themselves interesting.
- Urban grid area: Norrmalm (1600-1800), Östermalm (1600-1800), Södermalm (1600-1800)
- Post-modernist area: Skarpnäck (1982-94)
- Modernist area: Årsta (1943-50), Högdalen (1953-56), Rågsved (1956-59
- Villa area: Gamla Enskede (1910-1930), Stureby (1920-1930), Örby (19001930)
The spatial characteristics for the study areas are quite significant. For example, the urban grids have high density, little private property, small property sizes, large number of properties and axial lines in comparison to the
modernist areas. The villa areas are similar to the urban grids, but they are
less dense and have smaller properties. The postmodernist area is a mix of
the urban grid and the modernist area.
3.2. Photographs
During 2006, I have often visited the study areas for observation.9 During
these visits, I photographed territorial or ambiterritorial phenomena.
Picture 5 of the urban grid (Östermalm, Norrmalm and Södermalm)
shows typical urban form of blocks, streets, and parks. Almost everywhere
public property open space is bordered by public streets, except in institution areas (e.g., schools) and modernist in-fill. Södermalm is the inner city
area where you find most post-war in-fills (Marcus 2000). The villa and garden city areas (Gamla Enskede, Stureby and Örby) are set in a grid (Picture
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Figure 3. Photographs 5-8 from upper left; Östermalm, Gamla Enskede, Årsta, Högdalen.

2). Picture 3 and 4 of the post-war modernist areas (Årsta, Högdalen and
Rågsved) clearly show how the Le Corbusian concept “buildings-in-a-park”
have created diffuse space and potential ambiterritory.
4. A framework for ambiterritorial analysis
A proposal of two types of ambiterritorial productions is presented here:
Goods ambiterritory (Type A) and Legal ambiterritory (Type B).
4.1. Type A: Goods ambiterritory
Ambiterritory has so far been defined as the mismatch or conflict in lived
and perceived space, such as goods or use values, in terms of the divergence
of private and public territorialities defined by intervisibility and use. When
sorting the human actants and non-human actants that create this negative uncertainty by intervisibility and use, as done in Figure 4, two types of
ambiterritory appear.
One could be called ‘disturbed public ambiterritory’ (A1) – public use of
space (here movement) is interfered with private supervision. One could be
called ‘disturbed private ambiterritory’ (A2) – private occupation of space
is interfered with public co-presence. It is also possible to identify the characteristics, or rather the absence of them, of the margin. Pure public territory appears as the interplay between high movement and high co-presence.
Pure private territory appears as the interplay between strong supervision
and strong occupation. The word pure is used here because it relates to the
economic concept of goods. Ambiterritory is hence a strange good, which
is partly rivalrous and partly excludable.
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Figure 4. Interventions between intervisibility and use that create two different ambiterritories.

4.2. Type B: Legal ambiterritory
If there is pure public territory for the citizens or users of the city, there
can still be a problem for society. Since “the purchase of private property
rights secures exclusive rights to dominate a parcel of space” (Harvey 1989, p.
197), there is a democratic justice and an institutional efficiency problem if
(B1) public authorities own and maintain the land but is in some way private goods or if (B2) a private company or individual owns and maintains
the land but is in some way public goods. Figure 5 illustrates this simple
contradiction, where B1 is called public pseudo-property and B2 is called
private-pseudo property.
The obvious situation when type B ambiterritory appears is when property borders are not visible or hard to locate in the urban landscape. If the
goods territories overlap property space in a contradicting way, then complications for private as well as public maintenance probably arise. Theoretically, this means a cost for society, both private and public managers.
5. GIS-analyses
Based on the described ambiterritorial theory, it is possible to construct a
GIS-model to identify possible ambiterritory in ten morphologically different city districts in Stockholm. Because the municipality of Stockholm
has a great deal of available GIS-data, it is possible to do relatively detailed
GIS-analyses.
5.1. Analyses
The method of recognizing potential ambiterritory in GIS basically consists
of three steps:
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Figure 5. Interventions between spatial property and spatial goods that
create two different pseudo-properties.

1. Select the user’s space (private or public).
2. Select the visual interference from disturbing non-human actants.
3. Subtract the intervention from counteracting ‘flip’-actants.
The first step 1) defines ‘the disturbed’. The second step 2) defines the disturbance. The last step 3) defines different sorts of protection from the disturbance in the form of counteracting non-human actants that probably
will ‘flip’ ambiterritory over to pure private or public territory. Because the
strength of ‘flip’-actants is not obvious, the analyses are made by gradually adding one ‘flip’-actant at a time and gradually minimizing potential
ambiterritory.
5.1.1. Type A1 - disturbed public ambiterritory
Disturbed public ambiterritory is selected in GIS as follows:
1. Select all public accessible open space.
2. Select space that overlaps 10 m buffer of private buildings (> 50 m2).
3. Subtract 10 m buffer streets (A.1.1), entrances (A.1.2), and pathways
(A1.3).
A1 analysis shows clearly that the modernist areas suffer from disturbed public ambiterritories. For example, Årsta could have 4-8 hectares of the study
area (depending on the power of ‘flip’-actants). This means 4-8% is nonusable space, possibly “waste of space”. In Östermalm, 0.2-0.3 % is disturbed
public ambiterritory, found in institutional areas or post-war in-fills.
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Figure 6. Results of analyses A11, A12, and A13. Chart shows possible disturbed public ambiterritory in
hectares within study areas. Maps show disturbed public ambiterritory (in dark grey) in parts of Norrmalm,
Årsta, and Stureby.

5.1.2. Type A2 - disturbed private ambiterritory
Since there is no available data on private things in urban space such as
fences, hedges and furniture this analysis is difficult to execute. However,
the results from B2 and A1 could together be associated with A2 since it is
very likely that private things, such as chairs, tables, and plantings, in public
accessible open space appear close to private buildings and/or on private
property. This proposition also emphasizes that ambiterritory always works
both ways, simultaneously disturbing the private and the public.
5.1.3. Type B1 - public pseudo property
Public pseudo property is selected in GIS as follows:
1. Select all public property open space.
2. Select space that overlaps 10 m buffer of private buildings (> 50 m2).
3. Subtract 10 m buffer streets (B.1.1), entrances (B.1.2), and pathways
(B.1.3).
B1 analysis shows clearly that the modernist areas suffer from public pseu-
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Figure 7. Results of analyses B11, B12, and B13 (in dark grey) and public property (dotted). The chart shows
public pseudo property in hectares within the study areas. Maps show public pseudo property (in grey) in
parts of Norrmalm, Årsta, and Stureby (public property is dotted).

!

do-property. Again Årsta could have 0.9-1.4 hectares of the study area,
which means 7-12% of public property open space could be contradictory
to public space management, i.e., possibly “waste of maintenance”. In Östermalm, public pseudo property open space is 0.05-0.7%.
5.1.4. Type B2 - private pseudo-property
Private pseudo property is selected in GIS as follows:
1. Select all publicly accessible private property open space.
2. Select space that overlaps 10 m buffer of low integrated streets and pathways (axial lines which belongs to the lower 90% in radius 6-integration
analysis seem to capture this best).
3. Subtract 10 m high-integrated streets and pathways (B.2.1), 10 m buffer
of public buildings (B.2.2).
B2 analysis shows clearly that the modernist areas suffer from private pseudo-property. Högdalen could have 7.6-8.1 hectares in the study area, which
means 14-15% of private property open space could be contradictory to
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Figure 8. Results of analyses B21 and B22. The chart shows private pseudo property in hectares within
study areas. Maps show private pseudo property (in dark grey) in parts of Norrmalm, Årsta, and Stureby
(private property is dotted).

!

private property managers, i.e., possibly “waste of maintenance”. In Östermalm, private pseudo property open space is 0.2-0.5%.
6. Empirical data
As mentioned, it is difficult to find empirical data to support findings on
territoriality. One way to efficiently obtain comprehensive knowledge is to
go to experienced professionals. To obtain this information managers of
public property open space was interviewed. Their experience in what spaces work and do not work and what they have to maintain due to wear and
tear are very valuable when it comes to capturing a non-event phenomenon
such as ambiterritory. The five head managers of the chosen city districts
were interviewed by telephone. Two major questions were discussed: Is
public property in open space easy to find for managers? Is public property
visible in open space for citizens?
As seen in the chart below, the answers were quite clear and unambiguous
although every respondent have different views and experiences of open
space users and management.
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Study area
Östermalm

Property appearance
for managers
Yes, to a great extent

Territory appearance
for users
Yes, to a great extent

Norrmalm

Yes, to some extent

Yes, to some extent

Södermalm

Yes, to some extent

Yes, to a great extent

Skarpnäck

Yes, to a little extent

Yes, to some extent

Årsta

No

No

Högdalen

No

No

Rågsved

No

No

Gamla Enskede

Yes, to some extent

Yes, to a little extent

Stureby

Yes, to some extent

Yes, to a little extent

Örby

Yes, to some extent

Yes, to a great extent

Table 5. Answers on the questions: Is public property in open space easy to find for managers? Is public
property visible in open space for citizens?

It is quite evident that urban grids and villa areas seem to be easier to
manage and easier to “read” for citizens than the modernist areas. Some
characteristic quotations about modernist areas are as follows: “It is often
impossible to see the property border here…you need a map to measure
it out…as a common citizen you would never see them”; “Isolated spaces
close to residential buildings are not used by the public�����������������
”; “�������������
Lawns are divided in half ”; “It takes time to learn this area”; “If we change maintenance
personnel, we would have a big job educating them.” Quotations about the
urban grids and villa areas include the following: “There are no problems
identifying what is public property here”; and “With maps, it is an easy task
for an entrepreneur to learn the area”.
7. Discussion
The framework for ambiterritorial analyses suggested in this paper must
nevertheless be considered as an initial theoretical sketch, far from being
complete. There are still many factors left out and uncorrelated. Many of
the initial assumptions do not rest on firm empirical ground, such as the
relation between co-presence and spatial integration. There are many other
spatial analyses that could be used here, such as the convexity of space, clustering co-efficient or control.10 But there is also a risk in making the model
too complex and hard to comprehend. A researcher that engages him or
herself in territorial issues must accept its fuzzyness. A fundamental difficulty is the limitations in getting quantitative empirical data. Especially
ambiterritory seems to be a rather qualitative entity.
Hypotheses and preliminary findings here presented nonetheless indicate that what has been called ambiterritoriality ought to be something
worth further investigation and that GIS can be a very useful tool. For one
thing, there is a need for problematizing the debate on public space and
margins, not only from the popular point of view of commercialism, as
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done by urban theorists like Richard Sennet, Sharon Zukin, Michael Sorkin, Manuel Castells, Mike Davis among others, but also from a point of
view of co-presence and use, as introduced by for example Henri Lefebvre.
This paper’s investigations show that not only “defensible space”-theories
are applicable, many space syntax-theories are too.
Although territorial issues have not been in the forefront of space syntax
it is beyond doubt that the configurational theories developed by Bill Hillier
and others can make considerable contributions to this field of research. Take
for example the concepts so commonly used in urban research and urban design practice “semi private” and “semi public”, which clearly lack distinction.
Space syntax-theory has great potential to put territoriality into new light.
Notes
1. This phenomenon has been briefly observed and commented on by architectural theorists like Oscar Newman (Newman 1972, p. 52) and Jan
Gehl (Gehl 1980, p. 63).
2. Photograph 1 is taken in Rinkeby, a modernist area from 1960s, from
spaces that are accessible to the public. Photograph 2 shows a public
accessible space in Tensta, a modernist area from the 1960s where the
residents have built their own small gardens along the private façade
creating a disturbed private ambiterritory outside. Photograph 3 shows
Gärdet, a modernist area from the 1930s. It is typical private pseudoproperty. The woman in the picture is pruning the green space on her
property. This space, however, is clearly publicly accessible and property borders are not visible. In an on-site interview, she states that it is
very disturbing when people walk across “their” lawn and that they very
seldom use this space because of this disturbance. Photograph 4 shows
typical public pseudo-property in Tensta. The lawn has been cut along
side the building on private property, but not on the public property. The
property border has suddenly become visible by maintenance.
3. It is furthermore not evident how it is applicable to indoor spaces, such
as a commercial shopping mall.
4. These ideas of a “territorial syntax” has also been discussed by architecture theorist Mattias Kärrholm as a reflection on Kim Doveys work on
territories and space syntax (1999, p. 23).
5. This model of analysis has however not been tested in this paper due to
limitations in VGA-software.
6. Although one can criticize his design principles for being too simplified,
only taking the benefits of “defence” as starting point and not the benefits from intervisibility and social integration (Hillier & Sahbaz 2005).
7. A peculiar detail in Swedish and Nordic territorial culture must be noted here. In Sweden, the national law of “The right to common access“
(Allemansrätten), which states that everyone has right to access nature
irrespective of ownership; this right is reduced within a certain radius
of building. This radius is by practice between 10-20 meters. In Swed-
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ish planning practice, this conceived private space around a building,
which is not affected by “the right of common access”, is called “tomtplats”. Even if this conceived law is mostly exercised in the countryside,
it is common knowledge and culture among most Swedish citizens. It is
unclear how the law should be interpreted in suburbia, but one can certainly say that the conceived idea of “common access” is largely present
among the Swedish urban population.
8. In 2000-2002, I made an extensive open space survey in Stockholm in a
project called Stockholm Sociotope Map. The survey meant on-site observations of all open space within Stockholm municipality. For a methodological description of the project, see Stadsbyggnadskontoret 2003
(in Swedish). All sociotope maps are downloadable from www.stockholm.se (Stadsbyggnadskontoret 2002).
9. These areas have also been studied in my earlier licentiate thesis work
(Ståhle 2005).
10. These are spatial measures used in the computer software Depthmap –
available at www.spacesyntax.org.
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1. Introduction
Two prevailing urban planning schemes – densification and sprawl – have
dominated the 21st century. These strategies, which have obvious consequences for green and open space, have frequently led to deadlocks in planning, especially concerning green space exploitation. This conflict describes
the well-known and long-debated dichotomy within urban planning and
design: ‘dense’ or “green’. If Nozzi (2003) thinks that transportation planning is the key to cope with sprawl, the findings presented in this paper
show that open space planning can be just as powerful a tool to manage
urban growth such as a qualitative densification of sprawl.
The strong dichotomy ‘dense’ or ‘green’, which I will claim can be very
misleading, is illustrated by the urban theorist Henri Lefebvre’s observation
(1985) that there is a conflict between “the right to the city” and “the right
to nature”. In planning processes, this antithesis can roughly be said to be
represented by “the urbanists”, who fight for urban businesses, housing, social integration et cetera., and the “the environmentalists”, who fight for the
conservation of green belts, parks, and open spaces in the city.
Much has been written from the urbanist side of architecture and planning theory by both neomodernists and new urbanists (e.g., MVRDV
1998, CNU 1999) to diminish or question the need or importance of green
in cities, a claim that often is placed in relation to the modernist planning
paradigms (e.g., CIAM, Le Corbusier, Walter Gropius). There has also been
recent research showing correlations between the amount of green space
and the accessibility to service, which emphasises the idea of an absolute
relation between green space and urban quality (Reneland 1999).
The environmentalist side exists mainly on two levels: on the national
policy level (e.g., NGOs like Sierra Club in the USA or GOs like English
Nature in the UK) or on the local action group level, which is often been
described as Not-In-My-Backyard groups (NIMBY). Both levels are well
interconnected and also well informed about recent science mostly concerning ecology, transportation, and medicine. The strongest conservation
arguments put forth principally concerns about biodiversity and health
(e.g., World Commission On Environment and Development 1987, Ulrich
1984, Kaplan & Kaplan 1989).
This fight between ‘dense’ and ‘green’ has been going on ever since the
birth of modern planning, and one can almost say that it is part of the origins of modern planning theory, roughly beginning with the 19th century
regularism. The first regularists, Baron Haussmann and others, were to a
large extent dealing with open space structuring. Green and open space
was also one of the fundamentals in Ebenezer Howard’s famous diagram
for the town-country (1945), and Le Corbusier’s idea of “La ville verte” - the
green city. They have all tried to merge ‘dense’ and ‘green’ and have claimed,
as Raymond Unwin did 1912 and as Richard Rogers and Richard Burnett
do today (2000), that “[d]ensity has little to do with overcrowding or town
cramming. It has everything to do with design of the environment”. Being
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in a postmodern state, we now ask these questions: What have we learned
from these theories? Which theories succeeded and which did not?
Many urban researchers have shown that the 20th century sprawled city
is suffering from many social and environmental maladies. Dolores Hayden
(2003) among others argues that it is this existing sprawl that is the most
critical urban design and planning task for the 21st century. This leads to the
question of how to re-urbanize suburbia, to “grow the city inwards” (Stockholms stad 1999). Following from this question, Dutch architects at Xaveer
De Geyter (2002) claim in their book After sprawl that the most pressing
question is this: What to do with the open space structures of suburbia? Since
most open space that can be exploited in cities, in terms of surface area, is
“green”, this paper focuses mainly on public green space.
Efficient green space structure design is consequently one of the crucial
issues of “smart growth”. Anyone working with urban design knows that
urban development on green space is not always bad for the “green”. It could
be that less green space can be restructured and better distributed spatially.
In this paper, which is a summary of my licentiate thesis (Ståhle 2005), I
have tried to analyze how and when this may be the case and there are a few
findings that question much of the conventional dense-green dichotomies.
I have used a combination of space syntax research and geographic accessibility research in what has been called the ‘Place syntax model’ (Ståhle et
al. 2005) to develop new measures of green space structure analysis. The
Place syntax model enables new types of green space accessibility analysis
that is evidently more realistic than any of the conventional green space
measures used in urban planning and design. In this paper, evidence is presented that new combined measures can highly correlate with users’ experience of green space accessibility, an approach that makes critical relations
between experience and urban form more clear and pinpoints how green
space structure design can support sustainable urban development.
2. Methods
2.1. Common green space measures
There is little doubt that green and open space is a vital part of sustainable
urbanism. There are practically no cities, or planning for that matter, that
exist without parks and squares. The precious question is how to deal with
it, how to plan and design it.
Since the birth of modern planning, quantitative measures and standards for open space have been successively developed to define density and
attraction in urban settlements. One of the first theorists in the field was
Richard Baumeister who 1876 claimed that open space area per person is a
rough but useful measurement of attraction. This is what one could call an
area measure. The German researcher Anton Hoenig introduced the open
space area ratio in the 1920s, which is calculated by dividing open space area
with total floor area (instead of persons). This measure came to be very in-
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fluential in the modernist planning movement, not at least for public planning policies in the Nordic countries. Patrick Abercrombie’s Greater London Plan from 1944 contains guidelines that parks and playfields should be
at least 40 sqm per person. These are all area based measures. The need for
children’s playgrounds became one of the driving forces for the development
of open space standards. The Stockholm General Plan from 1952, which in
many ways is much a replica of Abercrombie’s work, introduced new standards for playground accessibility: 300 meters was set as maximum distance
to playgrounds based on a questionnaire to kindergartens in Stockholm.
This is what one could call an accessibility or location based measure.
During the 1960 and 70s, greater systems of open space standards were
developed, mixing different kinds of measures. To conclude, two basic types
of measures have been used and are in principle still in use by National Recreation and Playground Association in USA (Lancaster 1987), European
Common Indicators in the EU (ECI 2003), English Nature in UK (Harrison
et al. 1995), and The National Board of Housing Building and Planning in
Sweden (Boverket 1999). They are open space per person within an area and
open space accessibility. The latter consists of norms defining the maximum
distance (e.g., 300 meters) to a minimum size open space (e.g., neighbourhood park).
Basically, open space standards measure two things: attraction and accessibility. Attraction has been measured in surface area (square meters).
Accessibility has been measured in metric distance (meters). In landscape
research, these metric measurements still dominate (De Clercq 2007, Van
Herzele 2003). The major question, however, remains: Are these measurements true to people’s common experience? Few scientific studies have addressed this question. My findings indicate that there is a need to more
thoroughly consider the concepts of attraction and accessibility.
2.2. Theoretical framework and a model for new measures
Studying the relation between urban attraction and accessibility is one of
the core aims of research in urban morphology. There are, however, many
ways to measure attraction and accessibility, and the methods are not always obvious within the realms of urban morphology. From the point of
view of my research question – how to measure green space accessibility
– environmental economics and architecture theory seem to be useful to
grasp the social complexity of green space attraction and accessibility.
To integrate the economical model for attraction and the architectural
model for accessibility, I have used the accessibility models of contemporary GIS-research, commonly used in urban morphology, urban geography
and transport research.
2.2.1. Basic concepts
First, the concept of open space has to be defined. In urban planning, open
space is usually defined as the publicly owned land that is preserved from
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Conventional
Proposed

Accessibility

Attraction

Metric distance (m)
Axial distance (steps)

Surface area (m2)
Use values (number of)

Table 1. Old and new measures (and units) of open space attraction and accessibility.

urbanization (streets and buildings), but it also include private land, such as
courtyards and gardens. I suggest this definition: ‘Open space refers to outdoor space that can be urbanized’. This means parks, nature areas, agricultural
land, beaches, squares, parking lots, yards, and gardens, but not streets, roads,
and railroads. Blue space, water areas, is theoretically within this definition,
but practically they are very seldom objects for urban development, but part
of the attraction of open space. In my analyses, water areas are managed as
attractors (that create use value), but not areas (that make open space).
Related urban planning concepts are green space and public space.
“Green” spaces, areas, and structures have been widely used the last centuries mainly because of the strong dominance of the ecological, environmental, biodiversity, and sustainability paradigms in planning. The concept of
“green” has been very influential in urban planning as objects for conservation, as mentioned in the introduction. Green space is simply open space
(partly) covered by vegetation or natural features.
Public space most commonly refers to all land and spaces that are accessible to the public, indoors or outdoors. Public spaces in the city inherit
complex territorialities whether they are appropriated and locally privatised by different people or groups (Whyte 1980), or whether they are located globally or locally and integrated in the city (Hillier & Hanson 1984).
Within political economy, the spectrum between public and private can be
categorized as types of goods, from pure public goods (air) and common
pool resources (parks and squares), to club goods (yards) and private goods
(gardens). This typology is based on the goods subtractability and excludability. Urban open spaces are usually seen as common pool resources; they
have low excludability as pure public goods, but some subtractability because of crowding and wear and tear. In this paper, primarily publicly accessible open spaces, which emphasize low excludability, will be analysed.
2.2.2. Attraction: use value and sociotopes
As said, open space attraction has traditionally been measured as surface
area within urban planning. Now, it is evident that open spaces are different.
There is a big span between “un-touched” nature and vibrant urban squares.
All environments are also different life worlds for different people. The only
reasonable way to deal with this phenomenological complexity is to start
from the individual and its life world, and from this approach seek the most
useful generalisations. Here economical theory has got the concept use value. Use emphasises human action and value the performance of things.
Within environmental economy, one has divided use value into concepts
that can also grasp the diffuse values of public goods and common pool re-
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sources. This study analyzes direct use value, which refers to actions, experiences, and being on site. The study does not incorporate indirect use value,
which refers to the use of open space, such as a view from a window. In
addition, no analysis is made on non-use value, which refers to the value of
existence (existence value) or the value of possibilities (option value). From
now on, the term use value is used for direct use value.
The question of measuring use value needs to be specified in units. Use
value can basically be measured in two ways: either as diversity (number of
use values) or as significance (value). The latter could theoretically be translated to exchange value or monetary value. This has been extensively tested
within environmental economy, e.g., by estimating “willingness to pay”. It is
the former, number of use values or uses that is in focus in this study because
it pinpoints the issue of how users appropriate things and places. Use and
use values in open space can be described in many ways: anthropologically,
sociologically, economically, etc. A set of methods has to be chosen in relation to the social and spatial context studied.
At the urban planning office in Stockholm city (2000-2003), my fellow
landscape architect Anders Sandberg and I developed a map for open space
use values, the sociotope map (Ståhle 2006). The sociotope was mainly created as a response to the ecological concept biotope. The statement is simply
that the same place can be both a forest (biotope) and a playground (sociotope). The sociotope map describes the different uses of places, hence the
use values. These have been extracted from extensive user studies, such as
several questionnaires, focus groups, and interviews (Ståhle et al. 2003).
The Stockholm sociotope map is used in this study to measure both diversity (1 to 10) and surface area (hectares) of public accessible open and green
spaces (> 0.5 hectares).
In the GIS-analysis ten use values area collected from the sociotope
map: water contact, recreational activities, lively place, green oasis, play area,
wilderness, picnic, peace & quite, view point, and gardening & agriculture.
(Some words are hard to translate from Swedish because they are extracted
from public dialogue and are place specific in the very true sense of the
word. But the set of values here selected is an attempt to quantify use value
diversity, so that is possible to integrate into the GIS-analysis.
2.2.3. Accessibility: orientation and axial lines
An example of a thoroughly tested and researched measure in urban morphology is the axial line developed within Space syntax research. Bill Hillier
states the following:
“From an experiential point of view, cities seem to be about seeing
and going. Syntactic analysis [integration analysis of axial line maps]
confirms this by showing they are structured both to make the physical movement of bodies efficient and to be intelligible to minds. […]
a notion of the directionality of vision is built into the fundamen-
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Figure 1. Sociotope maps of the study areas Södermalm (left) and Högdalen (right) showing public accessible open spaces larger than 0.5 hectare. Every sociotope space has its set of use values in the sociotope
map database.

Figure 2. Axial maps of study areas Södermalm (left) and Högdalen (right).

tal relation between the metric and the visual properties of spaces”.
(2003 p. 6:2)
An axial line is in short ‘a walkable line of sight’ and an axial map is created
by drawing “the least set of such straight lines which passes through each convex space and makes all axial links” (Hillier & Hanson 1984).
The axial map basically captures the cognitive accessibility in movement
space in terms of directionality. With the axial map it is possible to quan-
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titatively measure distance in number of changes in direction, in terms of
‘axial steps’. For example, a pedestrian target (j) can be X meters, but Y axial
steps from a location (i). Integration analyses of axial maps, urban space itself, have been proven to predict many human activities in cities and buildings, especially pedestrian flows in deformed grid structures (Hillier et al.
1993). Axial line (and not metric) accessibility to population has also been
proven to support pedestrian flow prediction in suburban tree-like grids
(Ståhle et al. 2005).
The axial map covers all walkable urban publicly accessible outdoor
movement space, which practically means all streets and pedestrian paths
in the city. With the axial map in GIS, it is possible to measure both metric and axial step distance. Metric distance, which emphasises the physical
effort to move, is in the analyses aimed at measuring range, i.e., how far
one can reach. Hörnsten and Fredman (2000) have shown that people do
not usually walk longer than 1000 meters to a recreation area. Accordingly,
transportation research generally claims that after 1-1.5 km pedestrians
commonly choose other means of transportation.
2.3. The Place Syntax model
With the newly developed GIS-application The Place Syntax Tool (PST),
it is possible to measure “geographic accessibility with axial lines in GIS”
(Ståhle et al. 2005). PST also makes it possible to calculate accessibility with
axial lines from every place (address or plot) in an urban area, current or
planned. Accessibility analysis, such as the place syntax analysis, deals with
the Modifiable Areal Unit Problem (Openshaw 1984 p. 3), which should be
considered as a severe limitation for common urban area statistics used in
urban planning and design. Green space statistics for a city district can be
made sensitive to the internal and external urban structure, which shapes
accessibility and, according to my findings, be more true to the citizen’s life
world. With PST, it is also possible to analyse metric accessibility as in any
GIS-network analysis (Ståhle et al. 2005).
The Geographic Information System (GIS) used in the analyses below is
MapInfo and the newly developed application the Place Syntax Tool (PST).
The GIS-dataset analysed consists of axial lines, unlink points (disconnects
axial lines that do not cross in reality), plot regions (properties), address
points (links plots and axial lines), green space regions, and green space
entries (links green spaces and axial lines).
PST has opened a series of possible new accessiblity analyses. In its theory, the Place Syntax model is based on standard accessibility models of
contemporary GIS research. The accessibility (A) in the location i is

Ai = ∑ f (W j , d ij ) ,			

[1]

where Wj is a measure of the attraction at the locations j and dij is a measure of distance from the location i to the locations j. Based on this formula,
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Figure 3. Geographical elements used in the Place Syntax Tool; starting (properties) and target regions
(open spaces), connecting address/entrance points, and axial lines.

many types of green space accessibility measures can be created. In the GISanalyses presented below, Wj and dij are divided according to the theoretical framework described above. Wj is measured by green space surface area
(j), and the number of use values in every green space. dij is measured by
pedestrian distance in axial line steps (orientation) and in meters (range).
In the GIS-analyses below, different variations of this accessibility formula
are tested and correlated against empirical data.
3. Materials
3.1. Study areas
The research project incorporates different urban and suburban areas within Stockholm municipality. The municipality basically organizes all socioeconomical data and sociological surveys on 18 city districts (http://www.
stockholm.se/usk). Ten study areas – 100 hectares each (+- 0.1) – with four
distinct types have been selected for more careful analysis; three 18th century block grid areas, three post war modernist suburbs from around 1950,
three garden city suburbs, and one post-modernist block grid area from
1980s. All study areas are quite homogeneous urban typo-morphologies as
defined by the Stockholm City Plan from 1999 (Stockholms stad 1999).
The population density map and the table for spatial data show that
Stockholm has been systematically planned and designed. The four city
types are clearly visible in terms of ‘Floor Area Ratio’, ‘Mean plot area’, and
‘Mean axial line length’. Notable is the 1980s postmodern grid in Skarpnäck, which has been said by municipal planners to be designed like the
inner city grid at Östermalm, but looks in spatial figures more like a 1950s
modernist suburb.
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Figure 4. The ten study areas and the population density (persons/sqm) per plot. Darker is denser.
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Floor
Area
Ratio
2.24
Norrmalm
Östermalm
2.18
Södermalm
2.03
Skarpnäck
0.45
Årsta
0.50
Högdalen
0.52
Rågsved
0.44
Gamla Enskede 0.19
Stureby
0.13
Örby
0.13
Study area

Total plot
Mean
surface area plot area
(ha)
(ha)
0.10
64.29
0.10
67.41
0.13
60.18
0.40
40.22
0.25
54.23
0.45
53.38
0.46
51.91
0.06
57.25
0.08
74.38
0.08
75.64

Number
of
of proper- Number
addresses
ties
632
1395
1475
695
481
1283
100
519
216
770
118
754
112
519
956
1249
897
1098
983
1186
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Number of
Axial lines

Mean axial line
length (meter)

104
64
131
280
296
435
337
170
143
134

258.06
379.50
221.07
111.25
108.53
100.00
102.88
167.55
162.05
168.87

Table 2. Spatial data for the ten study areas. Highest values in grey.

Figure 5. Inner city area of Östermalm – looking west towards Norrmalm (left image), and 1950s century
suburbia of Årsta south of the inner city – looking south towards Stureby (right image)

3.2. Empirical data
Three sets of empirical data were used to capture how citizen’s experiences
were connected to green space: two questionnaires and one site observation study. These user surveys are later correlated to various GIS-analyses
of green space accessibility.
3.2.1. TEMO questionnaire 2001
The first questionnaire is the most significant and basically the starting
point of the research project (TEMO 2001). In 2001, a leading Swedish
market research agency TEMO executed a questionnaire for citizens of the
municipality of Stockholm. The questionnaire asked the participants this
question: “Do you experience a lack of parks and nature areas in the vicinity of your home?” TEMO mailed 8740 questionnaires and agglomerated
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Figure 6. Percentage of people that do not experience a lack of parks and nature areas in the vicinity of their home for every city
district within Stockholm municipality (TEMO 2001).

Figure 7. The similar results from the TEMO 2001 and USK 2004 questionnaires concerning the experience of green area
accessibility.

at the city district level. The stunning result was that people in many of the
inner city districts, and some denser suburbs, were experiencing less lack of
green areas than some low-density “green” post-war suburbs.
The answer frequency can be considered rather low: 54%. TEMO, however, verifies the statistical significance of the results. The results were also
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Figure 8. Percentage of people that do not experience a lack of parks and nature areas in the vicinity of their
home for the ten study areas (TEMO 2001).

Study area (City district)
Norrmalm (Norrmalm)
Östermalm (Östermalm)
Södermalm (Södermalm)
Skarpnäck (Skarpnäck)
Årsta (Enskaede-Årsta)
Högdalen (Vantör)
Rågsved (Vantör)
Gamla Enskede (E.-Årsta)
Stureby (Enskede-Årsta)
Örby (Vantör)

Number of questionnaires
110
100
179
44
79
81
49
24
34
47
747

% of the population
0.48
0.47
0.66
0.56
0.92
0.89
0.55
0.61
1.28
1.66

Statistical
uncertainty
+-8.7
+-4.4
+-8.7
+-13.0
+-8.2
+-11.0
+-13.0
+-16.7
+-17.4
+-17.9

% that do not experience lack of green areas
79 (70-88)
96 (92-100)
79 (70-88)
86 (73-99)
89 (81-97)
67 (56-78)
74 (61-87)
67 (50-84)
68 (51-85)
60 (42-88)

Table 3. The statistics on the TEMO 2001 questionnaire for the ten study areas.

confirmed in a recent study from 2004 conducted by Stockholm Office of
Research and Statistics (USK 2004). In this questionnaire, which has an
answer frequency of 67%, this question was asked: “Are you satisfied/not
satisfied with the supply of parks and nature areas in your city district?”
The similarities verify the results and evidently confirm the differences of
people’s experienced supply of or accessibility to green areas in the city districts.
City districts, however, are a bit too different in size and shape to use for
correlation studies, so questionnaires from TEMO 2001 were sorted by zip
codes for the ten study areas.
Some objections can be identified. How do people understand the con-
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Figure 9. Percent of the respondents that go to their favourite green area daily or once a week. The diagram shows all city
districts within Stockholm municipality. (USK 2002)

Figure 10. Parks where on-site observation and visit counts where executed.

cept “parks and nature areas”? Is not there a different demand for green
areas between different areas? These objections are nonetheless hypothetical. Contemporary research has not found any statistical differences in the
demand for public green areas between different city districts, between
suburbs and inner city cores. The demand seems to differ for private green
space, but not for public green areas. (Grahn & Stigsdotter 2003) At the city
district level, the visiting frequency experienced in green area in the USK
questionnaire from 2002 seems to confirm the results above.
3.2.2. USK questionnaire 2002
The USK questionnaire from 2002 was sent out to 5400 households and included the question “How often do you visit your favourite park/nature area?”
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Figure 11. The total number of staying visitors during the time of observation in all parks.

In this questionnaire, it is just as a surprising result as for the TEMO
survey. People in the inner city and in the garden suburbs visit public green
areas more often than the late modernist areas. This questionnaire has not
been possible to sort by zip codes.
3.2.3. On-site observations in spring 2004
Between the 15th April and 30th May 2004, landscape architect Anders Sandberg executed on-site observations and visit counts in eleven parks, five in
the inner city (Östermalm and Norrmalm) and six in modernist suburbs
from the 1950s (Högdalen and Rågsved).
The parks are 1-2.5 hectares and have some differences in composition
of use values. Number of staying and passing visitors were counted as a
“snap shot” during a 10-minute period. The small park size made it possible
to overlook the whole green space.
The number of visitors indicates that green space size cannot be the singular explanation of attraction. Use value composition together with accessibility and urban density play a central part in attraction and actual use.
4. Results
The purpose of the GIS-analyses was to test conventional and new green
space measures against the empirical data. At first, it is just interesting to
theoretically compare the different GIS-results, but in the end the real question is this: How well do old and new measures capture people’s life world
and experience?
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Study area

Un-built land

Green
biotope

Municipal natural
green
(naturmark)

Public green space
(sociotope)

10.33

Municipal green
space
(naturmark +
parkmark)
8.22

Norrmalm

83.54

0.97

9.50

Östermalm
Södermalm
Skarpnäck
Årsta
Högdalen

81.43

7.28

4.37

0.00

10.34

84.43
92.89
93.68
93.27

12.19
48.77
52.46
34.55

13.24
47.71
32.42
28.32

0.47
18.90
21.83
11.37

17.85
41.27
20.88
22.44

Rågsved

94.72

38.65

31.87

17.23

19.42

Gamla Enskede
Stureby

95.66
96.06

66.42
58.75

27.43
9.80

13.58
6.57

19.22
6.48

Örby

95.50

57.59

10.10

7.15

7.25

Table 4. Surface area of green and open space in hectares in the study areas. Highest values in grey.

4.1. Conventional measures and guidelines
In this section, conventional green space surface area measures and green
space guidelines are executed for the study areas. The first basic analysis of
an area is how much of it is covered by green space. The numbers below are
in hectares, but they also show the percentage because the study areas are
all 100 hectares each.
The results above are not surprising from the common (planner or developers) point of view of these city districts. The inner city areas have consequently lower green space coverage, and the suburb areas have considerably higher. When these numbers are divided with the area population, the
differences increased significantly.
Turning to more advanced measures and recently developed guidelines,
yet based on conventional measurements of surface area and metric distance, the National Board of Housing, Building and Planning (Boverket
1999) published common guidelines on green space accessibility based on
earlier recommendations from the Nordic Council of Ministers.
Green space type

Min. size

Max. distance

Specifications

Pocket parks

-

< 50 meter

Green space

Local parks

> 0,3-0,6 ha

< 200 meter

Green space, play area

District parks

> 10-20 ha

< 500-800 meter

Nature areas

> 1000 ha

(< 1000 meter)

Green space, play area, peace & quite, recreational
activities
Wilderness, play area, peace & quite, recreational
activities

Table 5. National open space guidelines by Boverket from 1999.

In 2004, Stockholm municipality published the Stockholm park program,
a policy for the development and maintenance of municipal green areas. In
this document, guidelines were developed from the national recommendations, but locally fitted.

Paper IV: More green space in a denser city

159

Green space type

Min. size

Max. distance

Specifications

Local parks

0,5-5 ha

< 200 meter

Green space, play area

District parks

5-50 ha

< 500 meter

Green space, play area, peace & quite, recreational
activities

Nature areas

>50 ha

< 1000 meter

Wilderness, play area, peace & quite, recreational
activities

Table 6. Municipal open space guidelines in the Stockholm park program from 2005.

The table below shows the proportion of the population in the study
areas that fulfil the guidelines. Distance has been measured as conventional
bird’s distance, and the sociotope map has been used to select type of green
areas.
Study area

Boverket1
0.5ha
200m
90.43

Stockholm1
0.5ha
200m
90.43

Boverket2
10ha
500m
13.87

Stockholm2
5ha
500m
100

Boverket3
100 ha
1000m
21.06

Stockholm3
50ha
1000m
21.06

Östermalm 29.92

92.48

92.48

50.55

87.72

49.56

49.56

Södermalm 31.18

92.60

92.60

33.30

39.34

0

0

Skarpnäck

42.78

92.13

92.13

100

100

100

100

Årsta

46.98

99.60

99.60

99.30

100

100

100

Högdalen

53.39

100

100

56.20

93.82

50.85

89.88

Rågsved

53.87

100

100

88.05

100

76.86

100

Gamla
Enskede
Stureby

37.12

86.79

86.79

70.61

71.01

22.64

80.28

21.70

89.29

89.29

95.99

95.99

65.00

96.88

Örby

19.51

73.82

73.82

57.63

99.84

5.46

6.81

Norrmalm

Boverket0
0.5ha
50m
20.28

Table 7. Proportion of the population within the study areas that fulfil the national (Boverket) and municipal
(Stockholm) guidelines. Highest values in grey.

Columns Boverket2 and Stockholm2 show how the Stockholm guidelines catch local qualities. Many things can be said about these results, but
this example shows that it is not unproblematic to put green areas of 4.9 and
5.1 hectares in different classes and 0.5 and 4.9 in the same class. The critical question is still this: Do these numbers correlate with people’s need and
demand for urban public green areas? The findings presented in this paper
indicate that they do not.
4.2. Green space accessibility analyses
Three types of green space accessibility analyses were extensively tested:
green space proximity, green space accessibility, and green space/population accessibility.
The table below shows examples of the analyses that where tested with
PST. Column 1 shows “bird’s distance” (straight-line distance or ‘as-thecrow-flies’) to the nearest public green area from every address point within
the study area. Column 2 shows the true walk distance. Column 3 shows the
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Green
space
within
500m
bird’s d.
10.55
12.97

Green
space
within
500m
walk d.
28.23
41.10

Green
space
within
3 axial
steps
79.49
102.61

Combined

Accessible
green space/
pers

199.33
152.63

Axial
line
distance
to green
space
1.96
1.54

148.84
216.33

13.74
31.11

105.32

157.80

1.80

13.79

36.10

48.91

129.10

19.00

107.82

169.76

2.90

27.81

49.00

14.85

183.66

228.21

159.40

2.78

22.81

45.38

11.17

141.27

172.80

Högdalen

107.62
87.51

154.91

3.29

19.08

35.92

3.54

70.97

150.89

Rågsved

102.27

160.92

3.08

23.88

46.71

4.02

120.59

218.68

Gamla Enskede

125.48

182.33

2.45

16.41

36.30

22.96

148.57

260.70

Stureby

164.43

232.11

2.94

12.90

26.37

10.89

99.05

249.07

Örby

196.59

325.08

3.06

10.45

11.25

3.19

33.78

101.83

Study area

“Bird’s
distance”
to green
space

Walk
distance
to green
space

Norrmalm

141.67

Östermalm

120.31

Södermalm
Skarpnäck
Årsta

Table 8. Examples of green space accessibility measures. Columns 1-3 show green space proximity; 4-6
show green space accessibility; 7 shows a combined measure; and 8 shows green space/population accessibility. More explanation in the text below.

axial step distance. Column 4 shows how much public green surface area
that is accessible within 500 meters ‘bird’s distance’, i.e., a 500-meter radius.
Column 5 shows this within 500-meter true walk distance. Column 6 shows
this within 3 axial steps.
Column 7 is a combined measure that is constructed from the place
syntax model described above. This measure calculates the accessible green
surface area multiplied with the number of use values (from the sociotope
map) as a measure of attraction. Every green area is also weighted depending on axial line distance from every address point. This means that each
axial step away means half the green area. In this measure, a pedestrian
range has been set to 1000 meters; i.e., green areas more than 1000 meters
away are not calculated. The last column shows a value where the combined
measure has been divided with the accessible population from every address point. Accessible population is calculated with the same formula as
the combined measure. The correlation studies presented in the next section show that result columns 3 and 7 are the most empirically interesting.
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Figure 12. The combined measure (column 7) calculated and presented per address point within the study
areas. Darker means higher green space accessibility. This measure had the best correlation with the TEMO
2001 questionnaire “Do you experience a lack of parks and nature areas in the vicinity of your home?”
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Figure 13. Global axial line integration (Space syntax measure) for four of the ten study areas. (wider is higher integration value). Östermalm - inner city grid (upper left), Stureby - garden suburb (upper right), Årsta
- early 1950s suburb (lower left), Rågsved - late 1950s suburb (lower right).

4.3. Axial line integration analysis
The most common Space syntax analysis, axial line integration, was executed for all study areas to study how spatially integrated the green areas were
in the urban grid as a whole.
The axial line integration analysis says something fundamental about
the spatial integration of public open and green spaces. Integrated spaces
will, according to the theory of natural movement (Hillier 1996, Hillier et
al. 1996), play a more central role in the city’s social life. These spaces will
not only be more frequently visited and used, they will also probably get
better known because they are located in more legible places and at the
same time within the people’s daily movement patterns. As shown in the
integration maps above public green spaces are fully integrated in the 18th
inner city grid, partly integrated in the garden city suburb and mostly segregated in the modernist suburbs from the 1950ies. In many ways, these
analysis results pinpoint the following findings and conclusions.
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Figure 14. Correlation R2=0.74
(p<0,001) between how many, according to the TEM0 (2001) questionnaire,
that do not experience a lack of parks
and nature areas, and the combined
measure of green space accessibility
for the ten study areas.

Figure 15. Green space structure efficiency for the ten study areas.

4.4. Findings and correlations
The major findings of this study are correlations. Some green space accessibility measures have been found to correlate with empirical data from
questionnaires and observations.
4.4.1. Measured and experienced green space accessibility
The questionnaire from 2001 (TEMO) that asked “Do you experience a lack
of parks and nature areas in the vicinity of your home?” was found to correlate, after extensive testing of many different open and green space accessibility measures, with the ‘combined measure’ presented in the former
chapter. This measure calculates; accessible green surface area multiplied
with its number of use values; it weights green areas according to axial line
distance (one axial step away means half the green space), but limits pedestrian range to 1000 meters. The correlation is significantly high, R2=0.74
(p<0.001) for all study areas. If two of the study areas are taken away, Årsta
and Gamla Enskede, the correlation increases to R2=0.98 (p<0.001). The
intriguing thing is that correlations for any other conventional measures
(green space sqm/pers) or guidelines (Boverket or Stockholm park program) was only R2=0.02-0.22.
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The principal finding from this correlation is that four major factors
seem to highly affect green space accessibility: surface area, use values,
orientation, and range. The result implies that if they all are systematically measured in GIS, it means this is a new useful tool for urban structure
analysis and design. The results point out that the dense inner city areas
with relatively low green and open surface area experiences measure higher
accessibility than the two post-war suburbs, which have many times higher
green and open surface area. Hence there exists ‘more green space (in the
life world of people), but denser cities (in the system world of planners)’.
The explanation is, of course, the differences in use value and accessibility.
The results clearly imply that there are structural deficiencies in the postwar areas. This can be described as a green space structure efficiency ratio,
which means dividing the combined measure with green space accessibility
1000-meter bird’s distance.
The figure above illustrates that the inner city grid more effectively distributes its green spaces to its inhabitants than the modernist tree-like morphologies of the suburbs. The best suburb, Gamla Enskede garden city area
(urban design inspired by Unwin and Howard), is the only suburb that in
some ways is like the inner city structure. If one looks at Östermalm, the
best study area, it is systematically planned according to the Swedish late
19th century regularist Albert Lindhagen, who was inspired by Haussmann
in Paris among others. Lindhagen claimed that “the parks should be in everyone’s way”. The results show efficient park planning schemes in Östermalm,
schemes that look basically like a matrix of continuous street grids in which
a connected green structure is integrated. The green structure consists of
urban parks, which are interconnected by 40-meter wide green esplanades.
These esplanades also lead to the larger park and nature areas – the so called
“green wedges”. The consequence of this urban morphology is that you can
see green space from any street in the district, and with some experience a
citizen knows that this green space is part of the larger continuous green
structure linked to the majors nature areas of the city.
In the post-war suburbs, the main green structure is basically segregated
around the settlement as green belts separating different suburbs all according to the park planning principles of the Stockholm general plan from 1952.
These principles primarily origins from the municipal park officer Holger
Blom (1938-71), who took much of these ideas from Frederick Law Olmsted’s principle of having parkways and “an emerald necklace” around new
towns. Firstly, this urban design concept does not seem as effective, in terms
of land use, as the regularist concepts, when looking from a life world point
of view. Secondly, these modernist principles have also created un-equitable
distribution of green space stakeholders, as shown in the next section.
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Figure 16. Principal schemes of the traffic integrated inner city grid with an integrated and continuous green structure (left) and
of the post-war suburb with a surrounding greenbelt and an tree-like street grid with vehicular and pedestrian traffic separated
(right). Arrows show principally daily movement patterns.

Figure 17. Correlation between how many who say that they visit their favourite park or nature area at least once a week and 1)
axial line distance to the nearest public green area R2=-0,56, p=0,018, and 2) public green space surface area within five axial
lines, R2=0,77 (p=0,018).

4.4.2. Green space proximity and perceived visit frequency
The USK questionnaire “How often do you visit your favourite park/nature area?” was correlating with axial line proximity to nearest green space,
R2=0.56 (p=0.018), but also with public green space area within five axial
lines, R2=0.77 (p=0.018).
These correlations were not done on a study area level, but on a city district level. Study areas were defined from homogeneous urban morphology,
but city districts are administrative areas and much more heterogeneous
structures of different sizes and shapes. Therefore, these correlations are
not as credible as the earlier one. Still they are very clear on one thing. Axial
line distance, orientation, seems to be an important part of the explanation
to why and how often people visit urban green areas. This conclusion is also
confirmed by the Space syntax axial line integration analysis, which shows
that green areas in the inner city grid are much more spatially integrated
than in the post-war suburbs.
4.4.3. Green space attraction, occupation, and spatial integration
The on-site observations show that the selected inner city parks have
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Figure 18. Correlation between the number of staying visitors and the number of use values in the inner city parks R2=0.83, p=0.03
(left) and the 1950s parks R2=0.05, p=0.686 (right).

more visitors than the selected 1950s parks. This is not so surprising compared to the area population densities. When the parks were divided into two
groups (inner city parks and 1950s parks), correlations were found within
the inner city parks between the number of use values and the number of
staying visitors (not passers-through), R2=0.83 (p=0.03). The same relation
was not found to correlate at all in the 1950s parks, R2=0.05 (p=0.686).
The conclusion of these results is similarly to the two earlier findings
that the high spatial integration of the inner city parks means that they are
probably appropriated more frequently. They are within the daily natural
movement patterns, but they are also “marketing” themselves to the citizens because they are highly visible. Hence, the post-war parks are maybe
not appropriated according to their attraction because of low spatial integration and legibility. This have to be further investigated to be confirmed.
5. Discussion and conclusions
This paper has presented three major findings. The first is that a combined
quantitative measure of green area size, number of use values, axial line
distance, and 1000-meter pedestrian range can indicate the perceived green
space accessibility in an urban area. Calculations for ten study areas of different urban morphologies, 100 hectares each, correlated better than any
conventional measure or guidelines. These calculations were developed
from the questionnaire asking “Do you experience a lack of parks and nature areas in your vicinity”? The second finding is that axial line distances
to the nearest public green area correlated better than any metric measure
with the questionnaire asking “How often do you visit your favourite park/
nature area?” for ten city districts. The third finding is that the number of
use values correlated with the number of staying visitors in five inner city
parks, but not in six post-war parks of the same size. This confirms the theory of natural movement and the hypotheses that spatially integrated parks
are probably more effectively used and have relatively more stakeholders.

Paper IV: More green space in a denser city

There are two major conclusions to be made here. The first concerns the
morphological design outcome and the second the planning process. Firstly, it seems that there are some urban designs that work better than others. The Swedish post-war modernist suburbs, as they have been fulfilled
in Stockholm according to the General plan of 1952, have consequently got
lower integration values, lower green space accessibility, and lower land use
efficiency. In comparison, the Stockholm inner city grid, which has its park
structure from 19th century regularism based on “the Lindhagen plan” from
1860, has more spatially integrated streets and green spaces. Consequently,
the structural inefficiency of the post-war areas could open up for qualitative in-fill and restructuring, which can mean a denser city but higher green
space accessibility. This has also been indicated by contemporary urban design theorists like Dolores Hayden, Peter Calthorpe and Xaveer De Geyter.
Secondly, concerning the planning process, there exists a locked situation where urbanists stand against environmentalists, ‘dense’ is against
‘green’. The GIS-tools and the findings presented in this paper could, if they
are considered as credible, help both parties see that urban design can be
creatively used to understand land use efficiency and green space distribution equity. The tools and findings can in this way help overcome deadlocks
and NIMBYISM in planning. In the end, much can be gained if the common opinion of open space and “green” changes from a static to a dynamic
urban entity.
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1. Introduction
Urbanization is an ongoing process in large parts of the world, especially
near urbanized areas (EEA 2006, UNFPA 2007). In this study, we evaluate
landscape fragmentation in counter-sprawl policies used by the municipality
of Kungälv, a rapidly urbanised area near Sweden’s second largest city, Gothenburg. This rural or exurban or suburban development is common to all
larger cities in the developed world and is usually called ‘urban sprawl’ (Bruegmann 2005, Hayden 2003). North American sprawl has been explained by
population growth, rise in household income, demand for larger lots and
houses, subsidization of public roads, inefficient land use, excessive growth,
social problems in central cities, and poor land policies (Ewing 1994, Gordon & Richardson 1997, Torrens & Alberti 2000, Glaeser & Kahn 2003).
On the other hand, urban sprawl in Europe (EEA 2006) is explained
by a combination of factors: macro-economic factors (such as economic
growth, globalisation, and European integration); micro-economic factors
(such as rising living standards, price of land, and competition between
municipalities); demographic factors (such as population growth and increase in household formation); housing preferences (such as more space
per person and building preferences); inner city problems (such as poor
air quality, noise, small apartments, unsafe environments, social problems,
lack of green open space, and poor quality of schools), transportation (such
as private car ownership, availability of roads, low cost of fuel, and poor
public transport); and regulatory frameworks (such as weak land use planning, poor enforcement of existing plans, and lack of horizontal and vertical coordination and collaboration). In the Nordic countries, nature and
outdoor recreation are particularly emphasized as drivers of urban sprawl
(Bergström 2003, Wiklund 1995).
Recently, the phenomenon of urban sprawl has been studied extensively.
For example, urban environmental impact and sprawl research have been
highlighted in a special issue of Science (Ash et al. 2008). In this issue, Batty
(2008) concluded that in spite of the apparently amorphous growth of urban sprawl, resilient patterns emerge, yet it is well known that sprawl generally expands at the expense of agriculture as demand for spacious housing
and cheap land grow (Antrop 2004, EEA 2006). For example, between 1992
and 1997 the U.S.A. annually lost 2.2 million acres of farmland and other
open spaces to sprawl (USDA 1997). Usually, this brings about differences
in land consumption between the centre and the fringe of the urbanized
area and creates changes in land consumption rates (Compas 2007, Weng
2007). This development can be monitored by different land morphology
and landscape measures. A wide range of sprawl indices have been developed recently within the fields of urban geography and morphology to
monitor the suburbanisation of cities and rural areas (Ewing 1994, Torrens
& Alberti 2000, Frenkel & Ashkenazi 2008).
Monitoring landscape patterns and the use of combining remote sensing
and geographic information systems (GIS) have also been developed in land-
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scape ecology (Forman and Gordon 1986; Turner and Gardner 1991; Farina
2000; Luck and Wu 2002; Turner et al. 2003). Fragmentation of landscapes by
different land uses (including infrastructure) has been especially highlighted
in the research (Harris 1984, Wilcox & Murphy 1985, Wilcove et al. 1986,
Hansson & Angelstam 1991, Forman 1995, Forman et al. 2003, Trocmé et
al. 2003). Landscape fragmentation caused by new urban development and
infrastructure can be estimated in several ways: the number of fragments (biotopes), average fragment size, diversity between fragments, area-edge ratio
(McGarigal & Marks 1995), and effective mesh-size (Jaeger 2002). Landscape
fragmentation can also be measured in terms of people’s accessibility to landscape fragments. Recently new measures have been developed that consider
straight-line and walking distance as well as fragment size and fragment usevalue, mainly in terms of recreational qualities (Hörnsten & Fredman 2000,
Van Herzele et al. 2003, De Clerckq et al. 2007, Ståhle 2005).
These measurements have been very useful for understanding landscape
fragments and fragmentation in rural, suburban, and urban settings, but
they have rarely been applied and connected to concrete spatial planning
processes. In our study, which also have been published in Swedish by the
National Board of Housing, Building and Planning (Boverket 2008), we use
three landscape fragmentation measures to evaluate the consequences of
counter-sprawl policies actually used and discussed within the planning
authority of the municipality of Kungälv.
2. Methods and materials
We used three measures of landscape fragmentation to estimate the effect
of two land use policies: location strategy and development rate on four
landscape patterns – natural landscape, agricultural land, forest land, and
recreation areas. The land use policies for rural densification are clearly
aimed to counter sprawl and compacting (location strategy) and to decrease (development rate) new settlements.
2.1. Measures of landscape fragmentation
In our study, we used three measures of the effect of housing developments,
buildings, and plots on landscape fragmentation:
1. Fractal dimension of landscape fragments (McGarigal & Marks 1995) – a
measure of area/edge in landscape fragments. The measure varies between 1 (low complexity) and 2 (high complexity). High complexity
means that the fragments are more sensitive to edge effects.
2. Effective mesh size (Jaeger 2002) – a measure of the probability that two
points exist in the same fragment and are not separated by infrastructure or settlements.
3. Size of accessible landscape fragments (Ståhle 2005) – a measure of the
surface area of fragments accessible within 1000 meter straight-line distance from selected starting points, e.g., residential buildings or farms.

173

174

Compact Sprawl

Landscape and landscape fragment is here simply defined as a non-built
up area that is delineated by built-up areas, infrastructure, or coastline. To
date, there is no scientific threshold value of “unaffected” areas for the different land uses and patterns. Hence these landscape fragmentation measures are primarily assumptions used for comparing scenarios and do not
provide an ultimate evaluation.
2.2. Four major landscape patterns
We simulated the effect of rural densification on four major landscape patterns: natural landscape, agriculture, forestry, and recreation. We focus on
how new buildings and plots infringe landscape by direct disturbance and
or by dissecting landscape fragments below a certain threshold. The infringements are assumptions based on research, planning experience, and
legislation when applicable. Our analyses focus on residential settlements
only and do not account for commercial or industrial space or the rising
demand for new infrastructure.
2.3. Creating scenarios for Kungälv 2025
Since our study mainly examines how planning policies affect landscape
fragmentation, the study is primarily explorative in a way that is similar
to what Börjesson et al. (2006) calls strategic scenarios. Strategic scenarios
describe a range of possible consequences of strategic decisions, in our
case different densification policies. The goals are not absolute, but criteria
(such as the landscape fragmentation measures) are used to evaluate different strategies. (Börjesson et al. 2006 p. 728) Although our study is mainly
strategic, it has apparent normative connotations since the planning policies are used as planning goals. Börjesson et al. defines this as normative
preserving scenarios where the task is to find out how a certain target can be
efficiently met (Börjesson et al. 2006 p.729). From the municipal planners’
point of view, it is important that rural development supports “sustainable
development” and the freedom of development. Given these planning goals,
the scenarios can then be used to study which policy is preferable.
We made six strategic densification scenarios for the rural densification
of the four sub-regions defined in the municipal plan for Kungälv. The scenarios, which were set to the year 2025, are defined by a combination of two
planning policies that the municipality currently applies or considers:
Location strategy - The location of new houses by level of concentration or
sprawl (spread out development) (alternatives 1 and 2), and
Development rate - The amount of new houses per year (alternatives A, B, and C).
For each scenario, we generated a randomly distributed number of new
buildings which locations and numbers followed the regulations of the
planning policies. For example, no new building was allowed closer then 40
meters from another (existing or new) building.
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Landscape pattern Fragment
Natural landscape All landscape
fragments

Measure
Fragment size, fragment
fractal dimension,
effective mesh size

GIS-data
The National terrain map
(Lantmäteriet 2002)

Agriculture

Undisturbed agricultural
land within 1000 m from
farms
Undisturbed forest land
within 1000 m from farms
Undisturbed recreational
area within 1000 m from
existing and new houses

The National terrain map
(Lantmäteriet 2002)

Forestry
Recreation

Disturbance infringement buffer
Private roads 30 m; national roads,
railroads 100 m; motorways 200 m;
existing and new houses 100 m
(average plot size)
Agricultural land Existing and new buildings 200
meter (legislated agriculture protection zone)
Forest land
Existing and new buildings 100 m
(average plot size)
Recreation areas Existing and new buildings 70 m
(according to the disturbance acceptance practice of the law ”the right
of public access” to nature in Sweden.); Private roads 50 m; National
roads 100 m; Motorways 200 m.
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The National terrain map
(Lantmäteriet 2002)
Municipal plan (Kungälv
2000)

Table 1.Criteria for measuring the infringement from buildings and infrastructure on the four selected landscape patterns.

2.3.1. Location strategy
In Kungälv, “the gap-principle” has been commonly applied to regulate new
housing. This means that any new development must be located in a space
(plot) that is between two existing (already developed) plots. This strategy
aims to keep settlements together according to the Swedish planning and
building law (PBL). We call this principle, which clearly aims to counter
sprawl, a ‘concentration strategy’.
A very realistic alternative to this ‘concentration strategy’ is a more liberal form of development that starts from the idea that any land could be
available given its proximity to existing infrastructure. We call this principle ‘sprawl strategy’. A totally arbitrary densification of the rural landscape
is not considered as realistic given the current housing and infrastructure
policies and economy in Sweden.
1. Concentration strategy
Based on the municipality’s gap-principle, new houses are expected to
be built within 40 meters of existing houses but at least 20 meters from
existing houses and roads and at least 100 meters from all shores according to Swedish shore protection law.
2. Sprawl strategy
With fewer municipal regulations, housing developments will probably
be significantly more spread out in the landscape, but still close (200
m) to existing roads and most likely close to shores and open water.
Nature reserves are not exploited.
In our simulations, locations for new buildings were not influenced by other
considerations, such as topography, accessibility to services, and work places, than the above. Inevitably, the models are strong simplifications of how
settlements grow, but still it is fundamental to study simple planning policies, which we will see have severe effects on rural densification patterns.
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Figure 1. Map over the four subregions – Central zone, Green zone,
Coast zone, and Forest zone – from
the Municipal plan from 2000 (Kungälv 2000). Landscape fragments,
infrastructure, and built up areas are
taken from the National terrain map
(Lantmäteriet 2002).

Scenario
A) Light growth
B) Medium growth
C) Heavy growth

Sum
200
400
600

Central zone
150
300
380

Green zone
45
90
190

Coast zone
5
10
25

Forest zone
0
0
5

Table 2. Development rates: number of new houses allowed to be built every year in the municipal subregions under the scenarios A, B, and C for the years 2005 to 2025.

2.3.2. Development rate
A second important factor in the densification is the quantity of new settlements – the number of new houses that is allowed by the municipality to be
built every year. In our study, three development rates have been chosen based
on the municipality’s existing and discussed restrictions on development:
Light growth – 200 new houses/year
The current restrictive housing development level is sustained.
Medium growth – 400 new houses/year
A level based on a new municipal goal currently discussed.
Heavy growth – 600 new houses/year
As a response to the expanding housing market; this is not unrealistic.
wIn addition, development was assumed to be stratified with the highest
rate in the most urbanised region and the smallest rate in the least attractive
forest region (Table 2, Figure 1).
2.4. GIS-data
Background geographic data for the analyses came from two main sources:
the municipality plan (Kungälv 2000), which contains the municipality
border, sub-regions, and recreational areas, and the National Topographic
Terrain Map (Lantmäteriet 2002), which contains buildings (houses and
farms), landscape patterns (agriculture land and forest land), and infrastructure (private roads, national roads, motorways and railroads). The
sub-regions Central zone, Green zone, Coast zone, and Forest zone in figures and maps are named with their original Swedish labels Centralzon,
Grönzon, Kustzon, and Skogszon.
All analyses were executed in the GIS-software ArcGIS.
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3. Results
The six strategic scenarios yielded a similar increase in landscape fragmentation with expectedly the strongest effect caused by the sprawl scenarios,
but not as much with high development rates. Our measures of landscape
fragmentation – fractal dimension of landscape fragments, effective mesh
size, and size of accessible landscape fragments – showed similar fragmentation patterns. By distinguishing between landscape patterns, differences in
the impact on different types of landscapes or sub-regions were explored.
3.1. Natural landscape
Generally, densification of rural areas means a growing fragmentation of the
natural landscape. Fragmentation is created by physical loss of landscape,
but also by barriers such as infrastructure that disconnect landscape fragments. In landscape ecological terms, fragmentation can mean decreased
fragment sizes, higher complexity in the area-edge ratio, and a less effective
mesh-size within settlements.
In the analyse model for natural landscape, the disturbance zone, according to landscape ecological research (Seiler 1996), is 30 meters around
private roads, 100 meters around buildings, national roads, and railroads,
and 200 meters around motorways. The change in fragmentation between
the scenarios is created only by the addition of new buildings.
As expected, the average size of landscape fragments is decreasing much
faster in the sprawl-scenarios (Figure 3).
The fractal complexity of landscape fragments is increasing with the development rate. The sprawl scenarios show slightly higher fragmentation
(Figure 4). However, in the Central zone, where just small fragments are left
after 20 years of sprawl, the fractal dimension is decreasing because these
small leftover areas are relatively disconnected.
The effective mesh size within the building networks shows a bit more
contradictory result. The effective mesh size decreases in the Green zone,
but it increases in the Coast zone and Forest zone. This could be explained
by the fact that small landscape fragments or islands are being exploited
and thereby this falls out of the analysis, which then increases the average
area of the remaining fragments (Figure 5).
3.2. Agricultural land
We assumed that buildings decrease the agricultural land within 200 meters from every house based upon Swedish planning guidelines for protection distance from agricultural activities. In the analysis, agricultural land
within 1000 meter from every farm is selected from the National Terrain
Map (Figure 6, Figure 7). Actual land ownership and farming activities are
not accounted for in the analysis. It is only the proximity to agricultural
land that is measured.
The simulated housing developments have a significant effect on accessible agricultural land from farms. The sprawl scenarios show, as expected, a
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A) Natural landscape 2005

B) Natural landscape in
scenario 2c (2025)

Figure 2. (Above) Maps over the undisturbed landscape
fragments in the existing situation 2005 (A) and for scenario
2c (B) adding 12000 new buildings by the sprawl strategy.
Figure 3. (Left) Average fragment size in hectares for the
existing situation (Bef) and the scenarios.
Figure 4. (Below) “Area weighted mean patch fractal dimension” of landscape fragments, a measure of the fragment
complexity, and fragmentation for the existing (Bef) and the
scenarios. The value varies between 1 (simple fragments)
and 2 (complex fragments).
Figure 5. (Bottom) Effective mesh size in km2 for the existing situation (Bef) and the scenarios.
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Figure 6. (Above left) Agricultural land and built up land
(dark grey) according the National Terrain Map (Lantmäteriet
2002).
Figure 7. Above right) Remaining agricultural land with
scenario 1c (light and dark grey) and 2c (dark grey). Excerpt
from the sub-region Green zone between the towns of
Kärna (left) and Tega (right).
Figure 8. (Left) Average loss of agricultural land within 1000
meters from every farm per year for the six scenarios.
Figure 9. (Below) Accessible agricultural land in hectares from farms in the existing situation (bef) and for the
scenarios.

greater loss than the concentration scenarios. Interestingly, the variation of
accessible agricultural land decreases as the confidence interval decreases.
This is because the simulated housing development patterns affect all farms
in a similar way. The largest decrease is in the Central zone (Figure 9). The
reason for this is possibly that the agricultural land is already close to existing settlements and already severely fragmented in small patches. The agricultural land seems to be more resilient to densification in the other zones.
In a more realistic GIS-model with information about land ownership and
soil quality, the variation between farms becomes interesting. This would
make it unlikely that different scenarios affect small and large scale farming
differently. To conclude, it seems more important to choose location strategy than to limit the development rate in itself.
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Figure 10. (Above left) Forest land in Kungälv 2005.
Figure 11. (Above right) Remaining forest land with scenario
1c (dark and light grey) and 2c (light grey). Excerpt from the
sub-region Green zone between the towns of Kärna (left)
and Tega (right).
Figure 12. (Left)Average loss of forest land within 1000
meters from every farm per year for the six scenarios.
Figure 13. (Below) Accessible forest land in hectares from
farms in the existing situation (bef) and for the scenarios.

3.3. Forest land
The densification scenarios decreases forest land and consequently land for
forestry. In the analysis, we assumed that the plot of a new development
is on average about 100 meters radius from a building, i.e., 6500 square
meters. We measure accessible forest land within 1000 meters from every
farm. Actual land ownership and forestry activities are not accounted for in
the analysis. Only the proximity to farms is measured.
The loss of accessible forest land is very similar in the different sub-regions and as expected the highest in the sprawl scenarios. The differences in
loss of forest land between the concentration scenarios and sprawl scenarios are higher between the different development rates. It then again seems
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Figure 14. (Above) Fragments of recreational areas remaining after the concentration scenario 1c.
Figure 15. (Left) Average loss of recreational area within
1000 meters from every building per year for the six
scenarios.
Figure 16. (Below) Accessible recreational area in hectares
from all houses in the existing situation (black bar) and for
the scenarios.

more important to choose location strategy than to limit the development
rate in itself.
3.4. Recreation areas
The densification scenarios decrease major recreation areas pointed out
in the municipal plan as valuable for nature experience and outdoor life
(Kungälv 2000). We measured the size of undisturbed recreation area within
1000 meters from every house (Hörnsten & Fredman 2000). In addition, a
70-meter radius from every house is also considered as disturbed according
to the disturbance acceptance practice of the “the right of public access” law
to nature in Sweden. In Sweden, everyone has the right to walk in nature
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areas, but people travelling on “private” land must stay far enough from
a house so they are not visible. Typically in the countryside, this distance
has been defined as 70 meters. Being closer than 70 meters is considered
private territory, and “the right of public access” is not applicable. Areas
closer than 50 meters from private roads, 50 meters from national roads or
railroads, and 200 meters from motorways are not considered as significant
for recreation.
The effect of the densification scenarios on major recreational areas is
comparable to that of the effect on agriculture and forest land. Once again,
the sprawl scenarios lead to the greatest loss of land, and this is especially
true in the Green zone.
The decrease of accessible recreation areas is very similar in the different
sub-regions, and as expected highest in the sprawl scenarios. The differences in loss of recreation area between the concentration scenarios and
sprawl scenarios are higher between the different development rates. It then
seems again more important to choose location strategy than to limit the
development rate in itself.
4. Discussion and conclusions
Even if there are obvious limitations to the GIS-data and measures used
in the analyses, the results confirm earlier studies of rural development,
landscape fragmentation, and urban sprawl (EEA 2006, Compas 2007,
Weng 2007). We conclude that location strategy has a much larger effect on
landscape fragmentation and rural land uses than development rates. This
means in a concrete way that planning policies are needed otherwise sprawl
can cause serious damage to the landscape (EEA 2006, Martinuzzi 2007)
even in a sparsely built Scandinavian region like Kungälv. What is surprising is how little development rates affect fragmentation. The high development pressure in Kungälv means that the municipality faces the challenge
of balancing softer regulations on development rates against harder regulations on location. It seems that the municipality does best to recognize the
development pressure by maintaining a strong concentration policy as suggested by numerous researchers (Hayden 2003, Batty 2008), public authorities (Boverket 1994, EEA 2006), and planners (Calthorpe & Fulton 2001).
Our results show that different landscapes in Kungälv react differently
to densification. Agricultural land patterns are strongly affected by sprawl.
In the most extreme scenario (2c), almost all agricultural land is lost in
the Central zone. However, the agricultural land is not so fragmented in
the Coast zone, which is most probably due to large well connected crop
areas and relatively long distances to existing housing settlements. Forest
land and recreation areas are affected similarly in all sub-regions, except the
Coast zone, which is slightly more affected than the others. This is probably
because of the relative nearness of the existing buildings. We can also conclude that there is and will be the least amount of accessible recreation area
in the Central zone in 2005 where the need ought to be the greatest.

Paper V: Strategic exurban landscape densification

The differences in resistance to fragmentation suggest that the Kungälv
municipality needs to develop strategic policies fitted to each landscape type
or sub-region. Our results then would suggest that the Central zone from
a landscape fragmentation perspective should protect its recreation areas
and agricultural land. The Green zone can be developed with soft regulations unless special emphasis is given to maintain specific green areas. The
Coast zone should particularly protect its forest land and recreation areas.
As with the Green zone, the Forest zone is not so sensitive to fragmentation. These recommendations may be valid, although it is a little early to tell
since our GIS-data limited; however, the spatial planners at the municipality confirmed that it is precisely this kind of input that is needed to deal
with sprawl and to develop more precise policies.
Recent studies indicate that anti-sprawl policies can be fairly ineffective
if designed too vaguely (Bento et al. 2006, Cox 2006). If new developed
models of rural densification and landscape fragmentation are to be used as
a tool in practical urban and rural planning, the limitations and definitions
of the model have to be easy to grasp. All sprawl research and spatial planning must balance scientific accuracy (Ewing 1994, Torrens & Alberti 2000,
Frenkel & Ashkenazi 2008) and rhetorical simplicity (Nasser & Overberg
2001, http://www.sprawlcity.org/). Scientifically, the difficulty to make appropriate sprawl indices is not in the modelling but how to choose and integrate empirically tested measures and data and how to communicate them.
There is little doubt within urban geography, urban morphology, landscape
ecology, and related fields that sprawl research has to be developed. More
cross-disciplinary work has to be done in dialogue with spatial planning
practice to systematically evaluate policies (Ulfarsson & Carruthers 2006)
and designs (Batty 2008). If research can find the fundamental drivers of
more compact suburban and exurban development, planning processes can
be simplified in favour of individuals and rural market interests.
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Paper VI: Greening metropolitan growth

1. Introduction
This paper examines alternative ways to analyze the distribution of regional
densities and green space. We introduce new measures and concepts that
in a concrete way show how green in general and nature recreation areas
in particular can be studied as an interwoven part of the urban landscape
morphology and regional development scenarios. Practically speaking, this
has been a central task for regional planning from the 19th century, including today’s studies of growing metropolitan regions.
“The story of cities and nature is both a love story and a battle and in
both, green structure may be a useful concept. Structuring the scattered archipelago of green areas means joining forces in a battle to defend vulnerable green spaces against increased pressure from busy traffic, construction works and other dynamic urban activities. But green
structure may also describe a policy to create conditions for the love
story between urban citizens and their parks and playgrounds. Both
the rich and poor benefit from the presence of a green network, a green
structure that links small gardens and neighbourhood greens to the
green fingers and green belts of the urban landscape”. (COST 2005)
This quotation represents a summary of 40 experts in green structure and
urban planning from fifteen countries in Europe gathered in the EU-financed project COST Action C11 (COST 2005). Green areas are as much
part of cities now as they were in the beginning of modern urban planning
in the 19th century. Green areas were and are used for sustaining and promoting as well as limiting and controlling urban growth. From a regional
perspective, the most concrete green land pattern and planning paradigm is
the green belt. The idea was born parallel to modernist planning in the 19th
century and pioneered in the UK. The first documentation on green belts
was in John Claudius Loudon’s 1829 plan for London (Turner 2008), but
the most influential diagram was presented by Howard in the book “Garden cities of to-morrow” (Howard [1898] 1945), a strategy implemented
in a comprehensive green belt policy for fourteen cities in the UK, such as
Abercrombie’s Greater London Regional Plan from 1944. In this plan, the
concepts are developed into a “park system” to provide open spaces from
garden to park, from park to parkway, from parkway to green wedge, and
from green wedge to green belt. The park system’s prior aim was to limit
urban sprawl by using small urban parks that ensure quality of life close to
people and a large green belt to define the city periphery.
Abercrombie’s concepts are still used today in regional green structure
planning in cities all over the developed world. For example, green belt policies have been applied in Adelaide, Melbourne, Ottawa, Ontario, Vancouver, Toronto, Seoul, Beijing, Hong Kong, Portland, Minneapolis, Virginia
Beach, Lexington (http://en.wikipedia.org/wiki/Green_belt), and more
than 20 cities in the San Francisco Bay Area (http://greenbelt.org/). In these
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Fig. 1. Howard’s diagram on the Garden City and its green belts (Howard [1898] 1945) and Abercrombie’s
open space plan for Greater London for green belts and green wedges (Abercrombie 1944).

examples, the green belt is a protected land aimed to reduce sprawl and to
compact the city core, an approach that is often supported by an “Urban
Growth Boundary” (UGB).
The outcomes of green belts and UGBs have been heavily debated, and
research shows that these land use policies could compact city cores preserving prime farm and forest lands from urban encroachment (Nelson &
Moore 1993, Nelson 1999), leading to benefits from the amenity value of
living near the greenbelt, recreational resources, bequest and heritage values, and biodiversity (Bengston & Youn 2006). On the other hand, green
belts mean that fast growing cities leap-frog over the boundary and actually
develop low density sprawl (Nelson 1994, Kelly 1993). This will actually
enhance negative consequences of sprawl, such as automobile dependency
and low levels of public transport for those living outside the UGB. Also differences in housing prices increase creating patterns of social segregation
(Bengston & Youn 2006). Research also shows that where state control and
planning authority is diminishing and market forces take over, previously
protected green belts, such as those in post-Soviet Russia, are developed
by “elite suburban housing” (Boentje & Blinnikov 2007). Similar development is ongoing in Beijing (Yang & Jinxing 2007), Hong Kong (Tanga et al.
2007) and Seoul (Bengston & Youn 2006). However, when looking at the
city cores in heavily sprawled cities such as Detroit, Atlanta, and Dallas,
there seems to be a relation. This “donut effect” is often boosted by inner
city cores that lack useful public open space.
In Nordic countries, UGBs have not been systematically used and the
discourse on green belts has not had any real effect in planning politics.
What has been heavily debated, especially in Copenhagen and Stockholm,
is the concept of green wedges. In Stockholm, the General Plan from 1952
suburban development is set out along subway lines. In Copenhagen, the
Finger Plan from 1947 created a similar urban morphology. Abercrombie’s
Greater London Regional Plan inspired both plans, but both plans emphasized star shaped urban development with green wedges rather than a compact city with a green belt. Since then, Stockholm and Copenhagen have
doubled in size – from one to about two million people – with extensive
urbanization and sprawl. The importance of green areas in this urbaniza-
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Fig. 2. The two scenario “FÖRDELAD” (left) and “TÄT” (right) proposed for the regional development plan
2010 (RTK 2008).

tion process has been especially highlighted in Swedish national planning
policies (Boverket 2007a,b).
When looking at the regional development plan for Stockholm from
2001 (RTK 2001), the green wedges are still the central theme for the regional green structure (RTK 1990, RTK 1992) and currently planning authorities are introducing conservation areas such as nature and culture reserves to preserve this green structure (LSTY 2003). Compared to UGBs
and green belts, wedges are probably a much more efficient way of treating
the preservation of regional green because they do not limit urban growth
in the same absolute way. Wedges, a continuous green area connected to
the rural countryside, can be integrated into the central city core irrespective of the size of the city. The city can keep on growing and preserving
the ‘wedginess’. The determining factor instead becomes the width of the
wedges when the city grows.
Currently, the regional planning authority is formulating a new regional
development plan to be implemented in 2010 (RTK 2008). In this work,
urbanization is expected to continue with an estimated population growth
of about 200 000 people every ten years within Stockholm County. Different development scenarios have been modelled and evaluated, and what
has been concluded is that sprawl is slowing down and that urban growth is
also pointing inwards. What the region faces is mass densification. This has
finally been modelled in two scenarios: “FÖRDELAD” for decentralization
into regional cores and “TÄT” for centralization.
The emphasis on densification and green wedges is not necessarily the
same discourse as the debates on green belts. Belts have a fixed radius and
‘ringiness’, but wedges can be transformed and translated into greenways or
even green networks interwoven in the urban fabric without losing its function and identity. Given the current patterns of urban growth, it focuses on
suburbia. What we are facing is “After sprawl” (Xaveer De Geyter Architects
2002): the challenge of compacting the suburban landscape that was built
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Fig. 3. Part of the “green wedge” Järvakilen in suburban Stockholm (Kartago 2008) and the plan for Downsview park in suburban
Toronto (http://www.brucemaudesign.com/).

in the 20th century. This puts particular pressure on the large stretches of
undeveloped land in suburban settings where green wedges face a future
transformation from nature to park, from single use to multi use, from impediment to landscaping (Erixon et al. 2008). Due to the nature of contemporary urban growth, many large suburban greens have started to be developed as landscape parks promoting urban growth, rather than limiting it,
like the Downsview park project in Toronto and the Orange county park in
California (Czerniak & Hargreaves 2007). A field of “landscape urbanism”
design and research practice is starting to evolve from this development
(Waldheim 2006).
It is evident that a regional green plays an important role in distributing
quality of life and health amenities that have a substantial impact on real
estate values (Tyrväinen 1998, 2000, 2001). In Sweden, suburban housing
is sold with nature (see developer websites: http://www.jm.se, http://www.
jarvastaden.se/). This means that how we preserve and develop a certain
type of green (nature) structure is crucial for the developer and the building industry. The correlates between urban (regional) green and real estate
value, health, income, and population structures are thus surprisingly unexamined. There is very limited research given the large surface area they
consume in cities, especially in Nordic countries. What is it good for? Who
does it benefit? And above all – in which environments are dense settlements combined with high green space accessibility, creating a compactness that benefits all citizens, both residents and businesses?
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Nature
recreation
value
Forest

Description from RTK (2004)

Our GIS-measure

Continuous forest area older than 60
years. Low noise. 250 meters from major
roads.

Wilderness

Older forest and untouched nature. Low
noise. 250 meters from major roads and
settlements.

Openness

Water areas and open landscapes. Low
noise. Panoramic views.

Diversity

Areas with biodiversity, edges of woods,
shores lines, and wetlands.

More than 75% forest biotope within 100 meters from
every parcel and at least 250 meters from major roads
(motorway or highway). Areas must be at least 4 hectares.
More than 75% coniferous forest, wet forest, and wetland
biotopes within 100 meters from every parcel, and at
least 100 meters from built up settlements, 100 meters
from all roads and 250 meters from a major road (motorway or highway). Areas must be at least 4 hectares.
Water areas and more than 75% open crop land biotopes
within 100 meters from every parcel, and at least 100
meters from major roads (motorway or highway). Areas
must be at least 4 hectares.
25 meter buffer around the edge between forest and open
land, and between land and water areas. Also included
are wet forest, wetlands, and noble broadleaved forest.
Areas must be at least 4 hectares.

Table 1. RTK’s description of the four nature recreation values and our GIS-measure translating landscape patterns to nature
recreation values.

2. Theory and methodology
This study is supported and partly financed by The Office of Regional Planning and Urban Transportation in Stockholm (RTK) and the Swedish Research Council FORMAS. The research project’s aim was to study regional
green in terms of the distribution of nature recreation areas and to study
how these areas were affected by the two proposed scenarios for 2030 in
the proposed Regional development plan (RTK 2008). The study was conducted in close dialogue with the regional planners.
2.1 Mapping potential nature recreation
In an earlier study for the Stockholm County Administrative Board, a
method for mapping potential regional nature recreation values was investigated (Spacescape 2007). The method developed started from an existing map of the “social values” of the green wedges (RTK 2004:1-10) based
on a qualitative survey of people’s evaluations and expectations on nature
outdoor recreation and various municipal mappings of nature values (RTK
2003, 2004). This approach is similar to the sociotope mapping model developed at the Stockholm Urban Planning Administration (Ståhle 2006).
In the existing map from RTK, seven main social values were identified:
“forest”, “wilderness”, “openness”, “diversity”, “cultural landscape”, “service”,
and “physical activities”. In our study, the first four were selected to represent nature recreation in an urban context representing quite exclusive
amenities for an urbanite that also proved to be significant to contemporary
(Nordic) urban life quality (Grahn & Stigsdotter 2003).
The previous study correlated the existing mapping of the four nature recreation values by RTK (2004:1-10) with GIS-analyses of landscape patterns.
A GIS-measure was developed for every nature recreation value (Table 1).
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Measure
Total Nature Recreation Area
(TNRA)
Total Floor Area (TFA)
Land Use Mix (LUM)
Floor Area Ratio (FAR)
Spaciousness Ratio (Open
Space Ratio: OSR)
Compactness Ratio (Spatial
Compactness Ratio: SCR)

Formula
Nature Recreation Area X Number of Values

Area
X

Location
X

Residential Floor Area + Non-Residential Floor Area
Residential Floor Area / Total Floor Area
Total Floor Area / Area of Analysis [3,14 Mn sqm in location analysis]
Total Nature Recreation Area / Total Floor Area

X
X
X

X

X

similar
Loc TFA
X

(Total Nature Recreation Area X Total Floor Area) / (Area
of Analysis)2

X

X

Table 2. Measures on landscape morphology used in the study.

Landscape patterns were described using regional maps of over built-up
areas, road systems, and biotopes. Built-up areas consisted of parcels with a
total Floor Area Ratio above 0.05 at a parcel-level of 100X100 meter. Builtup parcels also contain data on the amount of residential and non-residential floor area. The road system was separated into classes of roads from local roads and streets to national motorways. (RTK 2007) The biotope maps
came from a national satellite survey of nature types “Kontinuerlig naturtypskartering” (Naturvårdsverket 2004) at a parcel level of 25X25 meters.
The main aim of this mapping was to identify areas for nature conservation
from a rural landscape ecological point of view. When applying this model
to urban settings from an anthropocentric point of view, this is of course
a limitation resulting in some bias in the results. On a comprehensive regional scale, this distortion, however, is not particularly significant; in fact,
the GIS-measures for “forest” and “openness” highly correlated to the mapping of urban nature recreation value map from RTK. For “wilderness” and
“diversity”, the results were not as strongly correlated due to the diversity of
local mapping methods in the RTK material. (Spacescape 2007) Given the
broad definition of these values, our analysis represents a fair amount of
valuable land and does not seem to affect the major result patterns.
We used this same methodology for the whole Stockholm County that
was developed in the earlier study (Spacescape 2007). The GIS-measures
used neighbourhood statistics on biotopes and buffers on roads and builtup settlements to create the different nature recreation areas. In analyses of
the current landscape morphology and of the development scenarios, the
four nature recreation values were fused into one layer with the number of
values. In calculations of the amount of nature recreation areas, the number
of values was multiplied by the surface area; that is, areas with several recreation values imply a larger useable space. This method has been verified in
previous green space studies (Ståhle 2005).
2.2 Analyzing landscape morphology
The (parcel) raster GIS-data on nature recreation areas and the built-up
volume (residential and non-residential floor area) can produce many morphological analyses that can be executed that are useful for regional plan-
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Whole landscape (H)
Water (W)

Built-up (B)

Land (L)
Nature recreation (N)

Other (O)

Table 3. Landscape type for presenting analysis results.

ning. In this study, we have performed a variety of analyses from simple
density measurements to more combined morphological indices.
Two types of analysis were made – area analysis and location analysis.
Area analysis simply means calculating the spaces within a sub-region. Location analysis means calculating accessible space within a certain radius.
In raster-GIS, this is done using neighbourhood statistics. In transportation
research, it is called attraction-accessibility (Miller 2007), and it is commonly used in walkability studies (Lee & Moudon 2006). The radius was
set to 1000 meters based on previous studies that report this to be the distance that people are generally willing to walk (Ewing, 1995; Hottenstein
et al., 1997) and also particularly to nature recreational areas in Sweden
(Hörnsten & Fredman 2000). It has to be noted that accessibility is here
not measured in a network but as straight-line buffer distance due to lack
of network data, limiting and reducing perceived pedestrian space (Ståhle
2005). Even so, there are studies that that have found straight-line distance
to correlate with walking behaviour (Lee & Moudon 2006). Location analysis results were summed up as averages within every sub-region.
As shown in Table 2, location analysis is calculated for density indices
such as FAR, which roughly describes accessible population (potential
visitors) and Spaciousness ratio (commonly known as Open Space Ratio),
which roughly estimates the potential crowdedness in open space, in this
case nature recreation areas. Introduced in this study is the Spatial Compactness Ratio (SCR), which indicates when there is significant accessible
floor area and nature recreation area. This measure consequently increases
when built urban areas integrate spaces for nature recreation, a strategy that
affects high-density cores. This Compactness Ratio is consequently a new
type of indicator of sprawl-like development patterns directly connected to
open space since open space determines where urban development (densification) is possible and since it can control the limits of urban growth (e.g.,
Green belts) and also since under certain circumstances it can promote urban growth (e.g., Central Park).
Results were also sorted by landscape type within sub-regions: whole
landscape (all parcels), which is divided into water and land, and where the
latter is divided into built-up areas for nature recreation areas and for other
areas that do not fit into these last two categories. So-called “other areas”
could theoretically be considered as impediments, but in practise these
spaces contain many very low-density surfaces such as extensive industrial
areas, derelict open spaces, and even some urban park areas without the
selected nature recreation values. This last observation is important since
it limits the scope of this study, a limitation that allows the integration of
quite exclusive nature recreation spaces in the urban structure, not public
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green space in general. Nevertheless, this is especially intriguing since nature is often regarded as something opposed to urbanism, a view that this
study shows is actually incorrect.
Analysis results were agglomerated by 43 sub-regions, which are the municipalities within the Stockholm County and city districts within Stockholm City (large central municipality).
2.3 Searching for health and socioeconomic correlates
How can we explain the large amounts of green space in cities? A major challenge for green structure research is to find evidence on its social and economical importance. Can nature recreation areas or compactness explain health
status? In this study, a questionnaire on perceived health in the Stockholm
County (SLL 2007) is used for correlating health status with the landscape
analysis. The questionnaire was sent out to 57000 people (61% response rate).
In addition, demographic data (SCB 2006) is used to look for relations between ages and urban morphology: Is it true that families with children move
from high density areas? Does compactness have any effect on demography?
Lastly, data on income (SCB 2006) was correlated with the landscape analysis.
It is of vital importance for urban growth and “spatial justice” (Soja 2000) to
investigate whether there is a relation between wealth and nature recreation
accessibility or compactness in the sense measured in our study.
2.4 Evaluating scenarios
This study evaluates the two development scenarios for the year 2030 modelled by The Office of Regional Planning and Urban Transportation for the
proposed regional development plan (RTK 2008). The two scenarios were
created by a set of spatial development rules that defined attractions and
restrictions. Attractions were mainly generated by accessibilities created
by the infrastructure such as roads and public transport. Restrictions were
mainly areas where it is not possible or preferable to build, such as water
and nature reserves. Hence, green structure served as a restriction (limiting growth) or a passive background where new developments were set.
The “FÖRDELAD” (allocated) scenario follows the old regional plan strategy from 2001 to decentralize the central city core to a couple of external
regional cores in outer suburbia. The “TÄT” (dense) scenario focuses on
developing the existing central city core to, among other things, counter
sprawl. The measures examined in the existing situation were applied to
evaluate the scenarios.
3. Results
The results from the GIS-analyses are presented as maps over the central areas of the Stockholm county region: the city core, inner suburbs, and outer
suburbs. Rural areas are basically not shown in the maps but are of course
represented in the statistics. First, the contemporary landscape morphology
is described and then the investigations of correlates are presented. Lastly,
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Fig. 4. “Wilderness” and “Forest”

Fig. 5. “Openness” and “Diversity”

the evaluation of the two regional planning scenarios is described.
3.1 Contemporary landscape morphology
The images below show the analysis results in the city core, inner and outer
suburbs of Stockholm, and the central part of Stockholm County. Exurbia
and rural areas are of course also represented in the statistics.
The Stockholm county region is for the most part rural, dominated by
forest and agricultural land that are potential nature recreation areas. The
more interesting areas for investigating, areas where urban growth is ongoing are in the suburban landscape of the metropolitan area of Stockholm. It
is here that the concepts ‘green structure’ and ‘wedges’ become relevant. As
shown in the maps, the wedges of nature recreation areas are cut off at several locations, creating something more similar to green chains or ‘strings
of pearls’. These are also interconnected by stretches of water going into to
the very core of the inner city. This is in large parts an integrated blue-green
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Fig. 6. Total
nature recreation
of the Stockholm
metropolitan
area.

structure that explains much of the results below.
Higher densities are and mixed land uses are mostly found in the city
core with a few exceptions in new towns and external towns.
The results show interesting patterns that is rather self-evident for anyone working with regional or urban planning in Stockholm. Perhaps the
high compactness in the inner city is surprising, but as Stockholm is well
known for its central water and nature areas like Riddarfjärden, Djurgården
and Långholmen, this is not really unexpected. Looking at the relation between Location TFA and Location TNRA, it reveals limits to compactness.
It is not possible to build too dense and at the same time have nature. This
is further emphasized by looking at the relation between Location SCR
and Location OSR. The diagram shows an L-shape, a configuration that
explains urban form in a concrete way. Compact settings are in general also
less spacious since compactness can be increased by building height, i.e.,
overlaying floor area.
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Fig. 7. Total Floor
Area and Land
Use Mix (black =
25-75% residential, i.e. highly
mixed parcels)

Fig. 8. Location
Floor Area (L)
and Location Nature Recreation
Area (L). Darker
= higher value.

Fig. 9. Location
Compactness
Ratio (L) and
Location
Spaciousness
Ratio (L). Darker
= higher value in
the former and
reversely in the
latter.

Fig. 10. The
relation between
Location TFA
and Location
TNRA (B). The
relation between
Location SCR
and Location
OSR (B).
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3.2 Health and socioeconomic correlates
Regression analysis was used to evaluate the dependency between variables
and the correlation coefficient was used to test independence between variables (Montgomery 1991). In addition, descriptive statistics and graphical
methods were used to characterize the data. All analyses were carried out
using the MINITAB system, and the 5, 1, and 0.1% levels of significance
were considered. In the case of a statistically significant result, the probability value (p-value) has been given.
We investigated correlates by sub-regions in Stockholm County municipalities and the city districts within Stockholm City municipality. Because
the sub-regions have an internal heterogeneous morphology and suffer
from the “Modified Area Unit Problem” (Openshaw 1984), results are in
some cases quite arbitrary. Location measures from built-up areas are one
way to deal with this bias. In the search for correlates between the landscape
morphological analysis and health and socioeconomic variables, some significant relations have been found that indicate the long-term impact of
landscape morphology and spatial density on urban society.
3.2.1 Land use mix
Land use mix, measured as the share of residential floor area, is significantly related to location FAR (B) (R2=0.649, p<0.001). By adding Location TNRA (B) in a forward stepwise regression, the correlation increases
significantly (R2=0.77, p<0.001). It clearly looks like high density is needed
to uphold land use mix, but that regional green structure can play a part
in the mix. This result is emphasized when looking at the share of highly
mixed parcels with 25-75% residential space within the built-up areas and
its correlation to location SCR (L), which is considerably high (R2=0.729,
p<0.001). These measures, however, do not say anything about park planning, walkability, and traffic regulation at the neighbourhood scale. This
remains to be investigated although we know from previous studies (Ståhle
2005) that Stockholm inner city districts have both high nature recreation
and park accessibility. Hence these results would probably be roughly applicable in a more detailed scale. Development rates in the central parts of
Stockholm somewhat confirm the attractiveness in the land use mix created
by high compactness.
3.2.2 Development rates
No strong correlations were found between landscape morphology and the
number of new apartments built between 2000 and 2006. There is a weak
tendency (R2=0.169, p<0.006) that more have been built in already dense
districts close to the inner city districts rather then in suburbia, which supports the claim that the city has in recent years also been built inwards. There
are however some inner city districts – e.g., Norrmalm and Östermalm –
that have been developed very little. When looking at the volume of new
development in relation to the density where it is built (New apartments/
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Location FAR (B)), another pattern emerges where we find fast growing and
sprawling suburbs such as Värmdö, Nacka, and Österåker east of Stockholm,
close to the attractive archipelago. These areas have a high degree of nature
recreation area accessibility (R2=0,370, p<0.001). Although the correlations
are not very strong, it shows tendencies, well known to urban planners, that
central density (or compactness) and peripheral nature (or spaciousness) simultaneously attracts urban densification and sprawl development, respectively. This becomes more evident when looking at income correlates.
3.2.3 Income groups
No correlations were found between income and any morphological measure for all sub-regions. However, interesting relationships were found
when sorting out sub-regions of different land density in terms of Area FAR
(L). In the group of higher area densities (FAR=0.19-0.6), some, though not
highly significant, correlations were found between income levels and Area
SCR (R2=0.474, p=0,019). This would mean that the higher compactness
the higher income in Stockholm inner city and inner suburbs, which also
means that lower incomes are located in less compact settings. Incomes
in this urban group range from the lowest (110 000 SEK/year) to one of
the highest (302 000 SEK/year) in the County. When looking at the outer
suburbs, or rather exurban and rural settings, with very low Area FAR (L)
(<0.02), the relation is in fact reversed. Here higher incomes means lower
Location SCR (R2=-0.552, p=0.002), but higher Location OSR (R2=0.373,
p=0.020). This indicates that higher incomes seem to correlate with spacious areas in rural settings, seeking the ‘splendid isolation’ that, for example, can be found in the Stockholm archipelago. There are, of course,
many other variables that affect the location of different income groups.
The correlation analyses below show that some of the morphological measures relate to perceived health and children demographics.
3.2.4 Health
Perceived general health status correlates quite significantly with income
(SLL 2007). Since there are some relations between income and landscape
morphology, it is possible that income is part of the health correlates found;
however, no strong correlations were found between perceived general
health status or specific health issues such as depression, trust, and loneliness and any morphological measure. However, a more compact landscape in terms of Location SCR (L) correlated to less overweight (R2=0.47,
p<0.001). The correlation included all sub-regions. This finding relates to
other research such as Frank et al. (2004), a study that emphasized that
denser settings encourage walking and discourages car use, which can
decrease overweight and obesity. Low Location TNRA (B) was related to
reduced psychological well-being (R2=0.40, p<0.001). This result confirms
Grahn and Stigsdotter’s results (2003), which show that closeness to nature
can benefit psychological health and reduce stress.
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3.2.5 Children density
There is a slight tendency that high accessible floor area means a lower
percentage of children (0-6 years) in the population. This is often emphasized in regional planning –families with children move out of dense areas.
However, when looking at the number of children per square meter, there
is a relation to accessible floor area and compactness from built-up areas
(R2=0.54, p<0.001). This might say something about the micro environmental qualities in Stockholm inner city, i.e., park planning, walkability,
and traffic regulation. Families with children in Stockholm have probably
not moved to the suburbs to the same extent as, for example, in North
American donut-cities. Surprisingly, there is very little correlation between
nature recreation area accessibility and children density.
3.3 Performance of scenarios
The GIS-analyses of the two scenarios FÖRDELAD (allocated) and TÄT
(dense) for the Stockholm County region 2030 show some differences in
outcome for regional nature recreation areas, density, compactness, and
spaciousness.
The average change for the whole county region is not as interesting as
the differences in change within the region. There are also some interesting
differences between scenarios. FÖRDELAD, for example, is more spread
out in the periphery; however, they both have morphological deficiencies
in inner suburbia in terms of the relation between compactness and spaciousness.
3.3.1 Built-up density
The amount of total floor area added is principally the same for both scenarios, increasing approximately 28%. There are some significant differences within the region. TÄT means a bigger increase in floor area in the inner
city and the outer suburbs. FÖRDELAD results in a considerably higher
increase in exurban rural areas.
The results for location TFA (accessible floor area) from built-up areas
shows a rather different picture because it is a measure that captures the
structural morphology. With this measure, the average accessible floor area
is increased by 12% in FÖRDELAD and 26% in TÄT. Within the region, there
are some major differences. The largest addition is made in the outer suburbs
and in the inner city. There is generally a slight stronger densification in TÄT
except in the rural areas where FÖRDELAD has a larger increase.
3.3.2 Nature recreation areas
The amount of nature recreation area decreases with approximately 1% in
both scenarios. Looking at the differences within the region there is a different picture. There is actually a quite large decrease, -10 to -30%, in the inner
suburbs. The decrease subsides towards the urban periphery.
The connectivity of nature recreation area (measured as accessible nature
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Fig. 11. Average change in percent in the Stockholm County region for the scenarios FÖRDELAD (light grey)
and TÄT (dark grey). TNRA, TFA, Land Use Mix, and 25-72% Mix are area measures. The rest are location
measures that show accessibility within 1000 meters for nature recreation land (N) and the built-up land (B).

Fig. 12. Average change of floor area in percent in the Stockholm County sub-regions for the scenarios
FÖRDELAD (light grey) and TÄT (dark grey). Sub-regions are sorted by area density (Floor Area Ratio) from
left to right.

Fig. 13. Average change of accessible floor area from built-up areas in percent in the Stockholm County
sub-regions for the scenarios FÖRDELAD (light grey) and TÄT (dark grey). Sub-regions are sorted by area
density (Floor Area Ratio) from left to right.

recreation area within 1000 m from nature recreation parcels) decreased on
average by only 1%. This fragmentation is slightly higher in inner suburbia.
Looking at the potential visit frequency to nature recreation areas (measured as accessible floor area from nature recreation parcels), it increases
by 26% in FÖRDELAD and 12% in TÄT. The reason for this is the great
increase in rural areas in FÖRDELAD, although TÄT puts a slight higher
pressure on central nature areas because of centralized densification.
Concerning the accessibility to nature recreation from built-up areas,
there are significant differences between scenarios. FÖRDELAD has aver-
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Fig. 14. Average change of nature recreation area in percent in the Stockholm County sub-regions for the scenarios FÖRDELAD
(light grey) and TÄT (dark grey). Sub-regions are sorted by area density (Floor Area Ratio) from left to right.

Fig. 15. Average change of Location TFA in nature recreation areas in percent in the Stockholm County sub-regions for the scenarios FÖRDELAD (light grey) and TÄT (dark grey). Sub-regions are sorted by area density (Floor Area Ratio) from left to right.

Fig. 16. Average change of location compactness from built-up areas in percent in the Stockholm County sub-regions for the
scenarios FÖRDELAD (light grey) and TÄT (dark grey). Sub-regions are sorted by area density (Floor Area Ratio) from left to right.

Fig. 17. Average change of location spaciousness from built-up areas in percent in the Stockholm County sub-regions for the
scenarios FÖRDELAD (light grey) and TÄT (dark grey). Sub-regions are sorted by area density (Floor Area Ratio) from left to right.

Fig. 18. Average change of location spaciousness from built-up areas in percent in the Stockholm County sub-regions for the
scenarios FÖRDELAD (light grey) and TÄT (dark grey). Sub-regions are sorted by area density (Floor Area Ratio) from left to right.

age increase by 8% and TÄT has an average decease by 5%. This difference
is mainly created by the large increase in rural areas in FÖRDELAD. Otherwise, the alternatives are quite similar. Both decrease, especially in inner
suburbia and inner city.
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Fig. 19. Principal section on the change of Location TFA, Location TNRA, Compactness and Spaciousness
in the scenarios FÖRDELAD (left dotted arrows) and TÄT (right arrows) for the Stockholm county region
2030, based on the proposed regional plan RUFS 2030.

3.3.3 Compactness
Location compactness, measured as the product (combination) of location
TNRA and location TFA, increases by 7% in FÖRDELAD and 13% in TÄT.
There are large differences within the region. In FÖRDELAD, compactness
increases in rural areas, outer suburbs, and the inner city. In TÄT, compactness increases in outer suburbs and the inner city slightly higher than in
FÖRDELAD. Both scenarios have unchanged or slightly decreased compactness in the inner suburbs.
3.3.4 Spaciousness
Location spaciousness, measured as the quotient of location TNRA and
location TFA (roughly ‘nature recreation area per person’), increases on
average by 63% in FÖRDELAD and decreases by 11% in TÄT. The distribution in the region is evident and given by the spread out settlements in
FÖRDELAD that create a radical increase in spaciousness in rural and exurban areas. Spaciousness decreases in suburbia and even more in the inner city in both scenarios. This is a result of the green wedges and current
centralized density structure. When the periphery has low-density settlements in nature, it increases spaciousness. When the inner city is densified,
it decreases it.
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3.3.5 Summary
TÄT is more densified centrally than FÖRDELAD. The biggest addition in
floor area is in the outer suburbs in both scenarios. The development in rural areas in FÖRDELAD means considerably higher accessibility to nature
recreation in the periphery. Both scenarios decrease in nature accessibility
in the central parts of the metropolitan region. Taken together, this means
an average increase in spaciousness in FÖRDELAD, but a decrease in TÄT.
Compactness is raised in the inner city and in the outer suburbs in both
scenarios but most in TÄT. Consequently, FÖRDELAD manages to raise
both compactness and spaciousness. Yet both scenarios suffer from loss in
both compactness and spaciousness in the inner suburbs due to the little
increase in density and great loss in nature recreation area. This kind of
densification of inner suburbia could then be considered sprawl, lowering
compactness and perhaps supporting further sprawl in the city’s outer peripheries.
4. Conclusions and discussion
This study examines Stockholm County density and landscape morphology. Stockholm is a relatively green and spacious metropolitan region with
a small compact core compared to other big cities in the developed world.
An important aim was to seek the relation of landscape morphology to a
number of dependent variables such as land use mix, development rates, income groups, health, and children demography. Some interesting correlations were found, especially with new measures such as spatial compactness
ratio (Location SCR). Higher density and compactness means potential for
land-use mix. This is important since land use mix often is a major aim in
contemporary urban planning when it comes to creating urban quality and
walkability (Kerr et al. 2007); land use mix is also claimed to stifle the distribution of nature recreation areas (Lee & Moudon 2006).
Urban growth from 2000 through 2005 developed both in the centre
and in outer suburbia. There is a slight tendency that new city core developments seek higher densities and suburban and exurban developments seek
closeness to nature recreation areas on the coastline. This is confirmed by
the income correlates. Higher income groups seem to seek the benefits of
compactness in highly urbanized areas, but the benefits of spaciousness in
exurban settings that are more automobile dependent. Suburbs are most
likely a mix of these two polarities. They can be relatively compact with a
high level of public transport service or spacious with a high automobile
dependency. Higher income groups probably seek to maximize the two.
Correlations were found between morphology and some particular
health issues. Low compactness related to overweight and low nature recreation accessibility related to reduced psychological well-being. These finding are not surprising given earlier research on walkability and travel behaviour (Grahn & Stigsdotter 2003, Frank et al 2004, Lee & Moudon 2006, Kerr
et al 2007, Litman 2007). This study also found a high density of children
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in the Stockholm inner city. This can be explained by the relatively high
compactness creating work places and residential qualities simultaneously.
The correlations imply that cities actually generate useful nature, and urban
and landscape planning is partly responsible for allocating prosperity by
including green structures. At least this is a challenge facing contemporary
planners and urban designers.
How then is this challenge taken up by the regional planners in Stockholm
2008? The analyses of the two scenarios for the Stockholm County region
2030, FÖRDELAD (Allocated) and TÄT (Dense), indicate a limited consideration of the potential in inner suburbia. Consequently, there is an acceptance
that the Stockholm region needs to or will sprawl. Sprawl and its increased
spaciousness in (outer) suburbia are demanded by many citizens (especially
considering current oil and energy prices). We also know that compactness
is demanded in more central locations. Hence a decline in spaciousness in
(inner) suburbia would be accepted if compactness also was raised, which
is not the case in the scenarios studied here. The apparent risk of this kind
of development is that suburbia will lose its attractiveness to a level that will
fuel peripheral sprawl even more. This is a development that has obvious
consequences for economical, social, and environmental sustainability. Losing both spaciousness and compactness in suburbia cannot possibly benefit
competitiveness, social justice and sustainability, which are the prime goals
stated in the proposed regional plan for the Stockholm County region (RUFS
2010). Thus, the vision seems far from becoming a reality.
Although the findings in this study are promising, there are several
serious limitations in data and models. When analyzing urban landscape
morphology (whole landscape including green, built-up areas, roads and
streets in cities), borrowing methods from landscape ecology is of course a
limitation. Using buffer analysis and not network distances is also a brave
reduction of the notion of distance and cognitive accessibility. In fact, at
the least, one should use methodologies and data created within the field of
urban morphology, space syntax, and accessibility research when working
in urban settings (Batty 2008, Ståhle et al 2005, Ståhle 2005). The correlates
between urban (regional) green and real estate value, health, income, and
population structures are still amazingly unexamined. There is very limited
research given the large amounts of land green space in these cities, especially in Nordic countries. What is it good for? Who does it benefit? And
above all – in which environments are dense settlements combined with
green space, creating a compactness that benefit all citizens, both residents
and businesses?
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1. Introduction
One of the biggest challenges for future urban planning and design is how
to cope with sprawl, or more specifically, with the suburbia that has been
built over the last century (See GUST 2000, Xaveer De Geyter 2002, COST
2005, EEA 2006). Many planners and designers are now asking this question – How can suburbia be densified and what is the role of public open
space? Contemporary European and American cities consist of 5-50% public open space, often with a large share of public parks, nature areas, and
green belts (Peterson 2002, SCB 2002, Oh & Jeong 2007). This comprises
huge amounts of potential development and value for the building and real
estate industry, which subsequently could make a major contribution to
urban growth. Normally, open space is scarcer in dense central areas, yet
highly urbanized areas like Manhattan in New York and the inner city of
Stockholm have 5-15% public open space. Why is this space not built up?
So far, there is very little research in economic geography or urban morphology that explains this (COST 2005, pp. 267-273).
In Sweden, suburban densification started seriously in the 1980s. It has
been called “building the city inwards” or “city healing” where the former
has been the paradigm for the City Plan of Stockholm since 1999. Many policies, such as Stockholm’s City Plan and the “Urban renaissance” program
introduced in the U.K. (Rogers 2005), proposed to build on semi-central
industrial land and save green space due to environmental concerns and
Not-In-My-Backyard effects. In many big cities such as Stockholm, many of
the brownfield developments have now been realized. However, they have
all been criticized for being too dense, lacking green space, and often not
child friendly enough, especially since a lot more families than was expected have moved in (Miljöförvaltningen 2007). The Stockholm City Planning
Authority has now, in the beginning of the 21st century, reached a point
where it can no longer rely on the comfortable strategy of avoiding green
space exploitation by building on brownfields and parking lots. The pressure on the inner rather dispersed “green” suburbs is too strong. The demand for new urban design strategies on how to deal with this is expressed
in the current discourse among planners.
“When we have developed Hammarby Sjöstad, Liljeholmen, Norra
Station, Västra Kungsholmen and Värtan [semi central industrial areas], we will definitely look at the voids of suburbia, often the green
spaces that separates our suburbs. […] Today we want city life, that’s
the mega trend. Hence we can densify and increase the density we got.
But if we are going to develop these voids, how do we do it?” Bengt
Andrén, head of suburban planning, Stockholm City (Berkefelt et al
2007, author’s translation)
Stockholm is not unique. Many big cities are facing great planning and design challenges when it comes to the densification of suburbia and its open
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spaces, i.e., ‘compact sprawl’.
2. Theory and methodology
The background described above has been outlined in dialogue with a
reference group from the Stockholm City Planning Administration and
the following study is based on a commission from the same authority to
deepen the understanding of the concept of densification and to test suburban densification scenarios. Therefore, this study examines these issues and
ideas central for urban design practice in Stockholm today. The theory and
methodology used in the study is basically grounded in the research field of
urban morphology. The scenario techniques used are developed within the
field of contemporary future studies.
2.1. Research questions
The research questions that were formulated together with the reference
group from the Stockholm City Planning Authority can be summarised as
follows.
– How can modernist suburbia be densified?
– What are the critical measures of spatial morphology when it
comes to suburban densification?
– Are there ways to overcome the apparent conflict between
densification and the need for public open (green) space?
The first question is very general and refers to the historical urban designs and structures in modernist Stockholm today and what are possible
and probable future forms of densification. The second question refers to
how these new forms are identified, measured, and analysed in the contemporary city. The last question refers to one of the major tasks that face
densification since it by conventional definition consumes is open space.
In a previous study of ten city districts in Stockholm, Ståhle (2005, 2007)
claimed that there could be “more green space in a denser city” because existing urban structures have both high density and high public open (green)
space accessibility. An important aim of this study is to investigate to what
degree this also would be true for different densification scenarios applied
in one and the same area.
2.2. Spatial density measurements
In recent decades, there has been extensive research and development when
it comes to measuring urban density development, especially in the fields of
sprawl (Frenkel & Ashkenazi 2008) and walkability (Lee & Moudon 2006).
Many of these indices have been proved to be useful tools for urban studies
but limited as tools for an urban designer since few are specifically morphological and few address the detailed scale of urban district or neighbourhood.
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The field of research is spatial morphology – floor area, entrances, open
spaces, street patterns – where these things can be seen (in relation to socio-economic phenomena) as the material the urban designer uses to accomplish her objectives (Marcus 2000). Urban designers have little control
over such things such as population and land use. Isolating morphology is
hence a pragmatic and powerful response to today’s planning reality. It is
also critical to explore the effects of the built spatial morphology since it has
long-term effects, such as social (e.g., social integration), economical (e.g.,
local markets), and environmental (e.g., car dependency) (Batty 2008).
What is primarily investigated is how spatial density measurements can
work as tools for the urban designer to control urban morphology and to
understand how different morphological conditions affect urban life. From
the planner or designer’s point of view, this means distinguishing between
‘administrative’ and ‘user-related’ measurements or system and life world
measurements, to use Habermas’ words. Saglie (1998) has accordingly
proven the inconsistence and contradiction between administrative density
measures, such as the Floor Area Ratio, and the users’ experience of density.
If we look at the urban designer practice, it is perfectly rational to use an
area measure (such as the Floor Area Ratio) to estimate the development
economy in a densification project. Basically such calculation is about controlling a territory; however, since densification is also about understanding users´ space, it is of great importance to look at both types of descriptions and not least the relation between them and between ‘administrative’
and ‘user-related’ measures, in this study distinguished as area density and
location density.
What is fundamental to the approach of this study is a basic division between urban built-up areas and public open spaces. This has also been suggested by Torrens and Alberti (2000) as a practical way to quantify sprawl.
Sociologically these two types of urban space can be interpreted as the fundamental division of the interior (private) and the exterior (public) (Hillier
& Hanson 1984 p. 20). It concerns urban densification since (interior) builtup space is usually developed through private initiatives and (exterior)
public open spaces are normally what is subtracted and planned within the
public sphere. To handle public open (green) space on equal spatial terms
in different parts of the city is possible, at least in Nordic countries, since
“people living in the inner city do not differ from people living in suburban
areas as concerns their interest in, or need for, use of urban open green spaces”
(Grahn & Stigsdotter 2003, p. 12). This is clearly a user-related perspective
concerning location density, but let us first look at how area density can be
measured.
2.2.3. Area density measures
The area based density measures are especially useful from the urban administrator (developer) point of view, or for an urban designer that needs
to control the development of space. We use five area density measures:
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Fig. 1. The relation between FAR (FSI), SBS (GSI), number of floors (L) and OSR in an administrative area or
plot, to the left (Haupt 2006, p 58). The relation between FAR, SBS and SCR in an administrative area or plot,
to the right.

Floor Area Ratio (FAR), Share of Built Space (SBS), Share of Open Space
(SOS), Open Space Ratio (OSR), and Spatial Compactness Ratio (SCR).
FAR = Floor area / Site area
SBS = Building footprint / Site area
SOS = Open space area / Site area
OSR = Open space area / Floor area
SCR = Open space area X Floor area / Site area2 = SOS X FAR
FAR is the most basic and widespread spatial density measure used in urban morphology, development, management, planning, and design. It can
be used for estimating the amount of floor area, apartments, development
costs, etc. For the analysis of density in regions, people/hectare is a more
common measure among regional planners and geographers. The share of
built space (SBS) on a site is often related to FAR, highlighting the relation
to number of floors and OSR as shown in the left figure below. The OSR,
introduced in the 1920s by Anton Hoenig, is a quantitative of measure of
spaciousness (Hoenig 1928). It is still used in New York City’s zoning regulations to create open space (NYC 2008).
The SCR measure introduced in this paper describes the ‘spatial compactness’ of an area. This means an area is most compact when it has a lot of
floor area and useful public open space. Unlike FAR, SCR adds useful open
space to floor area. It differs from OSR in that it describes not the amount
of open space per floor area but the product of interior and exterior space
in a plot.
As seen in the left figure above, it is commonly claimed that these areameasures capture things like “rural” and “urban”, which are clearly userrelated notions on how landscapes are lived and perceived. This becomes
absurd when thinking of Manhattan, where basically every location is
highly “urban” independent on a singular building height or plot density.
Similarly, a skyscraper in the countryside can never be “urban” all alone.
Hence, these notions call for location-based density measures.
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Location measure
Axial line integration
Entrance density
Floor area accessibility
Ambiterritory
Public open space proximity
Public open space accessibility
Location spaciousness
Location compactness

Result object
Axial line
Axial line
Address point
Open space
Address point
Address point
Address point
Address point

Unit
integration value
entrances/100 m
sqm
sqm
meter
weighted sqm
-

Associated area measure
Floor Area Ratio
Share of Open Space
Open Space Ratio
Spatial Compactness Ratio

Fig. 2. Components and units for the eight location measures, and associated area density measure.

2.2.2. Eight location density measures
How densification affects lived and perceived urban space and how “urban” quality and intensity emerge can only be studied properly by locationbased measures. We have chosen eight pedestrian-based location density
measures that capture different dimensions of the intensity of urban life
and environmental quality.
These measures are similar to the models developed in the field of walkability and in transportation research, which emphasizes land use and Euclidean distance (Cerverro & Kockelman 1997, Talen 2003, Lee & Moudon
2006); however, they address spatial morphology and cognitive topological
distance (Hillier 1996, Ståhle et al. 2005). The eight location measures are
described below.
A. Axial line integration
The space to move around in, in our case in the pedestrian network, is
a space that connects people and attractions in cities. This network creates accessibility and distributes densities and open space to people. The
‘axial line integration’ measure, developed within space syntax research,
captures the connectivity of the public street and pathway network
represented by the least amount of axial lines that cover all its possible
routes (Hillier & Hanson 1984). The measure captures the concentration
of social and economical activities in cities (Hillier et al. 1993, Hillier
1996, Vaughn 2007). Hence, increased network accessibility affects the
performance of density. In this study, we have chosen radius 6 integration since it has been proven to capture the spatial characteristic of urban and suburban areas in Stockholm (Ståhle et al. 2005).
B. Entrance density
This is a general measure used in urban morphology that captures the
density of entrances along streets and pathways, here measured as number of entrances per 100 meters along axial lines. This measure is closely
related to the intensity of activities in urban public space, since every
entrance represents a possibility for the interior life of buildings to activate public space (Hillier 2004, Gehl et al. 2006). In terms of density,
entrances connect the interior density in plots to the perceived and lived
density in exterior public space.
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C. Floor area accessibility
This measure calculates the accessibility to floor area within a certain
distance. It can be seen as the location version of FAR. This analysis can
be said to roughly represent the potential local market or population
within radius from a certain location and hence some kind of socioeconomic potential and the conditions for the level of service (LOS). It is
a measure that integrates network accessibility and plot density. We use
radius 6 in axial steps since it has been proven to correlate to pedestrian
flow in Stockholm’s urban and suburban settings (Ståhle et al. 2005).
D. Ambiterritory
When cities are densified, territoriality becomes increasingly intensified. Modernist suburbs built as freestanding buildings in green space
generally have a lot of open space that one can call ‘ambiterritory’, or
no-man’s-land, where private and public collide creating territorial ambivalence. Ambiterritory is here calculated by a 10-meter buffer around
buildings that is not cancelled by a 10-meter buffer from a street, a pathway, or an entrance (Ståhle 2007). Increase in ambiterritory can generally be said to decrease useful public open space, which is important to
densification analysis.
E. Public open space proximity
Proximity to public open (green) space is crucial to attractive housing
and to urban density (COST 2005). Research shows that 300 meters is a
limit for everyday green space use (Grahn & Stigsdotter 2003) and 1000
meters is a limit to recreational forests (Hörnsten & Fredman 2000).
Other research shows that axial step distance – changes in direction –
correlates with the actual and experienced visit frequency to green space
(Ståhle 2005). In our study, we use walking network distance in meters
and in axial steps.
F. Public open space accessibility
The accessibility to open space here means the sum of all public open
space within reach. Public open space is multiplied with a qualitative
factor of the direct use value from a ‘sociotope map’ (Ståhle 2006) and
accessibility is limited by 1000-meter distance and open spaces are
weighted according to axial step distance (Ståhle 2005). Accessibility to
public green space is a major planning issue, especially in Nordic countries. In the suburbs, public open space basically equals public green
space in terms of quantity.
G. Location spaciousness
This measure is calculated by dividing open space accessibility (E) with
floor area accessibility (C). It can be seen as the location version of OSR.
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Fig. 3. CBD in Stockholm inner city and the study areas in the southern suburbs.

This aims to capture the spatial conditions for potential congestion in
public open space that may encourage suburban sprawl.
H. Location compactness
This measure, described as location SCR, is calculated by multiplying
open space accessibility (E) and floor area accessibility (C). This measure
aims to capture the spatial production of urban sprawl, i.e. inefficient
non-compact spread-out morphology.
Each of these density measures is applied to the existing situation in the study
areas and to the four designed scenarios. All analyses are made using the
GIS-software MapInfo. A is done with the application Confeego (http://www.
spacesyntax.net/software). C, E, F, G, and H were done with the application
The Place Syntax Tool (Ståhle et al. 2005, http://www.arch.kth.se/sad).
2.3. Study areas
Two study areas were selected in dialogue with the planners from the
Stockholm City Planning Administration. There were two main criteria
for choosing the study areas. First, they had to be interesting for future
long-term densification, but not in an active planning state at the moment.
Second, the areas had to be divided into two sub-areas: one sub-area representing densification within a built-up district in the small open spaces
between buildings and the other sub-area representing densification of the
large open spaces in-between districts.
The two study areas represent the narrow time span of a decade (1946-
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Fig. 4. (Left) Björkhagen sub-area and Nytorpsgärde sub-area (dotted).
Fig. 5. (Right) Rågsved sub-area and Rågsveds friområde sub-area (dotted).

1957) in Swedish post war modernism, yet they are morphologically quite different. In the Stockholm City Plan from 1999, Björkhagen is categorized as a
“thin-slab-suburb” (Smalhusstad) and Rågsved as a “city-satellite” (ABC-stad).
Björkhagen and Nytorpsgärde
The in-district built-up sub-area, the Björkhagen sub-area, has FAR 0.38
and OSR 1.06. The in-between sub-area basically consists of the large
public green area called Nytorpsgärde, facing three other districts, Hammarbyhöjden, Kärrtorp, and Dalen.
Rågsved and Rågsveds friområde
The in-district built-up sub-area, the Rågsved sub-area, has FAR 0.43 and
OSR 0.76. The in-between sub-area consists of the large public green area
called Rågsveds friområde, facing one other district, Fagersjö, to the east.
2.4. Scenarios
How then can modernist suburbia be densified? In other words, what are the
possible densification scenarios? What is needed is an explorative approach
to densification, similar to what Börjesson et al. (2006, p. 728) call strategic
scenarios. The aim of strategic scenarios is to describe a range of possible
consequences of strategic decisions, in our case different densification strategies. The goals are not absolute but target variables, such as the area and
location density measures, are used to evaluate different strategies.
The selection of strategic scenarios is decided by what is considered as
possible futures, in our case possible densification strategies. Since municipal planning has so far been rather strong in Sweden and in Stockholm, urban development has been quite predictable, following certain design doctrines. From the 1980s, planning has been increasingly market-oriented, an
approach that has made design more diverse. In this early stage of the 21st
century we can clearly see some dominating urban design trends in Stockholm. For example, there is one leaning towards conservation and another
driven by the market, an economist trend.
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Fig. 6. The four urban design strategies that define the densification
scenarios.

How can we then translate these trends into morphological terms? A
rather simplified but still fundamental way of defining conservationist densification would be to say that it tries to mimic existing building types, to
keep new development within existing building height, and to use existent
street systems. In the 1940s, modernist suburbia would mean constructing
mostly thin lamella buildings. An economist densification strategy, on the
other hand, would be to follow the existing building typology but raise the
building height to increase floor area ratio, but still keeping within the existent street systems because new streets mean additional development cost.
This design strategy could be labelled ‘New modernism’ since it is conventionally rational and tends to produce point buildings housing, such as a Le
Corbusiean “city of towers” (Hall 1988). These two strategies are the most
common in the current suburban densification incrementalism that is taking place in Stockholm today.
An internationally strong urban design trend, maybe the major counter
reaction to modernism, is ‘New urbanism’. This design doctrine has been
gradually developing since the 1980s due to the demand both for higher
development densities and the renaissance of urban lifestyles. ‘New urbanism’ has emphasized the street, which was erased by modernist traffic planning, as well as adapting to the local scale (Jacobs 1961). Hence, a crude
definition of a ‘New urbanism’ densification strategy could be that it tries to
add new development that preserves established building height and is also
open for an extended street network, favouring a more block-like building
typology. Following our simple but fundamental search for possible densification strategies, what remains is one where both building height and
street networks are increased. This kind of urban design doctrine could
be called ‘New regularism’, referring to the planning schemes of late 19th
century. This approach combined densification with upgrading of public
space including not only streets and squares but also parks and green areas.
This strategy is not often used in suburban densification today, mainly due
to the big supply of (public) open space and expected high development
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costs. However, new large-scale developments such as Hammarby sjöstad
and NW Kungsholmen in Stockholm can be considered regularist-like in
many ways.
Although our study is mainly strategic, exploring densification, it has
apparent normative connotations since the densification strategies can be
used as planning goals. Börjesson et al. (2006) defines this as normative
preserving scenarios, where the task is to find out how a certain target can be
efficiently met. From the municipal planner’s point of view, it is important
that densification supports “sustainable development” and that the lack of
housing is solved. This will allow the scenarios to be used to study which
design strategy is preferable given these planning goals. Since the core aim
of our study is to evaluate experimental densification by spatial density
measures, these measures do not directly address these goals. Rather, the
results are used to discuss the role of spatial morphology and design in
densification planning.
2.4.1. Urban design of scenarios
The identification of the densification strategies, as well as their rather simplified urban design definitions, were first formulated in a workshop at the
Spatial Analysis and Design research group at The Royal Institute of Technology and then acknowledged by the reference group from the Stockholm
City Planning Administration as accurate, providing interesting generalizations of the current urban design trends in Stockholm.
Since the design strategies of the scenarios are spatial and morphological, existing urban structure is important. One precondition for the scenarios is that no existing buildings or infrastructure are pulled down and
that new buildings are placed on existing open space close to existing infrastructures where it is generally possible considering topography. No other
issues have been taken into consideration, such as ecological, economical,
or social. Traffic, a crucial urbanization issue, for example, has not been
considered. In this respect, the scenarios are to be considered as morphological experiments following simple morphological definitions of the urban design trends chosen.
1. ‘New urbanism’
This scenario investigates the effects of an urban design strategy that allows for extension of the street network, but keeps new buildings under
the established building height, which is 3.2 floors in Björkhagen, and
3.8 in Rågsved, and also following ‘New urbanism’ design principles of
closed blocks that measures about 60 X 100 meters. Building width is
about 12 meters and street width about 15 meters.
2. ‘New regularism’
This scenario investigates the effects of an urban design strategy that
allows for extension of the street network and increases the building
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Fig. 7. The ‘New urbanism’ densification scenarios for Björkhagen-Nytorpsgärde and Rågsved-Rågsveds friområde study areas.
3D-illustration of Björkhagen-Nytorpsgärde by Stockholms Stadsbyggnadskontor, Stadsmätningsavdelningen, Mats Lilja, July 2008.

Fig. 8. The ‘New regularism’ densification scenarios for Björkhagen-Nytorpsgärde and Rågsved-Rågsveds friområde study areas.
3D-illustration of Björkhagen-Nytorpsgärde by Stockholms Stadsbyggnadskontor, Stadsmätningsavdelningen, Mats Lilja, July 2008.
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Fig. 9. The ‘New conservatism’ densification scenarios for Björkhagen-Nytorpsgärde and Rågsved-Rågsveds friområde study
areas. 3D-illustration of Björkhagen-Nytorpsgärde by Stockholms Stadsbyggnadskontor, Stadsmätningsavdelningen, Mats Lilja,
July 2008.

Fig. 10. The ‘New modernism’ densification scenarios for Björkhagen-Nytorpsgärde and Rågsved-Rågsveds friområde study
areas. 3D-illustration of Björkhagen-Nytorpsgärde by Stockholms Stadsbyggnadskontor, Stadsmätningsavdelningen, Mats Lilja,
July 2008.
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height by 50%, which means 4.8 floors in Björkhagen and 5.6 floors in
Rågsved, but also preserves and enhances some parks. The street and
block structure is the same as in the new urbanism scenario.
3. ’New conservatism’
This scenario investigates the effects of an urban design strategy that
preserves the street network as well as the building height. The typology used is lamella buildings with a width about 12 meters and a length
of 50-100 meters and placed within a distance of 20 meters of each
other along existing streets. In Nytorpsgärde and Rågsveds friområde,
where there are no existing streets, the street network is designed according to the conventional tree-like structure of the existing sub-areas.
In Rågsveds friområde, new buildings are placed according to the latest
new development in Rågsved.
4. ‘New modernism’
This scenario investigates the effects of an urban design strategy that allows for a preserved street network, but increases the building height by
100% to 6.4 floors in Björkhagen and 7.5 floors in Rågsved. Point buildings with a width of about 20 meters wide are placed within a distance
of about 30 meters of each other along existing streets. The dimensions
of new streets in Nytorpsgärde and Rågsveds friområde are the same as in
the ‘New conservatism’ strategy.
3. Results
The four ‘administrative’ area density measures and the eight ‘user-related’
location density measures were applied to the existing situation (0) and the
four densification scenarios (1, 2, 3, and 4) in the four sub-areas. Although
the result patterns are significant, it is important to have in mind that we
are dealing with two thoroughly planned modernist areas with an unusual
amount of internal and external public green space in a European and in a
North American suburban context.
3.1. Area density statistics
The area density results are rather self-evident from the administrative
point of view given the definitions of the different scenarios.
The greatest increase in FAR is created by scenarios 1 and 2 (90-104 %),
and the least increase is created by 3 (27-32 %). Although the number of
apartments and residents could double with scenarios 1 and 2, the area density in the districts would be just half of inner city Stockholm.
‘New urbanism’ essentially erases all municipal open space in the builtup sub-areas. ‘New regularism’ more than halves municipal open space.
Scenarios 3 and 4 save municipal open space. This means that the design
strategies that add new streets and choose block shapes clearly encourages
higher area densities and housing production but erase open space. The
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Fig. 11. Area density results for the existing situation (0) and the four scenarios (1,2,3,4). MOS is Municipal Open Space and FA is
Floor Area in square meters. FAR is Floor Area ratio, SOS the Share of Open Space, OSR then Open Space Ratio, and SCR is the
Spatial Compactness Ratio.

Fig. 12. The relation between FAR and the Share of municipal
Open Space (SOS) in Björkhagen and Rågsved for the existing
situation (0) and the four scenarios (1, 2, 3, and 4).

Fig. 13. The relation between OSR and SCR in Björkhagen and Rågsved for the existing situation (0) and
for the four scenarios (1,2,3,4).

cost of public open space will decrease as indicated in the OSR; however,
the need for enhancement park design and maintenance due to increased
wear and tear is then not accounted for.
OSR decreases in all scenarios, especially in 1. When it comes to SCR, it
roughly follows the same line of decrease although 2 upholds a significant
amount of SCR compared to 1. In administrative terms, this would mean

230

Compact Sprawl

Fig. 14. Mean axial line integration value (radius 6) for the existing street-pathway network, an increased grid
(as in scenario 1 and 2) only in-between districts sub-area, an increased grid only in-district sub-area, and
an increased grid in both, for the four sub-areas.

that compactness measured in SCR is difficult to uphold when densifying
these type of modernist structures that are quite well planned with an OSR
of about 1.0. The results for the location density measures, however, are
rather different and in many ways contradictory.
3.2. Location density statistics
We now move to density measurements that start from locations and accessibilities. The results from the location density measures are presented
as averages for all axial line (A, B) or address points (C, E, F, G, H) within
the sub-areas, except ‘ambiterritory’ (D), which is measured by percentage
of the sub-area.
A) Axial line integration
The axial line integration analyses show how surrounding spatial morphologies affect the network accessibility within the sub-areas. To start,
Björkhagen is from the beginning much more integrated into its surroundings than Rågsved. This means that Björkhagen is more affected
by surrounding networks and densities. An in-between grid at Nytorpsgärde connecting Björkhagen increases axial line integration significantly more than making an internal grid within Björkhagen. In Rågsved,
the case is the opposite. Rågsved is too segregated to be connected by
Rågsveds friområde. Instead, the integration is more increased by an
internal grid. Naturally, integration is the highest in all sub-areas when
there is a well-connected street grid in all sub-areas. Since many of the
following analyses are based on the axial line as a distance measurement,
the axial line integration analysis indicates and explains many of these
results. In fact, from the user point of view, a location can be densified
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Fig. 15. Location density results for the existing situation (0) and the four scenarios (1,2,3,4). Units are; A)
axial line integrations value (r6), B) number of entrances per 100 meter, C) millions of square meters, D)
percentage of the study area, Em) meters, Eax) axial line steps, F) millions of square meters. G) and H) are
indexes.

only by making better connections to surrounding settlements.
B) Entrance density
If an increasing amount of entrances along the everyday paths means
higher intensity of activities in public space, and therefore in a sense
higher density, 1 would be most activating and 4 the least since point
buildings only means one entrance per building. The average entrance
density in the inner city and in the detached housing areas in Stockholm
is 4-6 per 100 meter, which is about the level reached in Björkhagen with
1 and 2. Björkhagen is consistently higher because it has a more street
orientated building structure. A major conclusion is that outward facing
blocks do the best work to increase density in the sense measured here.
C) Floor area accessibility
The peripheral location of Rågsved becomes even more evident with this
measure. In the existing situation, floor area accessibility is a third of
Björkhagen. Interestingly, Nytorpsgärde has slightly higher floor area
accessibility than the built up Björkhagen. This would mean that there
could be a higher socio-economic potential in the in-between park than
in the built up area. This relation is the opposite in Rågsved because
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Rågsveds friområde is not really connecting to any settlement. These
relations stay unchanged in the scenarios, indicating that it is difficult
to change the basic relations between district centre and periphery in
the suburbs although it is possible to raise spatial potential generally.
Scenario 1 and 2 in Rågsved and Rågsveds friområde raises floor area
accessibility up to the level of the existing Björkhagen. The same densification strategies, however, double floor area accessibility in Björkhagen
and 3 and 4 change floor area accessibility only marginally.
D) Ambiterritory
Due to the open modernist morphology of slabs and point buildings
in Björkhagen and Rågsved, a lot of ambiterritory, or no-man’s-land, is
created where there is no clear definition of public and private space.
As much as 10% of open space can be said to be difficult to use due
to territorial confusion. However, when a street grid is introduced and
buildings are organized in more enclosed blocks, as in 1 and 2, ambiterritory is basically erased. On the other hand, 3 and 4 increases ambiterritory. One can say that densification erases bits of public open space from
the citizens, but can be used to also ‘give back’ space by making clearer
distinctions between private and public space. In 1 and 2, there are the
many small stretches of green space that embeds buildings, roads, and
walkways creating a lush green setting, a quality that is well-known and
highly appreciated by residents. It is without doubt that 1 and 2 will
change the landscape character, especially in terms of territoriality.
E) Public open space proximity
Although densification is quite extensive (in 1 public open space is completely erased in-district) public open space proximity does not exceed
300 meters. In 3 and 4, changes are marginal. The most intriguing thing
is that a few carefully placed parks in 3 make a great difference, keeping
the proximity in spite of the densification. The axial results look similar
to the metric. The increased street grid cannot help densification in 1
since there is a great shortage of public open space in district. In addition, existing urban structure and topography restricts the possibilities to make more direct connections. Nonetheless, Nytorpsgärde gains
from the increased street grid. This clearly indicates that there are no
direct relations between densification and change in open space access
from the user’s points of view.
F) Public open space accessibility
Although Björkhagen and Rågsved are surrounded by large nature
areas, Björkhagen reaches almost double on this measure. The major
reason for this is that Nytorpsgärde is a large park with many use values. Usually parks score higher than nature in number of use values.
Then looking at 1 it does not decrease public open space accessibility in
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Björkhagen since the street network is radically improved. In Björkhagen, 2 even raises the values by 5% since some parks are saved and improved by one or two use values. Since accessibility is not improved
and some public open space is erased by densification in the other two
scenarios, the values decrease by 10-13%. In Rågsved, the values decrease about 30% in all scenarios but scenario 2, where the decrease is
only 7%.
G) Location spaciousness
It is evident that location spaciousness decreases in all scenarios. By
increasing both building mass and network accessibility, as in 1 and 2,
spaciousness is radically decreased. The value is slightly over 0.5; the
location OSR in the inner city is still about half of this level. Rågsved
seems to be a little more sensitive to densification since spaciousness decreases relatively more here. This can possibly be explained by the lower
public open space accessibility. Björkhagen would then have a greater
resilience to potential congestion since it has a lot of surrounding public
open space to benefit from.
H) Location compactness
The figures show clearly that densification does not generally increase
compactness. In 3 and 4 in Rågsved, compactness actually decreases due
to the loss of public open space. In Björkhagen, 3 and 4 compactness
basically stays unchanged. However, in 1 and especially in 2 compactness increases significantly in both study areas, which in reality means a
radical change in settlement character.
3.3. Sub-area FAR related to location measures
In the study, there are some particularly interesting non-correlations that
contradict common sense about how densification affects perceived and
lived (user-related) density.
The relation between sub-area FAR and floor area accessibility reveals
some correlation in every scenario, but no evident correlation was noted
between the different scenarios. The major reason is the impact of street
and pathway network accessibility (axial line integration) as well as in the
entrance locality.
In Björkhagen, there is an almost inverse relationship between sub-area
FAR and public open space accessibility. Hence we can confirm earlier studies that claimed there could be “more green space [from the user point of
view] in a denser city [from an administrator point of view]” (Ståhle 2005).
There is no evident relationship between an increase in FAR, the loss of
public open space, and public open space accessibility. It all has to do with
how public open spaces are designed and located within the street-pathway
system in relation to where people live.
Interesting patterns emerge when we look at the relation between sub-
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Fig. 16. The relation between sub-area FAR and floor area accessibility (left) and public open space accessibility (right) in the four
sub-areas for the existing situation (0) and the four scenarios (1, 2, 3, and 4). Arrows show outcomes for Björkhagen sub-area.

Fig. 17. The relation between sub-area FAR and location OSR (left), sub-area FAR and location SCR (right) in the four sub-areas
for the existing situation (0) and the four scenarios (1, 2, 3, and 4). Björkhagen densification outcome is shown with arrows.

area FAR and location OSR. It seems that there is some sort of location OSR
limit to area FAR levels, given the possible scenarios. This could explain
why it is rational to build tree-like segregated structures at certain densities
in suburbia. For example, Rågsved is relatively spacious compared to its
FAR although not very resilient to densification.
The relation between location SCR and area FAR is quite clear. An increase in area FAR and increased network accessibility creates the highest
raise in compactness. The increased network accessibility also means that
in-district and surrounding public open space becomes more accessible,
raising compactness even more, moving to the upper right in the scattergram. We claim that sprawl-like densification is a move to the right or even
the lower right.
3.4. Relations between location measures
If we look at the relationships between different location measures, we can
explain the importance of accessibility. Correlations were calculated for all
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Fig. 18. The relation between public open space accessibility and floor area accessibility in the four sub-areas for the existing
situation (0) and the four scenarios (1,2,3,4) to the left. The relation between location SCR and location OSR in the four sub-areas
for the existing situation (0) and the four scenarios (1, 2, 3, and 4) to the right.

sub-areas, which means that they are not really related in reality since they
have different contexts. Yet it is interesting to see if there is some relationship between areas.
Area-level densification means less public open space, a well-known
limitation to urban designers. However, our results show some contradictory correlation (R2=0.5526): higher floor area accessibility means higher
public space accessibility. This is, of course, a result of axial line network
accessibility that by its connectivity has increased compactness. Naturally
there is a strong correlation between axial line integration (radius 6) and
location SCR, R2=0.8341. One can say that an integrated street and pathway system brings buildings and public open spaces together, making them
accessible to each other.
The relationship between axial line integration (radius 6) and location
OSR reveals the specific roles of street and pathway network. The correlation (R2=-0.4619) indicates, as expected, that by increasing the accessibility spaciousness will decrease. There seems to be a limit to spaciousness
when it comes to axial line integration. Very high network accessibility can
increase risk of spatial congestion, which once again can explain why treelike morphologies in suburbia can be rational where there is a lot of public
open space.
Finally, the relationship between location SCR and location OSR, represented by the L-shaped result pattern in the diagram, tells us that there
seems to be a limit to how great spaciousness can be created in very compact urban environments. And reversely, low compactness has low risk for
congestion: it needs little public open space to feel spacious.
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4. Discussion and conclusions
In the paper, we have tried to identify and measure urban density, densification, compactness, spaciousness and sprawl in morphological terms so that
it can be useful for the urban designer. Most important, it has presented
new location density measures that integrate floor area, axiality of street
and pathway network, and the use value of public open space.
In conclusion, from our study the relationship between densification,
compactness, and spaciousness can in spatial terms be described as follows.
Essentially densification does not change compactness since it also decreases public open space. However, compactness can be increased by raising
building height, improving public open space, and increasing the accessibility of the street and pathway network. Second, densification normally
decreases spaciousness since public open space is erased and floor area is
added. However, spaciousness can be increased (or at least minimized)
by improving public open space and increasing accessibility to areas with
higher spaciousness since increased accessibility of the street and pathway
network tends to even out spaciousness between areas.
We have found that these new measures allow us to make a straightforward user-related morphological definition of sprawl-like development,
starting from a basic division of built space and open space. Since all urban development, if there is no tearing down, is densification, one cannot
not generally say that densification is the opposite of sprawl. We do suggest separating the morphological nature of sprawl and the morphological
causes of sprawl. A simple proposal for a definition of the nature of sprawl
is urban development that decreases compactness, in our terms the product
of floor area accessibility and public open space-accessibility. Compactness,
or location SCR, can thus identify sprawl-like development, but it does not
explain why it occurs.
A cause of sprawl, we propose, can instead be identified by the measurement of spaciousness or location OSR. If a new urban development
decreases spaciousness, it raises the risk that people will move to less congested areas. This explains why it is used in Manhattan to create public open
space (NYC 2008). Spaciousness also explains the vast low-density detached
housing suburbs that are sprawling into the green edge of the city. It is more
than just the fact that people have their own gardens; a small public green
area here can feel like a large forest since there are so few real and potential
visitors in it. The real estate market can also be freer since there is little risk
of creating the congestion that people moved from in the inner city. However, the experience of congestion is culturally defined. The tolerance to
congestion is different in Sweden than it is, for example, in India. There are
also sub-cultural differences. Families tend to move away from congestion
while youth tend to move towards it.
We can now define many things as sprawl-like that are not usually labelled this way. For example, one can claim that developing detached housing in Central Park in New York 1) is urban sprawl since it decreases com-
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Fig. 19. A definition of compact city and sprawl-like development as the relation between change in floor
area accessibility and public open space accessibility (left), and a description of urban growth in spatial
terms as the interplay between compactness and spaciousness (right).

pactness and 2) will probably cause suburban sprawl since it may create
congestion that will lead to residential flight to spacious settlements in the
city fringe. This is, of course, an extreme example to make a point.
Clearly, ‘New conservatism’ and ‘New modernism’ densification strategies are sprawl-like since they do not really increase location compactness
in the current context. Do any of the scenarios risk congestion that can
lead to residential flight and sprawl somewhere else? The short answer is,
probably no. The most extreme densification scenario ‘New urbanism’ in
Björkhagen still has about the double spaciousness of the inner city since
Björkhagen is set in extremely green surroundings. We can also conclude
that a well connected street and pathway grid can lead to unnecessary congestion if there is a lot of public open space; that is, tree-like morphologies
such as the green modernist suburbs can combine compactness and spaciousness. However, when these areas are densified and public open space
become scarce, increased network accessibility is needed to uphold public
open space accessibility, a situation that can lead to congestion. This is a
true densification paradox that urban planners and designers face.
What could the Stockholm municipality gain from different densification strategies? If a ‘New regularism’ scenario is applied for only in-district
densification to the rest of the similar thin-slab-suburbs such as Björkhagen
and the satellite-suburbs such as Rågsved within Stockholm municipality, it
would mean 50 000 new apartments each, i.e. 100 000 in total. This would
theoretically cover the need for new housing (80 000 ap.) until 2030. Using
‘New conservatism’, only around 30 000 apartments would be built. This
calculation, of course, does not consider traffic, economy, ecology, NIMBYeffects, etc.
What about the political reality? In Sweden, as in many western European countries, politics is a mix of institutional, organizational, and local
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Fig. 20. Powerful agents of Swedish big city planning politics, and their expected attitude towards the different densification
strategies in modernist suburbia. ++ means ‘very positive’ and - - means ‘very negative’. The table was created together with the
municipal planner reference group.

democracy set in a partly controlled market economy. Many interests are
stakeholders in a densification process (briefly sketched in table below).
Developers generally emphasize the development economy of a project;
in a growing city like Stockholm, this means building as much floor area
as possible to a low cost. From that point of view, the strategies of ‘New
urbanism’ or ‘New modernism’ would be preferred. The municipality usually tries to avoid infrastructure and maintenance costs and would therefore prefer ‘New conservatism’ and ‘New modernism’. The community of
architects is divided concerning urban design doctrines. Browsing through
contemporary journals of architecture, one finds that modernism of different kinds is clearly dominant. Nature and culture conservation NGOs
have agreed to support especially ‘New conservatism’ since it conserves
green structure and historical character. Not-In-My-Backyard-effects from
existing residents are always expected since green is always defended and
1 and 2 will significantly change the green walkway to streets. One could
expect that local businesses would welcome densification since it increases
the potential market, but it is not evident that it is a general rule. In summary, we here have a rough explanation to why ‘New modernism’ and ‘New
conservatism’ are the dominating densification strategies in contemporary
suburban Stockholm and why ‘New urbanism’ and ‘New regularism’ are not
likely to be applied in the near future.
Looking at the results of our study the contemporary densification
trends seem problematic in that current planning politics looks as if it is an
answer to how densification is understood in the system of developers and
public bureaucracy more than as it would be experienced in the life world
of the inhabitants of Stockholm. Such conclusions are questioned and heavily criticized. Often green space and natural vegetation is put forth as the
major quality of modernist areas highly appreciated by residents. There is a
legitimate worry that densification will erase this quality but not add anything else (Florgård & Forsberg 2006). There is also a fierce critique of the
idea of compact city planning since it is claimed that low density settlements
are the overwhelming choice among residential dwellers, open space is not
a scarcity, energy is not lacking, high density needs market regulations,
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and, above all, suburbia is a necessary part of national economic growth
(Gordon & Richardson 1997, Cox 2006). However, this critique is based on
density measures that does not take into consideration public open space or
pedestrian accessibility; hence it does not cope with spatial compactness by
our definition. It is then apparent that our density measure and definition
of compactness is not easily compromised by this critique.
If we look at the social, economical, ecological, and spatial challenges
facing future cities, the picture can hardly be broken down to a set of particularities. The city is a complex system that integrates things and creates
synergies by external effects. If the costs of sprawl grow, as Burchell et al.
(1998) and Haughey (2005) argue, the current sprawl-like densification of
Stockholm is creating obstacles for future development towards compactness and spaciousness. Many people talk about sustainable development.
We claim that for a city to survive in the long term, it must find a balance
between congestion and sprawl, spaciousness and compactness. If energy
and transportation costs increase post peak-oil, which seems to be likely, we
will become more dependent on walking, bicycling, and public transportation. This, as well as many other infrastructural investments, will demand
a higher compactness that can be created by taller buildings, higher quality
public open space, and a more efficient street and pathway network. It is
possible that future urban economies will not be able to afford the transportation costs of sprawl and more compact cities will increase its competitiveness. A spatially compact city should hence be more equitable and
resilient to change in this respect, since many compact urban areas already
today stand up to the competition against more sprawling cities. This is a
vast growing field of research that only has begun to be explored by urban
analysts and urban morphologists.
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