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Number of cars or vans owned, or available for use by, your household?
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Fig. 9.22 Number of Cars owned/available recorded in the SB, Core, National Travel and DEFRA
Surveys

Are any of the following important to you in deciding not to own,
 or have regular use of, a car or van?
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Social Participation

As explained above, social participation is a complex concept. Here, we have chosen
a simple measure of ‘participation in local community or neighbourhood groups’ as
an indicator. This leaves out any measure of individualised and less formal social
participation. The SB study results for participation are very similarly to those in the
core study: the numbers involved are very low, with only 10% of respondents in the
SB survey, and 13% in the core survey regularly taking part. Whilst there is no direct
national comparator, the DEFRA 2007 survey records that half of the population
(50%) had been involved in a social activity in their local area in the two weeks
previous to the survey. This count allows for a wider definition of social activity,
and does not directly imply ‘regular’ participation, but the percentage still seems
significantly higher than the core and SB survey to raise the question of whether
these rates are particularly low.

Use of Local Services

As with social participation, use of local services and facilities is a particularly
difficult behaviour to measure meaningfully in a comparative context, as so much
relies on the extent and provision of services. Hence, we have chosen to look
not at absolute numbers of trips to facilities, but at the most commonly recorded
frequencies of use to see if the SB residents use local facilities more frequently than
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those in the core survey. SB residents were asked about their use of facilities both
‘in’ their development, and ‘outside their development but in the nearby area’. This
distinction is obviously not relevant for the core sample, hence the differentiation is
not made. Also, some of the categories of facilities are framed slightly differently in
the two surveys. Hence, the data shown is presented exactly as it was collected from
the respective surveys.

The facility that is most commonly used on a daily basis is the corner
shop/convenience store in the core survey (Fig. 9.24). The local shops in the SB
survey both inside the development and nearby are the next most commonly used
on a daily and weekly basis. Community and sports facilities are also used relatively
regularly (weekly) with cafes, pubs etc. used less frequently.

Conclusions

We began this chapter by asking the seemingly simple question: do residents of
new housing developments, built according to sustainability principles, behave any
more sustainably than the population in general? We have answered this by looking
at key sustainable behaviours identified in policy and literature as being linked to
neighbourhood scale design. This has been done through the use of descriptive data
from the SB survey and comparable national surveys.

Overall, our answers are mixed, but more negative than positive. The residents
of the ‘sustainable’ schemes only seem to behave more sustainably than the rest
of the population in home-based resource efficiency behaviours, such as water and
energy use. Results for recycling and frequency of use of local facilities are about the
same as national comparisons. For most other behaviours, such as travel to work by
car, owning (or having access to) a car, social participation, encouraging wildlife,
and composting they behave less sustainably than the population in general. For
around a third of residents energy and water efficiency is important in choosing their
home, and many feel that living in a more sustainable house has either affected their
resource consumption behaviour positively, or at least not changed it. Just under half
of residents who regularly walked, cycled and used public transport feel supported
in doing so by elements of neighbourhood design, but hardly any are dissuaded from
owning a car. What we see, in general, are residents who are more knowledgeable
about sustainability issues than the general population, but not necessarily more
concerned or ‘active’. However, as with all research of this type, the devil is in the
detail and these results need further unpacking to give a more critical picture.

First, we need to consider the fact that these settlements are all new. As we stated
above, many residents have only recently moved to them. This may have an impact
on certain behaviours in comparison with more established places (unfortunately
no comparable studies of ‘normal’ new developments exist). Behaviours related to
social participation, for example, traditionally develop over time. Similarly, we find
that behaviours like outdoor composting and encouraging wildlife in gardens are
often unpopular because people feel their gardens are ‘new and pristine’ and want
to keep them like this. Many also said they do not have enough space in the new
development: a consequence of higher density policies.
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Second, not all the case studies have all the sustainability features (or only have
them in small degrees), so in some cases it could be seen as ‘unfair’ to judge the
case study in terms of consequential behaviours. Where appropriate in the analysis
we present results via subsets (for example by selecting samples only of energy and
water efficient homes), but in some instances this has not been undertaken as we are
attempting a general comparison at this stage. To a certain extent we are interested
in the totality of sustainable behaviours and also the extent to which they ‘add up’
to form sustainable lifestyles in these new settlements.

Third, as has been mentioned throughout the analysis, the SB survey
does not have a representative social profile: it has higher proportions of
managerial/professional residents than would be expected. This could be affecting
the results: some negatively, for example, for issues like car ownership where we
would expect higher rates, yet we would also expect higher rates of, for example,
recycling and energy efficiency, but these results are more mixed. We should also
say that in the case studies that were populated by RSL tenants some differences
in both opinions and behaviours could be noted and these also require further
analysis.

This comparative research has proved useful in setting our results alongside
national data, but we are now undertaking further statistical analysis to examine
in detail the relationships between the specific behaviours and individual elements
of physical design to determine if any relationships exist at this level, and what
the nature of these relationships may be. During this analysis we will test for the
impact of socio-economic and other contextual variables, and examine additional
behaviours, such as travel for other uses.

As a footnote, it is interesting to stand back from this research and contemplate
the value of trying to build housing schemes to support sustainable lifestyles at the
present time. Although evidence of sustainable behaviours does not seem strong at
present in the SB survey, it could be argued that the real benefit of the schemes
studied is that they provide built environments that can support more sustainable
lifestyles if and when people are ready to take them up. Increases in fuel costs, for
example, see people reduce their car use and start walking, cycling and using public
transport instead. The SB schemes allow residents to make this transition easily,
unlike many ‘normal’ schemes where residents are locked into car use. It would be
interesting to revisit these schemes in ten years.
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Chapter 10
Ecological and Psychological Value of Urban
Green Space

Katherine N. Irvine, Richard A. Fuller, Patrick Devine-Wright,
Jamie Tratalos, Sarah R. Payne, Philip H. Warren, Kevin J. Lomas
and Kevin J. Gaston

Introduction

In urban environments, perhaps more so than in any other setting, people and nature
must coexist in close, and sometimes uncomfortable, proximity. With half of the
world’s human population living in cities and a continued decline of biodiversity in
the wider landscape, urban nature plays an increasingly important role in creating
cities that are both ecologically and socially sustainable. However, understanding
the value of urban green spaces as a resource requires an integration of several,
rarely overlapping, approaches to evaluating and managing these places.

Ecologically, urban green spaces form significant components of regional and
national biodiversity conservation networks. However, few urban ecologists have
explicitly studied human interactions with biodiversity which hampers a full
understanding of urban ecosystems in two important ways. First, many urban
biodiversity patterns arise in response to, and are maintained specifically by,
repeated human activity. Therefore, understanding urban ecosystems must entail
knowledge of human motivations and responses in relation to biodiversity. Second,
human interventions not only degrade but can also improve urban ecosystems. The
progress of conservation efforts in cities frequently depends on decisions made by
individual householders, yet ecologists often lack the tools to engage with human
communities to understand and encourage their involvement.

From a social-psychological perspective urban nature is an important component
of quality of life for urban residents. Researchers have generally focused on benefits
gained from “nearby nature”, often measured as proximity to or amount of green
space, or even a window view. The biological components as typically measured by
ecologists (e.g. species richness, vegetation characteristics) are often subsumed into
a single entity, such as the “greenness” of the urban landscape. However, all green
space is clearly not equal, and there is emerging evidence that treating it as such
will mask important responses by people to specific components of biodiversity.
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Also, other, more direct human interactions with urban biodiversity have received
scant attention, such as wildlife gardening, feeding wild birds, damage to habitats
and disturbance to wildlife. Whether properties of the natural environment itself
can influence the strength of these interactions is unknown. To more fully integrate
urban green space into human well-being requires an understanding of the biological
form and function in these spaces.

The literatures on urban green spaces rarely cite one another, and there are
few examples of collaborative research projects as typically divergent language is
used, different data are collected, and questions are framed in different ways. This
chapter considers the inter-relationship between biodiversity and human well-being
in public and private urban green space, the links between the distribution of people
and biodiversity in the city, and the potential trade-offs between managing green
spaces for people and for biodiversity. We begin with a review of relevant literature
from several research perspectives, then provide examples of people-nature
interactions drawn principally from our collaborative research between ecologists
and environmental psychologists, and, lastly, identify key management and policy
implications.

People and Urban Nature

Human Impacts on Urban Nature

The process of urbanization dramatically transforms natural landscapes. Specific
elements of urban form that impact patterns of biodiversity include the type of
development, the amount of impervious surface, distance to city centre, tree cover
and housing density. The impacts of such factors on the spatial distribution of
biodiversity across urban landscapes have been amply reviewed (e.g. Niemelä,
1999; McKinney, 2002; Pauleit et al., 2005; Garden et al., 2006). Importantly,
increasing urban intensity does not always lead to a simple linear decline in the
number of species (species richness) or the number of individual plants and animals
(abundance), and the biological response varies markedly depending on the group
of organisms under study (Chace and Walsh, 2006; McKinney, 2008).

Many features of a city result from large-scale land use planning decisions. The
consequences of decisions made by individual landowners are not so obvious. Many
householders have land attached to their property, and the results of many thousands
of individual decisions on how that land is managed can sum to a significant effect
at a landscape scale. Physical garden features such as trees, shrubs, bird feeding
stations, compost heaps, ponds, bird baths and nest boxes provide specific resources
for urban biodiversity and can occur at high densities across the urban landscape
(Gaston et al., 2005, 2007). In the UK, it has been estimated that more than 60% of
households with a garden feed wild birds (DEFRA, 2002), and that 60,000 tonnes
of food are presented annually to birds (Glue, 2006). Moreover, garden size, tree
cover, the amount of shrubs and the species composition of vegetation are correlated
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with invertebrate richness and abundance (Smith et al., 2006a, 2006b), and garden
characteristics predict the composition of bird communities (Chamberlain et al.,
2004).

A sample of 70 gardens within the three case study neighbourhoods in Sheffield
(inner, between, outer) had on average 33% of their area covered with impervious
surfaces (Tratalos et al., 2007a), and there are concerns that gardens across the UK
are increasingly being paved over, leading to elevated storm water run-off and a
decline in biodiversity value (Royal Horticultural Society, 2006). Reductions in
garden size, resulting from an increase in housing density through infill development
are also associated with a decline in tree cover and habitat heterogeneity (Pauleit et
al., 2005; Smith et al., 2005).

Human factors can have a marked effect on how urban green spaces, both public
and private, are used – and abused. For example, in Sheffield it has been found that
access to public green space is poorer for more affluent sectors of society (Barbosa
et al., 2007). Additionally, the proportion of the human population feeding wild
birds declines as socio-economic deprivation increases (Fuller et al., 2008), and
the popularity of wildlife gardening varies with householder age and employment
status, although these effects depend on spatial scale and cultural context (Lepczyk
et al., 2004; Fuller et al., in press). Disturbance and damage to habitats can result
from heavy recreational, criminal and waste disposal use, leading to increased
openness and poor vegetation quality (Moran, 1984; Matlack, 1993).

Urban Nature Impacts on People

People living in cities tend to be less healthy than their rural counterparts (e.g.
Verheij, 1995). Natural environments can offset demands associated with city living,
such as exposure to noise, crowding and traffic exhaust (e.g. Freeman and Stansfield,
1998; Hunt et al., 2000). While environmental exposure often emphasizes the
potential for negative effects (asthma, cancer, etc; e.g. McMichael, 2001), the idea
that nature can be beneficial has a long history. Gardens were at one time part
of hospitals (Gerlach-Spriggs et al., 1998), and women and children regularly
left the city for country homes during the pre- and early-industrial age. In early
nineteenth century England there was a call for “breathing zones” around London
(MacDougall, 1980); the value of urban green spaces was further recognised during
the Victorian era with the creation of large, publicly funded city parks designed to
provide places for recreation and to encourage social interaction (Conway, 2000).

Research supports this intuitive belief of a beneficial relationship between contact
with nature and quality of life (for review see e.g. Rohde and Kendle, 1997;
Irvine and Warber, 2002). Multiple dimensions of health respond positively to
the availability of nearby nature including objective measures of the physiological
effects of stress (e.g. Ulrich et al., 1991; Parsons et al., 1998), self-reported
sensitivity to stress (Stigsdotter and Grahn, 2004), surgical recovery time (Ulrich,
1984), mental fatigue (e.g. Kuo, 2001), cognitive functioning in children (e.g. Wells,
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2002) including attention-deficit/hyperactivity disorder (Kuo and Taylor, 2004),
mood (e.g. Hull and Michael, 1995; Shibata and Suzuki, 2002), self-discipline
(Taylor et al., 2002) and opportunities for reflection (e.g. Herzog et al., 1997). The
availability of nearby nature is shown to promote social interaction and a sense of
community (Coley et al., 1997; Kim and Kaplan, 2004) as well as reduce aggressive
behavior and crime (Kuo and Sullivan, 2001a, 2001b). There is also evidence that
people form emotional attachments with natural areas (e.g. Ryan, 2005) and that
these spaces contribute to personal identity (Bernardini and Irvine, 2007).

Several recent studies have explored urban green space as a factor in
understanding population-level health; de Vries et al. (2003) and Maas et al.
(2006) find positive relationships between the amount of green space in a
neighbourhood and self-reported health, with stronger effects among the elderly,
less affluent socioeconomic groups and women at home. Greater longevity has
been found among the elderly in Japan with access to “walkable green space” (easy
to walk in and filled with “greenery”; Takano et al., 2002) and the availability of a
garden appears to offset the negative health effects among public housing residents
(Macintyre et al., 2003). In the light of these findings, public policy in the UK
has recently emphasized the need for high quality green space as an additional
component of urban form (ODPM, 2002, 2006).

The benefits of urban nature are experienced widely (by adults and children,
at work or home, in healthcare and neighbourhood settings) and can be gained
from a variety of different types of “nature”, including wilderness, residential
gardens or managed parks, trees and grass around an apartment building, and potted
plants. Natural elements, particularly water features, large trees or woodlands are
consistently preferred to built ones often irrespective of culture or nationality (e.g.
Kaplan and Kaplan, 1989; Herzog et al., 2000). Yet there has been little study of the
direct effects of specific biological components of the landscape on human quality
of life (Brown and Grant, 2005).

Interactions Between People and Urban Nature

The foregoing discussion highlights the prevalence of intradisciplinary research
into people-urban nature interactions. This section presents findings from an
interdisciplinary collaboration on the two-way interactions between people and
nature – in both public and private green space – using examples from the
CityForm’s case study neighbourhoods survey, an intensive study of Sheffield green
space, and population-level data linked with GIS spatial analysis.

Public Green Space

Patterns of Use and Visit Motivations

Public green spaces (often referred to as open space or parks) have been the focal
point for much of the work on interactions between people and urban nature (Speirs,
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2003; Balram and Dragicevic, 2005; Pincetl and Gearin, 2005). Research on the use
and design of public green space has typically focused on its amenity function,
crime reduction, and ways to encourage physical activity and social interaction
(Dunnett et al., 2002; Commission for Architecture and Built Environment [CABE
Space], 2005, 2007). Variation in the use of these spaces also affects the quantity and
quality of interactions that urban residents experience with nature. Viewed from this
perspective, urban parks, quite often (although not always) located close to where
people live and work, become important arenas for contact between people and
nature.

Within the UK there are about 27,000 urban parks and in England alone some
33 million people make more than 2.5 billion visits a year. These designated areas,
which form the bulk of publicly provided (thus publicly accessible) green space,
compose about 14% of total urban space (Dunnett et al., 2002). Within the city of
Sheffield alone the 87 municipal parks attract over 25 million visits per year (Beer,
2005). Varying in purpose, facilities provided and catchment area, these spaces also
differ in the amount and type of natural features present (e.g. grass, woodland), as
well as their intrinsic biodiversity value. While studies suggest that just knowing
these spaces are available can facilitate well-being (Bell et al., 2004), our research
focused on actual visits, emphasizing the interplay between people and biological
diversity with respect to benefits and management possibilities for both. To this end,
using ecological surveys, interviews with 312 park users, and direct observation of
usage and visitors, we studied 15 parks in Sheffield that varied in size and biological
diversity and were located between the city centre and the western suburbs (see
Fuller et al., 2007 for further details).

While a wide range of people make use of parks, demographic differences do
exist. For example, women may be less likely to visit woodlands alone (e.g. Burgess,
1998), and a study of green space in the East Midlands region of the UK found
that they are less well used by women, individuals with disabilities, and those from
ethnic minorities (Bell et al., 2004). Sheffield park users were predominantly of
European ethnicity, and comprised roughly equal numbers of men and women,
individuals and groups as well as a wide age range (Table 10.1).

Common among the reasons for visiting urban green spaces are sport, relaxation,
socializing, entertaining children, dog walking and to “be in nature” (e.g. Ulrich
and Addoms, 1981; Burgess et al., 1988; Garvin and Berens, 1997; Chiesura,
2004; Dines et al., 2006). Results from CityForm’s case study neighbourhoods
survey show recreation to be the most frequent reason for using local green space
(Table 10.2; see Gaston et al., 2007 for details). This result is confirmed by direct
observation of people using Sheffield parks (Table 10.3); the most frequently
mentioned motivation among interview participants is walking (walking the dog,
taking a stroll, or walking en route to another destination). Exercise and sport (e.g.
cricket, football, skateboarding) are also commonly cited reasons for visits with
recurrent reference to bringing children to play. Other activities include having a
meal, reading, sitting, photography and socialising. As might be expected some
places are visited specifically because of their facilities (e.g. play area), the type
of space (e.g. cemetery) or because it is the closest space. Some of the less tangible
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Table 10.1 Visitor composition across 15 public green spaces in Sheffield

Total
people Gender Age (years) Group size

Male Female <10 10–16 Adult
<60

Adult
>60

Single Couple >2

Pre-Holiday
Weekend

(1400–1500)
1823 52 48 16 9 71 4 25 41 33

Weekday lunch
(1300–1400)

1040 47 53 10 6 81 3 47 34 19

Weekday
post-lunch
(1400–1500)

569 51 50 16 4 76 5 42 40 18

Holiday
Weekend

(1400–1500)
895 59 41 21 13 52 14 26 42 32

Weekday lunch
(1300–1400)

332 53 47 30 18 46 6 35 29 36

Weekday
post-lunch
(1400–1500)

431 52 48 31 25 36 8 32 25 43

Values for gender and age are the percentage of all people of known gender and age that were
male/female or in the different age groups. Values for group size are the percentage of all groups
of known size that were made up of singles, couples and groups of three or more people.

Table 10.2 Use by Urban Residents of Local Neighbourhood Green Spaces

Use at least Never visit
Visit Motivation Number of responses occasionally (%) (%)

Recreation 4056 72 28
Be in natural environment 3872 69 31
See local wildlife 3849 55 45
Meet friends/family 3959 53 47
Feed ducks 3621 36 64
Children to play 3714 36 64
Sport 3831 33 67
Walk dog 3622 16 84

Values in the second column are the number of responses to each individual question. Individuals
reporting no access to green space are excluded.

functions of these spaces are as places for peace and quiet, relaxation, rest and taking
a break. Clearly, there is potential for these latter kinds of functions to be linked
intimately to the quality and extent of green space within urban parks.

While wanting to be in nature is consistently reported as a reason to visit
public green space (e.g. Hayward and Weitzer, 1984; de Groot and van den Born,
2003), little is known about which components of the natural environment are
particularly important, and whether this is related to biodiversity. Responses to
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Table 10.3 Activities of visitors to 15 public Green Spaces in Sheffield

Total Walk Child Exercise Feed
people Lie/sit Walk dog oriented Sport (run/cycle) Café ducks Other

Pre-holiday
Weekend 1706 50 22 3 10 7 2 4 0 2
Weekday

lunch
1018 58 24 3 6 2 1 5 0 1

Weekday
post-lunch

825 46 31 3 6 8 1 3 0 2

Holiday
Weekend 543 17 39 3 14 7 5 6 1 7
Weekday

lunch
320 23 37 7 12 2 4 9 1 6

Weekday
post-lunch

417 16 32 5 23 6 3 4 0 11

Values are the percentages of all people where activity was recorded that engaged in each activity.
See Table 10.1 for observational time periods.

CityForm’s case study neighbourhoods survey indicate that 69% use local parks
to “be in a natural environment”, 55% to see local wildlife, and 36% to feed
ducks (Table 10.2). Similarly, Sheffield park interviewees strongly endorse the
importance of nature to the park experience, and at least two-thirds said that the
diversity of flora and fauna is valuable. Interestingly, when asked to give specific
reasons for visiting, explanations rarely refer to flora and fauna directly (those that
did included greenery, feeding ducks, collecting seeds, looking at birds/squirrels),
although broader constructions of nature are mentioned (e.g. fresh air, being outside,
peace and quiet, open space, topography). This suggests that specific elements of
biodiversity value (e.g. species richness, habitat heterogeneity) may not be directly
perceived as important, yet the combination of these components into a natural scene
is part of the reason why green spaces are used.

Sheffield park interviewees commonly reported feeling relaxed, refreshed, calm
and peaceful after leaving green spaces. Interview responses also indicated that
visits to green space facilitate the ability to reflect, engender strong emotional
attachments and support both feelings of uniqueness as well as a connection to
one’s past experiences. This reflects two of the more intangible purposes of parks
identified in recent UK policy initiatives, that of contemplation and a sense of
place (CABE Space, 2005). Moreover, the degree of psychological benefit gained
increased with park area, the variety of habitats present in the park, and plant species
richness (Fuller et al., 2007). This suggests that biological complexity is directly
related to the quality of the urban green space experience.

A less frequently studied component of urban green spaces is the “soundscape”
(acoustic environment) and its quality. In three Sheffield parks, located in the three
case study neighbourhoods (inner, between, outer), the sounds most frequently
mentioned by visitors are those of natural origin (e.g. bird song, dogs, wind in the
trees). Vegetation buffers could have reduced the prevalence of mechanical sounds
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(e.g. traffic, building ventilation, construction; Irvine et al., 2009). Mechanical
sounds are consistently rated less pleasant than natural sounds both within green
spaces (e.g. Payne et al., 2007) and in public squares (Yang and Kang, 2005) and
the soundscape has been shown to affect opportunities for reflection (Payne et al.,
2007).

Biodiversity Management

A traditional view of biodiversity management in urban green spaces might
emphasize the exclusion of people to allow vegetative growth and reduce
disturbance to specific species of flora and fauna (Sorace, 2001). Parks and remnant
fragments of original vegetation that have been managed in this way do tend to
support a greater diversity of species than the urban landscape in general (Jokimäki
and Suhonen, 1993; Hadidian et al., 1997). The variety of habitats available and the
presence of particular park features such as rough grass are associated with elevated
species richness (Chamberlain et al., 2007). Species richness is positively correlated
with park area, and biological communities within parks are structured in a way that
mirrors that found in more natural environments (Fernández-Juricic, 2001; Cornelis
and Hermy, 2004; Fernández-Juricic et al., 2005). However, the emerging evidence
for a positive relationship between biodiversity value and benefits to psychological
well-being, along with the importance that green space users attach to an experience
of nature, suggests, at the very least, that management for people and biodiversity
should be considered simultaneously, and even that carefully planned management
to enhance biodiversity value will also benefit park users, in a win-win scenario.

Managing for biodiversity necessarily raises a number of issues given that
recreation is, and rightly so, an important use of parks. Viewing the function of parks
as an amenity for people has historically led to provision of large formal spaces
(e.g. botanical gardens) that include sizable expanses of mown grass (amenity turf)
for sport and recreation, and open spaces with few trees and shrubs (Hunziker et
al., 2007). There is also a large and thriving literature suggesting that this “urban
savannah” design is fundamentally preferred (Kaplan and Kaplan, 1989). This
presents a clear challenge in terms of maintaining biological diversity. Additionally,
given the range and intensity of activities undertaken in these spaces, there could be
concerns over constraints that biodiversity management might place on usage.

These concerns are apparent in comments from Sheffield interviewees in
response to a question about the use of rough grassy areas or fences as management
tools for the “welfare of plants and animals”. Specific activities mentioned that
could be negatively impacted included sport, sitting, walking and children playing,
with additional comments concerning aesthetics (e.g. it would look neglected,
fences are ugly), the purpose of parks (e.g. parks are for people, parks should be
accessible), and safety (e.g. things could hide in the grass, children could hurt
themselves on fences).

Yet just as many interviewees are not opposed to the use of fences or rough
grass areas, seeing the potential benefits (e.g. educational opportunity, people
doing something for nature), and, among those opposed, most provide suggestions
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activities that are conducted in them. Human activity and management patterns will
again modify the pattern of biodiversity (e.g. through trampling, seed dispersal,
bird feeding). Thus, while urban form can strongly influence the distribution of
biodiversity, the resulting pattern of biodiversity also constrains and modifies human
access to nature.

In urban areas, coverage by green space (be they parcels of countryside, parks,
gardens, road verges or other patches of vegetated surface) is an important correlate
of biodiversity value, both in terms of species richness and sometimes abundance.
For many groups of organisms, species richness declines as coverage by green
space declines. Furthermore, the influence of green space on biodiversity can act
at different spatial scales, both locally and regionally (Clergeau et al., 2001; Melles
et al., 2003). In other words, the level of biodiversity may depend not only on the
extent of green space at that locality, but also on the extent of green space in the
wider region in which the locality is embedded.

Within Sheffield, coverage by green space is correlated with the diversity of
both birds and plants. The proportion of land cover comprising green space in the
100 m radius around a series of survey points across the city shows a strong positive
association with bird species richness, although the explanatory power was rather
low (Fig. 10.2a). Bird abundance initially increases as the amount of green space
increases but eventually declines in areas with very high green space coverage
(Fig. 10.2b). The initial rise is probably associated with an increase in habitat
heterogeneity in the early stages of urbanizing an area (Tratalos et al., 2007b),
whereas continuously-vegetated areas (e.g. woodland habitats) tend to support
homogeneous communities of native species. There is a strong positive relationship
between green space coverage and native plant species richness (Fig. 10.2c), and
a hump-shaped relationship between green space coverage and non-native plant
species richness (Fig. 10.2d).

The rather low explanatory power of many of the foregoing relationships
suggests that although green space is clearly associated with the distribution of
biodiversity, there are many other factors at play. Research is beginning to identify
fascinating predictive relationships between socioeconomic variables and patterns
of urban biodiversity (Collins et al., 2000; Hope et al., 2003; Martin et al., 2004).
In Sheffield, bird species richness varied significantly across 47 neighbourhood
types (Fuller et al., 2008). One important study, conducted across the Central
Arizona-Phoenix region in the United States, reveals that in addition to elevation
and current and former land use, spatial variation in plant diversity is best explained
by family income and age of housing (Hope et al., 2003). Such relationships
presumably reflect either subtle habitat characteristics not easily measured by
standard habitat parameters, or variation in the way in which different kinds of urban
areas are managed by residents and local authorities (Kinzig et al., 2005).

While spatial variation in human society might impact strongly on the
distribution of biodiversity, for example though variation in how land is managed,
there are clear interactions in the opposite direction. Sheffield alone supports over
600,000 birds, equating to 1.18 birds per person (Fuller et al., 2009), so urban
areas are potentially important arenas for contact between people and wildlife.
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Fig. 10.2 Relationships between Green Space Coverage around a Series of Sampling Locations
in Sheffield and (a) Breeding Bird Species Richness, (b) Breeding Bird Density, (c) Native Plant
Richness and (d) Alien Plant Richness. Green space was measured in 100 m buffers around survey
locations. Error bars are 95% confidence intervals

Urban biodiversity can be framed as a quality of life indicator, promoting enhanced
psychological and physiological well-being. For example, the UK government has
established five biodiversity indicators “to ensure that urban areas contribute fully
to the goals of biodiversity conservation and enhance the quality of life of people
who live there” (DEFRA, 2002). Within Sheffield there is a negative relationship
between bird species richness and the level of deprivation among neighbourhoods,
as measured by the Index of Multiple Deprivation (Fig. 10.3); less privileged
sectors of society have lower levels of biodiversity around the places where they
live.

Although access to green space is an important issue in urban planning, rather
little is known about actual levels of such access across the human urban population
(Wray et al., 2005). This is despite the fact that regulatory agencies provide
explicit guidance to safeguard access to green space in urban areas. The European
Environment Agency (EEA) recommends that people should have access to green
space within 15 minutes walking distance (roughly equivalent to 900 m), a condition
that appears to be met for several of Europe’s smaller cities (Stanners and Bourdeau,
1995). More stringently a UK government agency recommends that “people living
in towns and cities should have an accessible natural green space less than 300 m
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Fig. 10.3 Relationship between Local Levels of Deprivation and Avian Species Richness in
Sheffield. Data points are for eleven neighbourhood types and represent mean bird species richness
derived from point transect surveys in summer 2004

from home” (Wray et al., 2005). In Sheffield, 64% of households are located more
than 300 m from the nearest public green space and 72% are more than 300 m
along the road network from the nearest municipal park (Barbosa et al., 2007).
Some households are more than 20 times this distance. Additionally, proximity
varies significantly across society, with households in wealthier neighbourhood
types tending to live further from public green space than households in less affluent
neighbourhoods. While wealthier neighbourhoods might have greater access to
gardens, the two types of green space play very different roles (Kellett, 1982;
Bernardini and Irvine, 2007), and the degree to which they can substitute for one
another is unclear (Barbosa et al., 2007).

In terms of urban planning, access to green space depends closely on where and
how that space is located across the landscape. An uneven distribution might lead
to the kinds of social inequalities described above. For a given total area of green
space, the spatial configuration of the component patches is also likely to play a
role in its biodiversity value (Donnelly and Marzluff, 2006). Urban environments
are highly fragmented, with habitat patches of various sizes being isolated from
each other by the road network and buildings. Despite this, the degree to which
urban habitat patches are isolated from one another shows no general relationship
with patch species richness (e.g. Bastin and Thomas, 1999; Fernández-Juricic, 2000;
Gibb and Hochuli, 2002). In part, this may result from links between habitat patches
formed by interstitial vegetation within the urban matrix (most notably gardens).
Additionally, some mobile organisms, such as birds, may be able to disperse
among widely separated patches of suitable habitat. While there appears to be no
strong general effect of patch connectivity in urban environments, larger patches
do typically contain higher species richness, and some native species only occur
in such patches (e.g. Dickman, 1987; Mörtberg and Wallentinus, 2000; Park and
Lee, 2000). Ecological surveys of gardens in Sheffield reveal that on average those
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which are larger contain greater numbers of plant species, although small gardens
can nonetheless be very species rich (Smith et al., 2006a).

Overall, the amount of green space is the single most important predictor of
biodiversity levels in a city. Thus, for example, while enhancing connectivity can be
important, maximizing the amount of vegetated space within cities should always
feature strongly in planning for urban biodiversity (Rebele, 1994). The same can
be said for the provision of green spaces as places for people to engage with
the natural environment (Ward Thompson, 2002; Gomez and Salvador, 2006). Of
course, conservation of biodiversity is not and should not always be the key driver
of green space management within cities. In some cases, increased urban density and
the subsequent isolation of small city green spaces may reduce pressure elsewhere
in the landscape (Merrill 2004).

Conclusion

Urban green space has been studied extensively from both ecological and
psychological perspectives with little communication between the groups of
disciplines involved. We suggest that a fuller understanding of urban green space
depends on considering simultaneously factors such as the amount of green space,
density of housing, socio-economic-demographic composition and distribution
of local human populations as well as the spatial configuration, quality and type
of green space available. While clearly there is still much to learn about the
interactions among humans, green space and biodiversity within cities here, we
close this chapter by outlining the management and policy implications of what we
do know, and identify the most pressing research challenges for the future.

While a large body of literature has documented positive effects of human contact
with nature, and is useful for developing general approaches to urban planning,
more specific knowledge about the magnitude or enduring quality of responses
by human well-being to the presence of natural features in the urban landscape
would enable a more quantitative approach to siting and managing green spaces,
both public and private. The degree to which these two radically different types of
green space can substitute for one another is unclear. Our data suggest they facilitate
quality of life through different routes. Similarly, assessments of the quality of urban
green spaces typically emphasize tidiness, the absence of litter and graffiti, and the
presence of well-maintained facilities. Our demonstration that levels of biodiversity
are positively linked to human well-being adds another angle to the debate over
what constitutes quality in urban green space. We must now begin to understand the
mechanism by which biodiversity in a landscape promotes human well-being.

The designation and management of green space is typically not strategic,
frequently resulting in a collection of land parcels which, for various reasons, have
not been developed for other purposes. This can lead to an ad hoc approach to green
space planning and provision. However, designing spaces to meet the needs of all
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users or establishing uniform criteria to be met may ultimately be detrimental for
both biological and psycho-social benefits. We suggest a need to recognize the
value and importance of local differences, creating a mosaic of opportunities for
different kinds of interactions with green space (Thwaites et al., 2005). Given the
importance of geographic proximity for green space usage and that access varies
across society, explicit spatial planning is required for this kind of strategy to
work. Yet the tools to predict the consequences of alternative plans for biodiversity
and human well-being are limited and the extent to which access to green space
equates with access to biodiversity is currently unknown. Given that psychological
benefits increase with biodiversity levels, it is imperative that biodiversity measures
be incorporated into audits of green space access for urban residents. Understanding
these issues is central to designing cities that improve the experience of nature while
also addressing biodiversity conservation.

Broad public participation is vital for the creation of public green spaces that
address these multiple issues of quality. Working at local scales and providing
meaningful opportunities for involvement may not only facilitate acceptance of what
necessarily may be radically different types of spaces but could generate solutions
that are more extensive and economical than otherwise might be possible (Irvine
and Kaplan, 2001). An additional intriguing arena for public involvement is the
private residential urban garden where multiple individual management decisions
can result in landscape scale effects. This raises the fascinating possibility that,
for example, garden bird feeding could be explicitly harnessed to influence the
conservation status of a particular species that occurs within urban areas in order
to achieve regional biodiversity targets. Despite the prevalence of private gardens in
many modern cities, surprisingly little is known about the motivations for particular
garden management decisions or the propensity to engage in “wildlife-friendly”
activities.

From a policy perspective, both the conservation of urban biodiversity and the
enhancement of public health depend on a better understanding of the interactions
between people and urban nature. There is growing realization that urban green
spaces are valuable resources for creating sustainable cities. These places are not
only a contribution to achieving biodiversity conservation objectives but they form
one of the main routes through which urban residents can benefit from nature. The
interactions between people and urban nature are surprisingly finely tuned, with
feedbacks occurring in both directions. Management strategies must therefore be
sought that complement both the ecological and the human value of urban green
space. Because of the highly synergistic quality of the relationship between these
two types of benefits, the needs of management for biodiversity value and human
well-being may not always indicate divergent solutions.
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Chapter 11
Complementarities and Contradictions

Colin Jones, Mike Jenks and Glen Bramley

Introduction

The final chapter addresses the key question which brings together the research
presented in the book: to what extent and in what ways does urban form affect
sustainability? It begins by recounting the elements of urban form and the oft
repeated mantras so prevalent in policy. It summarises the relationships between
urban form elements and the dimensions – social acceptability, energy use, travel
and mobility, ecology and biodiversity and economic viability – set out in earlier
chapters. The lessons drawn from some key overarching sustainability issues –
the potential impact of building sustainable developments on lifestyles, the use of
open space and adapting the city are then examined. The next sections identify the
essential links between sustainability and elements of urban form and the important
messages for sustainability policies identified in the earlier chapters. The chapter
concludes with some ideas about rethinking sustainability.

There is an increasingly intense debate in policy and practice about sustainability
and a key issue is to what extent the adaptation of the physical form of cities
and the way people live in them and travel around them can improve it. To date
many of the dominant arguments about urban sustainability policy have been put
forward in simple black and white terms, couched as the compact urban form
versus dispersed urban form or urban sprawl. Viewed from this perspective it is
perhaps not surprising that ‘compact city’ arguments have been more attractive
to governments and sustainability policies have focused on increasing the density
of urban development, improving public transport, ensuring a mix of uses and
containing sprawl. Despite this widespread adoption of these policies, the evidence
base supporting it is very limited.

The book has sought to get beneath the veneer of the sustainability debate by,
first, looking in depth at the issues and second, to present the evidence from a
study that has been designed to assess individual components of the arguments.

C. Jones (B)
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The analysis has attempted to unpack some of the complexities of the relationships
between urban form and sustainability.

The task is not straightforward as the measurement of urban form is not easy
and sustainability itself is an elusive concept widely open to interpretation. Despite
the apparent simplicity of policy prescriptions, the concept of urban sustainability
has arguably become increasingly complex. The issue can be as wide as a city’s
ecological footprint, influenced not just simply by the physical urban form of a
city but also the transport network, the nature of the wider (national) urban system
and links between the urban areas. This could include factors such as the degree
of inter-urban commuting and freight distribution patterns, as well as the waste
disposal process and air pollution. However, this research has viewed sustainability
from a defined perspective – it draws a line and defines and tests the key arguments
in theory and literature that have been used to link urban form to sustainability
(Figure 11.1).

Unlike many other texts on this subject, the core of the book looks at the
sustainability of cities from the environmental, social and economic perspectives.
There are a series of potential contradictions and complementarities as social
acceptability, environmental concerns and economic forces vie for hegemony. The
planner’s challenging task is to address and resolve the tensions from this triangle
of potential conflicts. On the one hand cities are the centres for wealth generation,
the consumption of goods and services and the hubs of the economy. On the other
hand they are consumers of land and the primary polluter or producer of waste. At

Urban Form

Economic
Environment:

Ecology &
Biodiversity

TransportSocial

Density
Housing &

Building Type 
Land Use Layout

Transport
Infrastructure

Sustainability

Environment:
Energy

Fig. 11.1 The relationships between elements of urban form and sustainability dimensions
researched
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the same time cities are where the majority of the population lives and so need to
be places in which they are happy to live. Weighing up these different factors is not
simple – there are different languages and metrics applied by professional specialists
and there are also divergent interests and time horizons from different groups of the
community that create barriers to a commonality of views.

This chapter explores and attempts to draw some conclusions about these
apparent conflicts based on a structured review of empirical evidence. As a first
step it is useful to have a reminder of urban form and this is followed by a review of
the different dimensions of sustainability and summary of the findings.

Urban Form

Urban form can be considered at a number of different spatial scales and can be
measured in a number of different ways. In this research it is characterized in
terms of five elements – the pattern of land use, accessibility defined by transport
infrastructure, density, housing/building characteristics and urban layout. Each of
these, to a degree, overlap and it is difficult to completely isolate individual
components.

The core research in this book is based on five UK cities. Within these cities,
case studies were selected comprising neighbourhoods located in the inner, middle
and outer areas, effectively representing a slice through each city. These offer a
range of different types of British city, and have some similarities to other cities
in a wider world context. They are cities that historically grew around a central
core, and have a mono-centric urban form, with central business and commercial
cores, higher density housing in the inner core with lower densities moving out
towards the peripheries. In general terms they are at the lower point in the global
spectrum of urban densities (although relatively high by UK standards) and are also
less dominated by their central cores than, for example, US cities. The analysis of
street networks reveals a broadly consistent negative gradient from the city centre
in terms of their density and complexity, interconnectedness and degree of sprawl.
Gross population densities follow a similar spatial structure.

This internal physical spatial structure is mirrored by the housing tenure and
demographic patterns. Younger people with few children live primarily in the higher
density inner areas while older households and families are predominantly in low
density suburban areas. Private rented housing is focused in the inner areas and outer
rings are often mainly owner occupied. Social housing in British cities is spatially
concentrated and located mainly in inner areas but with some larger peripheral
estates. The spatial structure of each of the five cities therefore aligns closely to
the more ‘traditional’ mono-centric city form and there is a strong relationship
between physical urban form of neighbourhoods and socio-economic-demographic
characteristics of households. Nevertheless, there were also some decentralising
trends apparent.
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Core Sustainability Dimensions

Transport: Travel and Mobility

The adverse environmental and energy consumption consequences of the dominant
use of private cars in cities are perhaps the most fundamental source of demands
for more sustainable urban policies. The increasing use of the car has contributed
to the widespread suburbanisation of cities and urban sprawl. The process is
self-reinforcing as new low density residential areas necessitate the use of a car for
commuting, accessibility to shops, schools and virtually every facet of everyday
life. It is a significant worldwide issue and has intensified calls for sustainable
transport policies based on the promotion of public transport. As a result many
have argued that cities can be designed to create urban neighbourhoods with local
services nearby in such a way as to stimulate the use of public transport, walking
and cycling.

This approach faces a number of major hurdles. There is the obvious travel
flexibility provided by a car that means that it is often chosen over other convenient
transport modes. In the absence of constraints such as road pricing or parking
restrictions at key destinations the car is likely to continue to be the principal method
of travel to most activities for those who have access to one. Indeed people often
choose to travel further distances by car to access a ‘better’ range of shopping
than use the more limited local options. Even if urban neighbourhood design could
stimulate greater use of local amenities, it is probable that the savings generated
will only be used for wider travel. In addition not all urban travel is determined by
reference to a person’s home and surrounding neighbourhood, so that for example
shopping and leisure travel patterns may be linked to commuting and work location.
Overall the assumption that redesigning urban form can bring about a substantial
change in travel behaviour is open to question. A key issue is to what extent
residential location choice is the consequence of household travel preferences.
Chapter 3 addresses this question and investigates the effectiveness of urban form
as a means to induce more sustainable travel patterns. In particular the chapter
contributes to our understanding of the underlying relationships by exploring the
extent to which the availability of cars, trips made and distance travelled by a
household is influenced by urban form.

Chapter 3 finds that traditional urban forms characterised by moderately high
densities of housing, mixed land-uses, proximity to public transport and grid-pattern
road layouts are definitely linked with lower levels of car availability which in
turn are associated with lower trip frequencies and shorter travel distances. Overall
car ownership levels are found to increase with decreasing population density
and increasing distance from city centre. There are a number of explanations for
these phenomena. Localities with high population density can support a greater
range of local services and facilities while at the same time usually offering good
public transport services. In the highest density areas, limited parking supply and
regulatory control can also be expected to play a role in deflating car demand.
However, self-selection of residential location on the basis of travel preferences
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is not found to be a major influence on car travel. Household income is a strong
influence on car ownership, although this is lessened in higher density areas; it also
influences trip making behaviour but has no measurable effect on distance travelled.

A distinction can be drawn between travel within neighbourhoods and
commuting. Local travel is influenced by the frequency of use of a number of key
services/facilities and these are found to decline with distance from home. There
remain a number of limitations to these conclusions. For example, residents with
lower levels of access may organise their use of services more efficiently than those
living in close proximity to local services, or may be more likely to use services
located close to their workplace.

The relationship between travel and urban form is therefore not simple.
Generally, urban form is not found to influence the number of work-day journeys
of the employed, the number of trips for work and non-work journeys and the
additional distance required to undertake work travel over and above the shortest
route from home to work. At the neighbourhood level, too, the relationships
between travel and use of local services is clouded and the analysis suggests that
(re)designing a neighbourhood per se will not necessarily bring substantial change
to travel behaviour. Other measures will be needed to secure a fully ‘sustainable’
shift in travel behaviour, for example relating to the higher taxation and pricing
of fuel, increased regulation and stronger direct management of travel demand.
Nevertheless, the research does provide some support for basic propositions linking
density with car ownership and use.

Environment: Ecology and Biodiversity

The growth of the urban landscape across the world has a substantial impact on
the natural habitat and hence on the disruption of ecosystems and biodiversity.
Much has been written on these transformations but very little focus has been
placed on how the precise geography of towns and cities can and does shape
and moderate these processes within their boundaries. Given the inevitability of
an increasing proportion of the world’s population living in urban areas it is an
important sustainability policy area. A key variable is the spatial pattern of green
spaces in a city in terms not only of its extent but also its composition. The road
network in particular configures green spaces and potentially forms a barrier (or a
conduit) for dispersal of animals and plants.

Chapter 4 assesses relationships between urban form and green space extent,
ecosystem service provision and biodiversity. In this context urban form is best
measured in terms of population density, the patterns of coverage of different land
use types, and the degree of connectivity of different patches of land cover. The
analysis is based primarily, although not exclusively, from empirical studies of these
issues undertaken within the five case study cities.

Looking first at biodiversity, higher urban density is found to be strongly
associated with a reduction in total green space coverage, and to influence the



244 C. Jones et al.

connectivity of vegetated patches across the townscape. Increased population
density has implications for essential elements of the local ecosystem that are
mediated by green space. These encompass the regulation of water and temperature
regimes, carbon sequestration and the provision of pest control and pollinators
across the urban landscape. One striking relationship between biodiversity and
density is given by the incidence of bird species. Levels of bird species richness
showed a hump-shaped relationship with housing density, rising initially as density
increased, but then declining sharply at highly urbanized locations. In addition,
reductions in the scale and quality of green space through higher densities lead to
substantial restrictions on recreation within urban areas and access to an experience
of nature, especially for children.

An understanding of the distribution of ecosystem elements and the associated
pattern of biodiversity across the urban landscape is crucial for predicting the
consequences of policies designed to increase urban density. There is a clear
message from the evidence that there is a decline in ecosystem functions and
biodiversity potential with increasing urban density at the higher end of the range.
Nevertheless the analysis suggests that there are opportunities for policies that are
designed to improve the environmental and ecological performance of urban areas
for any given level of urban density. But this will require further research.

There are more worrying issues linked to high densities, notably observed
reductions in numbers of species, even those expected to be most able to live
in and exploit urban environments. The result is a difficult ecological trade-off
between using more green fields for new development and accommodating more
people into existing cities. Greater urban management is required to minimise
the ecological impact of urban change. Spatially explicit area selection exercises
could help identify areas that are crucial to maintaining an effective ecosystem
function, and those areas that might efficiently be used for high density residential
developments. A better understanding of this trade-off is urgently required if we
are to plan for increasingly dense urban forms and ensure that declines in green
space and biodiversity will not lead to an substantially impaired ecosystem function,
and by implication the provision of ecosystem services to the majority of the
human population. Such declines would also degrade human experiences of nature
such that contact with the natural world will be diminished in both quantity and
quality. There are no easy answers to the sustainable ecological dimension of
cities.

Social Acceptability

A sustainable city must be a place where people want to live and work. Closer
examination suggests that social acceptability comprises two broad concepts –
social equity and the sustainability of the local community. The social dimension of
sustainability therefore incorporates issues of social justice, social inclusion, social
capital and social cohesion. Social equity can be defined in terms of ease of access
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to local services, facilities and opportunities. A community which is sustainable
displays high levels of what is formally described as social capital and/or social
cohesion that can be translated as pride in and attachment to the locality, good social
interaction, safety/trust and stability. These attributes offer residents what can be
summarised as a good ‘quality of life’. Overall social sustainability is reflected in
high levels of satisfaction with home and neighbourhood, and an appreciation of the
local environment.

In Chapter 5 elements of social sustainability are measured and their relationships
with urban form are quantified. For most aspects of sustainability of community
(particularly pride/attachment, stability, neighbourhood and home satisfaction, and
perceived environmental quality) lower density suburbs appear ‘best’. These aspects
of the social dimension challenge the ‘compact city’ orthodoxy, but there are
some counter-balancing benefits of compactness in the equity aspect of social
sustainability, particularly access to services. The complexity of the relationship
with density is reinforced by the finding that social interaction is best at medium
densities, while some aspects are neutral (e.g. community participation).

Some care has to be taken in the interpretation of these relationships as they are
also partly the result of factors not directly linked to urban form, such as housing
tenure and the social composition of neighbourhoods. In general, disadvantages of
compactness are more marginal once socio-demographic characteristics of residents
are controlled for. Poverty is often more important than urban form – who lives
where, and whether they are able to choose where they live, matters. However,
accessibility to key services, including a supermarket, within the neighbourhood
are identified as very important for different groups of residents such as the
unemployed, older people and young families and play a significant role in social
and community life.

The relationship between open space and social sustainability is not straight
forward. The use and social benefits derived from open and public spaces are not
just based on design but also dependent on the maintenance and supervision of
these spaces. Perceptions of safety within open spaces are crucial to their use and
linked to maintenance. However, management solutions are not necessarily easy
and shared communal gardens and spaces in higher density flats can in particular be
problematic.

The social dimension of urban sustainability cannot be linked to a precise
urban form, although lower density neighbourhoods have a significant advantage
in quality of life and community. Good quality, easily accessible services and
facilities in a neighbourhood are important, and are promoted by higher density,
confirming the findings of the analysis of travel in Chapter 3. Services will also
reflect public provision policies and local planning. Everyday management of urban
space, rather than its spatial pattern and scale, is a crucial contributor to social
sustainability. Overall social sustainability is not just dependent on neighbourhood
physical characteristics and urban form but also a function of urban management
and limited in particular by the extent and concentration of poverty within a
city.
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Environment: Energy Use

A key imperative of the drive toward a sustainable future is the reduction of energy
consumption and a high proportion of the energy consumption of cities is linked to
buildings. Long term policies can be aimed at adapting the existing housing stock
to improve their energy conservation and promote carbon neutral new housing. A
wider question is to what extent domestic energy use is influenced by the type of
housing and the built form. Arguments in favour of high density development in the
form of terraced housing or flats have emphasised a potential reduction in transport
(energy) use, and evidence from Chapter 3 provides some support for this view
albeit with significant qualifications. It is possible that these types of housing also
lower domestic energy consumption to some degree compared with semi-detached
and detached houses.

Chapter 6 assesses this proposition but the analysis on domestic energy use finds
only a weak relationship with built urban form. Residential energy use is determined
less by house type and more by the level of occupancy within a home, and the type
of heating and domestic appliances used. Lifestyles and demographics therefore
influence energy consumption more than building type, so urban form is of only
marginal importance. Thus the connection with urban form is an indirect association
with occupancy (particularly number of bedrooms) – the smaller the house the less
energy used, and the smaller the house the more likely it is to be part of a higher
density urban form. There is also a slight suggestion that the organisation of a city’s
economy and urban form in shaping commuting may impact on energy consumption
via home working.

Economic Viability

The environmental and social dimensions are at the centre of sustainability concerns
for cities but economics is also a key influence on why cities exist in the form
that they do. The urban economy is a fundamental influence on sustainability, as
any policy solution will find it difficult to work counter to spatial market forces
in the long term. Sustainability policies have to balance wealth creation, economic
performance and the spatial pattern of economic activity determined primarily by
markets (albeit usually subject to planning) with meeting social and environmental
objectives.

It is in this context that Chapter 7 assesses the arguments and examines to
what extent the spatial economy constrains change. The crux of the debate has
centred on normative models of high density cities versus dispersed communities.
Proponents of the former view base their case on the benefits from magnified
agglomeration economies in a compact city and/or on the high infrastructure costs
of sprawl. The chapter finds that these high density arguments are based on too
simplistic a concept of agglomeration economies which does not take into account
cities as dynamic entities with spatial land use patterns subject to change. The
urban dispersal ‘alternative’, partly the inevitable outcome of market forces, is
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found to have the draw-back that the existing longstanding urban dispersal trends
have substantially increased commuting distances and travel to work, as well as
public/shared infrastructure costs. These ‘externality’ effects are not considered by
individual market decision-makers in their individual decisions to decentralise.

There is no single urban form that satisfies economic sustainability uniquely.
Despite this, spatial economic forces are still a key to sustainable cities in that land
use patterns must be economically viable; otherwise market forces will mean they
will not be stable in the long run. An adequate supply of housing for the workforce
and their families is also necessary to ensure affordable housing.

The evidence suggests a potential for adapting the existing city form to make
it more economically sustainable. The commercial and industrial property sectors
demonstrate some locational flexibility and imply that the viability of these land
use markets will not constrain different urban forms, including decentralised
urban systems. However, the analysis of the housing market shows that many
households prefer low density housing and that there appears to be a household
life-cycle element to residential location choice. Younger and non-pensioner single
households live in the central city areas but move out to suburban locations as they
move through the family life cycle. This means that it will be difficult to encourage
more concentrated urban forms without significant changes to the underlying forces
of city housing markets. In addition the patterns of viability in the city housing
markets suggest there are major constraints to reshaping local housing markets,
particularly where concentrated poverty makes market-led redevelopment unviable.

Some Key Sustainability Issues

While the individual dimensions of the sustainability city have been examined, it
is evident that these overlap. The social dimension incorporates social equity and
the use of local services which in turn are linked to their economic viability. An
important contributor to environmental sustainability is the amount and location
of green space but this is similarly a major contributor to the quality of life and
social sustainability. The extent of green space is also a function of the operation
of the housing market and the relative profitability of different housing types. Three
chapters examine these inter-relationships focusing on practical issues to improve
sustainable urban living – increasing neighbourhood density, providing sustainable
developments for sustainable lifestyles, and the provision and management of green
space.

Intensifying Neighbourhood Density

A major theme of many protagonists for change is the need for higher residential
densities to enhance sustainability. As the analysis above demonstrates these
arguments are not entirely founded on empirical analysis. Nevertheless Chapter 8
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accepts this paradigm and seeks to develop a theoretical underpinning of, and a
methodology for, urban intensification and regeneration. It transforms indicators
of sustainability into strategic concepts of urban restructuring and regeneration and
applies them to an inner city area of Glasgow. The core of this research is generation
of an assessment tool for the systematic measurement and evaluation of levels of
(un)sustainability of urban areas with the help of threshold and target values. The
output of this analysis in the form of a land use plan is then presented using two and
three-dimensional models for the selected neighbourhoods, which are then tested
for viability.

The detailed investigation of Govan, a working class area of Glasgow, shows
that a systematic tool can be applied to restructure cities into a series of sustainable
neighbourhoods, all with their own amenities within walking distance of peoples’
front doors with local centres directly linked by public transport. However, the
outcomes of the analysis also demonstrate that the achievement of intensification
targets can be a rather painful process, which will require both strategic and
multilateral thinking and the courage not to compromise too soon given the
substantial upheaval involved.

Sustainable Developments and Sustainable Behaviour

In addition to sustainability strategies for the restructuring of neighbourhoods
is the building of developments designed to be sustainable. Chapter 9 addresses
a seemingly simple question: do residents of new housing developments, built
according to sustainability principles, behave any more sustainably than the
population in general? The research examines three elements of sustainable
behaviour related to neighbourhood-scale design:

• residents’ home-based sustainable behaviours; including reducing energy and
water consumption, recycling and composting waste and supporting wildlife in
gardens

• residents’ travel behaviour and car ownership
• residents’ ‘social sustainability’ behaviours; such as social participation and the

use of local services, businesses and facilities

These elements encompass all aspects of domestic sustainability behaviour.
The analysis is based on a survey of households living in thirteen ‘sustainable’
developments and the findings are benchmarked against more general national
surveys.

The findings are, perhaps surprisingly, more negative than positive. Households
living in the ‘sustainable’ developments only appear to behave more sustainably
than the rest of the population with regard to home-based resource efficiency
activities, such as water and energy use. Behaviour toward recycling and frequency
of use of local facilities are equivalent to national benchmarks. More importantly
when it comes to other activities, such as travel to work by car, owning (or
having access to) a car, social participation, encouraging wildlife, and composting
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they behave less sustainably than the population in general. While living in these
developments supported positively a more sustainable lifestyle it does not make
the residents take further steps in the process. Although the residents are more
knowledgeable about sustainability issues than the general population, this is not
necessarily translated into positive activity.

It is possible that the fact that these developments are new, works against a
social sustainability indicator such as social interaction because households may
not have had time to put roots down. The nature of high density may also militate
against such activities as outdoor composting and encouraging wildlife in gardens.
However, the residents in these sustainable developments have a social profile
biased toward higher proportions of managerial/professional households, and this
could act negatively against reducing car use but positively on other attitudes
toward sustainability. The analysis suggests that while sustainable developments
can provide the built environment to support sustainable lifestyles they do not
necessarily lead to a change in behaviour.

Ecological and Psychological Benefits of Urban Green Space

Public green space in cities is generally designed and managed to support the
recreational activities of people with little or no reference to the ecological benefits.
At the same time from a social-psychological perspective urban nature is an
important if under-recognised component of quality of life for urban residents.
Similarly urban public and private green spaces are an understated ecological
resource and represent significant components of regional and national biodiversity
conservation networks. In addition urban biodiversity patterns arise in response to,
and are maintained specifically by, repeated human activity. Human interventions
can not only degrade but can also improve urban ecosystems. Chapter 10 argues
that there are benefits to managing urban green spaces better from an ecological
perspective that will also increase the benefits to people.

The analysis examines biodiversity and human recreation activities in private
and public green space. Proximity to green space is a strong selection factor in park
usage and proximity has been shown to play a role in levels of physical activity and
self-reported health. This research suggests that access to green space varies across
social groups. However, the extent to which access to green space equates with
access to biodiversity is currently unknown, and will depend on how the biodiversity
value of urban green spaces is distributed across the urban landscape. Given that the
psychological benefits of green spaces increase with their biodiversity, there is a
need to incorporate biodiversity measures into an audit of access to green space for
urban residents.

The research on private gardens demonstrates that individual decisions made by
landowners can result in large scale effects on environmental conditions. This raises
the intriguing possibility that garden bird feeding could be galvanised to influence
the conservation status of a particular species occurring within urban areas. Urban
environments support nationally important populations of some species, yet in
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many cases conservation biology has yet to incorporate the urban environment into
conservation planning exercises. The degree to which people-nature interactions
can be harnessed to achieve national biodiversity targets remains unknown. Such
interactions might also contribute to targets relating to urban liveability. Given that
private gardens cover such a large proportion of many modern cities, surprisingly
little is known about motivations and drivers of private garden management. From a
policy perspective, both the conservation of urban biodiversity and the enhancement
of public health depend on a better understanding of this issue

Public green space and private gardens might, to some extent, provide
alternatives for contact with nature in urban settings. Indeed, in Sheffield there is
a negative correlation between the extent of public green space and private garden
space across the city. However, the degree to which these different kinds of green
space can substitute for one another to support biodiversity is unclear as these two
very frequently play different roles. For example, public green space can promote
community integration while social interactions in gardens are focused around a
private social network. The persistence of privately provided green space may also
be less secure as gardens are built over during infill development.

Overall urban green spaces are valuable for both biodiversity and for people,
and management solutions must complement both values. Because of the highly
synergistic nature of the relationship between these two types of benefits, the
needs of management for biodiversity value and human well-being need not always
indicate divergent solutions. To discover and implement such solutions will require
systems of implementation that can actively trade off ecological value and benefits
to human well-being. Urban design and management strategies must therefore be
sought that complement both the ecological and the human value of urban green
space.

Urban Form and Sustainability

Having examined how the different dimensions of sustainability link to elements of
urban form, this section suggests how some relationships between them work. As
noted earlier, elements of urban form overlap, and for simplicity the general focus
here is on density in its broadest sense as a key physical variable. It is a useful
vehicle to summarise our findings and also represents the primary variable at the
centre of much debate about the shape of sustainable cities. However, some caution
must also be applied as there are various measures of density, and related urban form
elements do not reduce to a single dimensional variable.

The conclusions from the preceding chapters can be summarised in the following
points:

• Green space in total, and its connectivity, is reduced at higher urban densities,
which affects the level of ecosystem services provided as well as opportunities
for recreation and other benefits to human health and wellbeing.
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• There are positive relationships between biodiversity and human well-being
across both public and private green spaces within the city, so indirectly relating
wellbeing to urban form in conjunction with the above point

• One key measure of biodiversity, bird species richness, shows a hump-shaped
relationship with housing density, initially increasing but declining sharply in
more highly urbanized sites.

• Road and associated infrastructure costs increase by a higher than proportional
rate with falling density.

• Energy use in buildings is only weakly linked to the built urban form, being
determined primarily by socio-demographics and lifestyles.

• There is some flexibility in the intra-urban location of commercial and industrial
land uses. While the city centre remains the dominant location for offices and
retailing there are benefits from decentralisation. These patterns suggest that the
economics of these land uses will not constrain the establishment of compact or
dispersed urban forms.

• Residents’ sense of pride and attachment to neighbourhood, their sense of safety,
their rating of environmental quality, satisfaction with the home and residential
stability are all greater in lower density neighbourhoods, controlling for a wide
range of other influences.

• Social interaction and friendliness and participation in local collective activities
tend to be highest in areas of medium density, after allowing for socio-
demographics.

• Use of local services is greater in areas of higher density and better accessibility.
• Car ownership, particularly the propensity of higher income households to have

two cars, is markedly less in higher density areas allowing for other factors.
Limited parking supply and regulatory control in high density neighbourhoods
can also be expected to play a role in reducing car demand.

• Travel distances in general and by car tend to be less in central and higher density
areas, and where employment locations are closer, and these tendencies will
reinforce the car ownership effect. These effects are not simply due to selection
effects but appear to be causally related to density and location.

• Private residential choices in general favour low density suburbs but there is a
household life-cycle element to residential location choice. Younger and non-
pensioner single households live in the central city areas but move out to suburban
locations as they move through the family life cycle.

• Gardens emerge strongly as a positive feature for both individual preference
satisfaction and social/public goods, including biodiversity and ecosystem
services.

The interpretation of some of these relationships between urban form and
dimensions of sustainability must be treated with some care. In studying these
links, for example between density and social outcomes it is essential to control
for the influence of other intervening variables, as these factors can have significant
influences and affect conclusions. For example, poverty in particular is a key
influence on the social sustainability of a neighbourhood. Lifestyles, including the
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use of cars, are not necessarily determined by urban physical form, although they
may be influenced and constrained by it. Consumption in its broadest sense is more
broadly determined by incomes and social class. This is reflected in the patterns
of the spatial viability of new housing development being more dependent on the
socio-economic status of a neighbourhood than any particular feature of urban form.

The implication of the above findings is that there are indeed complementarities
and contradictions, and that there will be trade-offs between them. The detailed
findings that measured each aspect give a clear understanding of the magnitude or
significance of each. Thus this research challenges the simple compact city thesis
in that, for example, the social dimension of sustainability is compromised by high
density living while there are no clear economic benefits to this urban form beyond
the greater viability of local services. Very high density cities also have significant
negative biodiversity and ecosystem effects. These negative effects mean that from
an environmental perspective there are ecological pluses and minuses of different
urban forms within a sub-regional context and that minimising the built up urban
area through high densities/maximising the surrounding green space may not be the
optimum solution.

Towards Urban Sustainability

The research presented in this book queries the implicit direct role of physical
determinism on human behaviour in many of the sustainability arguments. Creating
high density cities does not necessarily reduce car travel. Building sustainable
developments does not mean that the residents have sustainable lifestyles. Simply
(re)designing a series of ‘sustainable’ neighbourhoods is not a sufficient condition
for the sustainable city. Wider socio-economic-demographic influences can be
more dominant influences. In policy terms, these point towards other measures,
for example the use of social marketing via media and promotion, tax incentives,
regulations and so forth.

The relationships between household behaviour, lifestyles and attitudes and
urban form is complex, although there is a clear family life cycle relationship.
While high density living may be socially acceptable to some for others, particularly
families, suburban living appeals as a compromise between providing space and
the availability of services. Not only is there no single optimum density for a
neighbourhood but market forces will ensure that density will vary with location,
shaping any planned urban form in the medium to long term. Sustainable planning
policy and guidance cannot ignore these forces.

The influences on the elements of urban form are argued to be the outcome of
the operation of real estate markets within a framework set by a city’s transport
infrastructure and moderated by local planning policies. They reflect a myriad
of private choices, whether by individual households seeking a home (balancing
affordability and access against a wish for more space) or by developers looking at
the optimal mix for developments within constraints set by planning. However, these
decisions also have pervasive external or ‘public’ effects: each new development
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changes the outlook for existing residents, reduces or changes green space, increases
congestion, and has consequences for urban sustainability. There are inevitably
contrasts between the private and public perspective on urban form that planning
policy has to manage.

Policies toward housing as the dominant land use in cities are key to urban
sustainability. The evidence on commercial and industrial land uses is that they are
relatively agnostic with regard to specific urban forms. The housing market and
household attitudes toward and satisfaction from particular built forms are keys
to the sustainability of cities. This requires not only market viability (derived in
part from household preferences) but also a sufficient supply of housing that is
affordable. Cities are dynamic entities it is not sufficient for urban planning to stifle
physical development simply to create a compact city; the city-region must also
be able to accommodate any urban growth in a sustainable manner. Our findings
suggest a range of densities should be accommodated, and this will require a holistic
approach that encompasses the provision of social and physical infrastructure to
ensure a sustainable solution.

An important aspect of sustainable urban policy (and shaping urban
development) is changing the transport infrastructure and public/private travel
costs. To date explicit sustainable transport policies primarily aimed at switching
people from private to public transport have not been very effective; stronger price
incentives or demand management measures may be necessary.

Achieving sustainability may require fundamental change to existing
neighbourhoods and cities, and where necessary it has to be accepted at the
outset as a long term process. The substantial upheaval that is often necessary
within a neighbourhood to establish more intensive land use and higher densities
may engender public opposition. Any reshaping of cities requires major adjustments
to the local real estate markets and may require substantial public expenditure costs.
Such strategies to adapt the city form will require a consensual long term public
policy framework to ensure confidence for private property investment.

Thus, policy emphasis may be better placed on improved management of cities,
especially of neighbourhoods, infrastructure and green space. The message is that
sustainability is not a simple concept and hence policies to address it will be
diffuse and vary by neighbourhood. There may be scope for greater intensification
in some areas that have underused space, while in others the reverse may be true.
Neighbourhood strategies need to be bespoke rather than be subject to a generalised
‘one size fits all’ approach.

A Wider Perspective

The evidence presented in the book questions some of the established views on
sustainability and urban form. The research presented in this book is set within a
UK context, so how far can the lessons of urban sustainability be taken?

The cities investigated here are relatively high income, with modest population
growth, or even decline. Within them there are variations in wealth and poverty,
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and densities, although varied, are neither very low, nor very high by international
standards. The five cities show that lower density areas tend to be associated more
with higher income groups with higher levels of satisfaction, and that high density
is more associated with poorer people. This may be fairly typical of most cities
in the UK, although there are exceptions. For example, some of the wealthiest
areas of London or Edinburgh have high density urban forms, and there are many
examples of impoverished low density estates on the periphery of the UK’s larger
cities (including a couple of examples within our sample).

If the frame of reference is widened, and cities are considered in other parts of the
world, then again the issues, or at least balance between them changes. In cities of
burgeoning size and complexity, with rapid growth and extremes of poverty, such as
Mumbai with some 50% of its population living in slums, the balance, management
of growth and development will require different solutions. Nevertheless, the
principles expounded in this research and the forces identified here are of use in
all urban contexts. First, it has identified the key elements of urban form and the
potential relationships with the three key dimensions of sustainability. Second, it
has shown how this can be measured and understood. Third, it has indicated where
potential trade-offs might be found, albeit in the context of Western cities.

A city form is neither wholly sustainable nor unsustainable, rather it is a question
of degree. Further, the extent of sustainability depends on which dimension of
sustainability is considered. The complexity of the various dimensional trade-offs
in terms of different metrics, value judgements, essential or acceptable standards
and location specific factors, and the weighting between them means that policy
decisions aimed at improving sustainability are not necessarily easy.1

The scale and context of any such comparison or assessment has also to be
considered. A city/region as a whole may be more or less sustainable, but so also
may be different neighbourhoods within a given city. A city is a system of parts
and different parts are needed for the whole to function – a city needs its centre,
its suburbs, and so forth, and different demographic groups or businesses need
different types of place to function most effectively. Furthermore, cities are not static
phenomena so that any such scoring would need to consider a trajectory or change
or only represent a guide to future policy.

This discussion suggests that, given the dynamic nature of cities and in the
absence of an single uniquely sustainable urban form, sustainability policies should
not seek as a long term goal to create a definitive urban form. A single such form
does not exist, but instead, as we have shown, there are a number of avenues
down which more sustainable forms can be achieved. It also indicates that simply
examining the sustainability dimensions of a core city is not enough, and that it is
necessary to consider at least the city region and probably the urban system with a
sub-region.

1 The use of multi-criteria evaluation is one way forward for this general problem, e.g., see:
Munda G (2006) ‘Social multi-criteria evaluation for urban sustainability policies’, Land Use
Policy, 23, 1, 86–94.
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A more incremental and varied approach to urban sustainability implies the
development of a set of guiding principles to adapt and manage the existing city
forms and to plan urban development. It accepts that sustainability policies have
to start with the cities and towns that already exist, and planning is often about
incremental change. Given the complementarities and contradictions within the
dimensions of urban sustainability, this implies examining strategic sustainability
options for a particular city in a holistic manner. Such strategies could encompass
a range of generic urban development or management scenarios including:
intensification of some neighbourhoods within the existing built-up area of the city;
integrative green space planning, incremental expansion at the edge of the existing
urban area; corridor developments with intensive nodes oriented to transport
network changes; reconfiguration of transport infrastructure linked to expansion of
existing satellite towns or one or more new settlements. The list is only indicative
but it would also be intrinsic to these sustainability options to integrate the principal
infrastructural investments which would accompany them. Beneath these strategic
level options there are many micro issues about the constraints on individual new
developments, adaptations to the existing built environment and the integration of
land uses.

Conclusions

There are no simple messages from this book. There are no easy sets of urban form
sustainability rules or forms for policy makers, there are many trade-offs, and often
conflicting ones at that. Indeed much of the existing debate is to a certain extent
misplaced, as it is of little value to polarise the issues into either the compact
city or the dispersed urban form. Both exist side by side, and it is the balance
between them, and the way in which they can be enhanced, merged, connected
and made more sustainable that matters. Policies to improve urban sustainability
must be more bespoke. Urban form does affect sustainability but the relationships
are subtle and they can be overstated. Many influences on urban sustainability
are not the consequence of a city’s form but exogenously determined by the
socio-economic-demographic characteristics of the local population or non-spatial
factors such as the price of energy.

The book does show that there is scope for re-engineering existing cities. It
suggests a sensitive management of urban intensification that is targeted on key
urban areas, especially related to accessible public transport. It means that where
higher densities are achieved, the management and incorporation of both public and
private green space needs to be maintained, perhaps through green corridors and
smaller, but useable private gardens. It suggests that, where family homes are to be
built, forms need to be designed to discourage urban sprawl at the same time as
fulfilling family aspirations, and some of the medium density schemes illustrated
in Chapter 9 could provide a model. It suggests that a holistic approach to urban
management is desirable. The research here has shown that there is a need to manage
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the trade-offs between, for example, density in relation to biodiversity, social
acceptability, transport, and the real estate market. A balance could be achieved
if it is accepted that densities will vary from the lower (not lowest) to the acceptably
high, and that it is the transport links between them, and overall cumulative effect
on sustainability that might be managed to accommodate growth.

It is a universally accepted truth that research tends to raise more questions than
answers. This book is no exception. It has uncovered some new and surprising
relationships. It has given both comfort and pain to advocates of the compact city. It
has shown that it is possible to measure something as complex a city in relation to
sustainability. It has identified some key aspects where trade-offs can be identified,
and which can provide a basis for policies for the sustainability. But, in the end we
have to conclude that there are no simple answers or clear relationships between
urban form and the dimensions of the sustainable city. Instead we offer strong
pointers for policy makers on strategies to improve the sustainability of cities.



Appendix A
MCA Spatial Analysis

The aim of the spatial network analysis applied in this research is to:

• identity type of layout (e.g. gridded, tree-like etc.);
• numerically express the level of compactness and complexity of the layout.

The total length of streets in a neighbourhood along with node density and
sprawl can express the compactness of layout, for example, more accurately
mathematically speaking than a simple measure of the residential density of land
area. Multiple Centrality Analysis (MCA) provides an objective way of consistently
identifying elements such as streets and junctions as well as a set of scale variables
that distinguish the spatial and network characteristics of an urban layout.

Fundamental to MCA is the representation of spatial relationships in a city or
neighbourhoods as a primal graph and then the calculation of a centrality space
(point) by its location in the network (betweenness) or by its physical distance to
all other spaces in the network (closeness). Thus a space with high ‘betweenness’
value indicates a strategically central space that it is crucial to a large number of
short routes1 between two other spaces. While betweenness and closeness values
are useful in distinguishing relative centrality or compactness of individual spaces
within a neighbourhood, measures such as cost, efficiency, meshedness and fractal
(sprawl) dimensions and complexity distinguish the structural characteristics (size,
type, shape) of the spatial network of a whole neighbourhood or sub area.

Two indicators of the structural characteristics of the street layout of a
neighbourhood, taken from the range detailed in Table A.1, have been used in
the book. First, node density is calculated as the number of street intersections
per hectare. Second, a composite ‘complexity index’ is derived to systematically
identify types of layouts such as grid-like or tree like patterns (see Fig. A.1). The
relationship between the index and the layout typology was tested by a number of
schematic layouts before validating them with real cases from the study areas.

The complexity index is constructed in two steps based on assessments of the
‘efficiency’ of a spatial network that is determined by reference to the choices of
routes available. Choices of routes within a network can be calculated using two
MCA efficiency indicators: (‘network efficiency’ and ‘MST efficiency’: for details
see Cardillo et al., 20002). Network efficiency calculates the efficiency of the actual
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DOI 10.1007/978-1-4020-8647-2, C© Springer Science+Business Media B.V. 2010
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Table A.1 Indicators of urban layout

Measurement Description
Examples of aspects/features
measured

Indicators of spatial characteristics

Betweenness
Centrality
(individual space,
neighbourhood &
Sub-area)

Strategic spaces that are located on
the short routes between a pair of
spaces in the network

Spaces within the city and
neighbourhoods

Closeness Centrality
(individual space,
neighbourhood &
Sub-area)

The proximity of a space to all other
spaces using shortest path

All possible routes from A to B
Average distance of all paths
between A and B

Indicators of structural characteristics

Node density Number of street junctions per hectare Street junctions (e.g.
T-junctions, culs-de-sac)

Cost of network The total physical length of the spaces Size of network

Efficiency of
network
(Neighbourhood &
Sub-area)

The evenness of distribution and
connectedness of a network

The ratio of proximity of two
spaces compared with the
virtual distance (i.e. ‘as the
crow flies’ distance)

Note on Cost and
efficiency
(Neighbourhood &
Sub-area)

Efficiency and cost of network
indicates the layout’s compactness
MST (Minimum Spanning Tree)
used to compare above with most
efficient layout

Cost of network + node density
MST: spatial network is
reduced to a tree pattern by
removing choices of routes
before calculating the cost
and efficiency

Meshedness
(Neighbourhood &
Sub-area)

– Meshedness of whole network
calculates the complexity of a
network

Number of circular routes in the
network

Fractal dimension
(Neighbourhood &
Sub-area)

– The sprawl of a network measured
by taking into account both
physical area and the network

Measure a regular sized box to
cover the perimeter of the
network

Complexity index
(Neighbourhood &
Sub-area)

– Index can indicate the layout pattern
(i.e. more tree-like or grid-like)

Ratio of MST to Network cost

network, while MST (Minimum Spanning Tree) efficiency calculates the efficiency
of the network once all the possible choices of routes have been reduced to a
minimum. These two indicators are then combined to give the ‘complexity index’
which is the ratio of efficiency values calculated by the minimum spanning tree
(MST) to network method. A high value ratio (where there is a greater difference
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The more choices of routes, the more grid-like the pattern The fewer the choices of routes, the more tree-like (cul-de-
sac) the pattern

Fig. A.1 Urban layouts and the ‘cost’ and ‘efficiency’ of their networks

between the two values) indicates fewer choices of routes, and a more tree-like
pattern and a less efficient network. A low value ratio (where there is a lower
difference between the two values) indicates a higher number of routes, a more
grid-like pattern and a more efficient network. Fig. A.1 shows some schematic urban
layouts to illustrate this assessment.

Notes

1. For more information on MCA, see www.humanspacelab.com
2. Cardillo, A., Scellato, S., Latora, V. and Porta, S. (2006) Structural properties of planar graphs

of urban street patterns, Physical Review E, 73: 66–107



Appendix B
Overview of Case Study Neighbourhoods

The analysis presented is based on the statistics listed in Chapter 2, Table 2.6 and
Table B.1.

Inner Neighbourhoods

The highest densities are in the inner neighbourhoods of Edinburgh and Glasgow
where traditional tenements and flats are prevalent. Both of these neighbourhoods
have net densities above 225 dwellings/ha. A very high proportion of buildings in
these neighbourhoods are more than four storeys in height. Although a traditional
form of housing in Scotland, there are now few families living in these tenemented
neighbourhoods, which tend to be dominated by small households with one or two
adults. Aside from tenements, the inner case studies in the English cities are very
similar with lots of tall buildings, lots of flats and few families. The main exception
to this is Oxford, where only half of homes are flats and there is a significant
proportion of terraced housing. Patterns of tenure vary greatly between the inner
case study neighbourhoods. In both Leicester and Sheffield more than 70% of
homes are rented, with social housing making up more than 50% of housing stock.
Edinburgh and Glasgow’s inner neighbourhoods have more of a balance between
owner occupation and rented accommodation – with owner occupation accounting
for around 50% of housing stock and private renting for 25% of housing stock.
Oxford is also exceptional here with little social housing in the inner case study
neighbourhood and just over 30% privately rented.

As might be expected, residential buildings are only part of the building stock
in these inner neighbourhoods. In the neighbourhoods studied, around 15–20% of
the land in the neighbourhood is covered by non-residential buildings – although
the Edinburgh inner neighbourhood is notable for having a much smaller proportion
of land covered by non-residential buildings (6%). These buildings are mainly used
for retail, with office uses also occupying a significant proportion of non-residential
properties. The inner neighbourhood of Glasgow is the main exception to this rule,
with a far higher proportion of offices than retail uses. This is largely explained by
the location of the case study neighbourhood which coincides with the commercial
rather than retail centre of the city.
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Table B.1 Some Physical Characteristics of the Neighbourhoods

Urban Form

Edinburgh
Inner
(2958 ha)

Density Gross density 92.3
Net density 270.5

Land use 5% of buildings are mixed use
14% of the area is covered by residential buildings,

11% by residential gardens and 6% by
non-residential buildings.

24% is green space
Public transport Mainly buses/ 34% residents do not own a car
Layout Compact, with grid and cul-de-sac form
Building

characteristics
78% of buildings are between 4 and 6 storeys
13% have access to a private garden; 73% access

to a shared garden

Glasgow
Inner
(3694 ha)

Density Gross density 34.7
Net density 226.2

Land use 14% of the area covered by residential buildings; 1%
by residential gardens; and 21% by
non-residential buildings; 29% is green space

Public transport Buses and train station within case study area/ 37%
residents do not own a car

Layout Deformed compact grid
Building

characteristics
62% of buildings between 4 and 6 storeys, and 13%

more than 6 storeys
8% have access to a private garden; 28% access to a

shared garden.

Leicester
Inner
(3635 ha)

Density Gross density 15.7
Net density127.1

Land use 7% of area is covered by residential buildings, 4%
by residential gardens and 21% by non-residential
buildings; 27% is green space

Public transport Mainly buses/ 86% residents do not own a car
Layout Deformed wheel, radial
Building

characteristics
34% of buildings between 4 and 6 storeys, and 28%

more than 6 storeys
10% have access to a private garden; 25% access to

a shared garden.

Oxford
Inner
(3363 ha)

Density Gross density 30.6
Net density 83.7

Land use 10% of the area is covered by residential buildings,
10% by residential gardens and 15% by
non-residential buildings; 31% is green space

Public transport Mainly buses (with main bus station) and train
station close to case study/ 59% residents do not
own a car
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Table B.1 (continued)

Urban Form

Layout Crucifix form, with small blocks at the centre
Building

characteristics
35% of buildings are 2 storeys and 37% are 3 storeys
43% have access to a private garden; 25% access to a
shared garden.

Sheffield
Inner
(4027 ha)

Density Gross density 22.8
Net density 116.9

Land use 14% of buildings are mixed use, 6% of the area is
covered by residential buildings, 10% by residential
gardens and 9% by non-residential buildings; 38% is
green space

Public transport Buses and trams with train station outside 400 m buffer
zone/ 81% residents do not own a car

Layout Deformed compact grid
Building

characteristics
35% of buildings are 3 storeys 27% are more than 6

storeys
22% have access to a private garden; 20% access to a

shared garden.

Edinburgh
Between
(4107 ha)

Density Gross density 37.9
Net density 69.5

Land use 14% of the area is covered by residential buildings and
31% by residential gardens; 24% is green space

Public transport Mainly buses/ 26% residents do not own a car
Layout Predominantly gridded, not orthogonal
Building

characteristics
29% of buildings between 4 and 6 storeys
56% have access to a private garden; 45% access to a

shared garden.

Glasgow
Between
(9863 ha)

Density Gross density 33.1
Net density 68.4

Land use 14% of the area is covered by residential buildings and
40% by residential gardens
16% is green space

Public transport Buses and train station within case study area/ 15%
residents do not own a car

Layout Deformed grid with some compact grids
Building

characteristics
36% of buildings are 3 storeys and 47% are 4 to 6

storeys
31% have access to a private garden; 66% access to a

shared garden.

Leicester
Between
(2066 ha)

Density Gross density 48.2
Net density 79.9

Land use 22% of the land is covered by residential buildings and
37% by residential gardens
9% is green space
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Table B.1 (continued)

Urban Form

Public transport Mainly buses/ 37% residents do not own a car
Layout Deformed grid
Building

characteristics
79% of buildings are 2 storeys
71% have access to a private garden; 8% access to a

shared garden.

Oxford
Between
(4049 ha)

Density Gross density 39.9
Net density 80.8

Land use 14% of the area is covered by residential buildings and
33% by residential gardens
22% is green space

Public transport Relatively poor provision of bus routes due to
proximity to city centre. Train station is close to case
study/ 50% residents do not own a car

Layout Elongated deformed grid with compact grid within
Building

characteristics
47% of buildings are 2 storeys, 30% are 3 storeys
57% have access to a private garden; 25% access to a

shared garden.

Sheffield
Between
(4964 ha)

Density Gross density 37.5
Net density 59.1

Land use 16% of the area is covered by residential buildings and
47% by residential gardens

13% is green space
Public transport Mainly buses with tram stops close to case study/ 47%

residents do not own a car
Layout Deformed compact grid
Building

characteristics
79% of buildings are 2 storeys
75% have access to a private garden; 8% access to a

shared garden.

Edinburgh
Outer
(17227 ha)

Density Gross density 18.3
Net density 26.6

Land use 10% of the area is covered by residential buildings and
34% by residential gardens

38% is green space
Public transport Mainly buses/ 9% residents do not own a car
Layout Compact super grid
Building

characteristics
32% of buildings are single storey and 60% are 2 storey
88% have access to a private garden; 13% access to a

shared garden.

Glasgow
Outer
(6456 ha)

Density Gross density 8.2
Net density 46.3

Land use 2% of the area is covered by residential buildings and
8% by residential gardens

77% is green space
Public transport Mainly buses with train station outside case study area/

19% residents do not own a car
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Table B.1 (continued)

Urban Form

Layout Clustered dispersed culs-de-sac
Building

characteristics
84% of buildings are 2 storeys
86% have access to a private garden; 4% access to a

shared garden.

Leicester
Outer
(4998 ha)

Density Gross density 17.2
Net Density 24.5

Land use 9% of the area is covered by residential buildings and
54% by residential gardens

17% is green space
Public transport Mainly buses/ 19% residents do not own a car
Layout Very deformed grid with culs-de-sac
Building

characteristics
96% of buildings are 2 storeys
97% have access to a private garden; 1% access to a

shared garden.

Oxford
Outer
(4449 ha)

Density Gross density 30.8
Net density 62.8

Land use 11% of the area is covered by residential buildings; and
30% by residential gardens

27% is green space
Public transport Buses only/ 46% residents do not own a car
Layout Predominantly culs-de-sac
Building

characteristics
76% of buildings are 2 storeys
80% have access to a private garden; 12% access to a

shared garden.

Sheffield
Outer
(8660 ha)

Density Gross density 18.6
Net density 26.5

Land use 11% of the area is covered by residential buildings and
57% by residential gardens 13% is open space

Public transport Buses only/ 22% residents do not own a car
Layout Curvilinear with culs-de-sac
Building

characteristics
79% of buildings are 2 storeys
84% have access to a private garden; 11% access to a

shared garden.

Between Neighbourhoods

As a group the between case study neighbourhoods are characterised by their
diversity. Net residential density ranges from 60 to 80 dwellings/ha. Two and three
storey homes are common, although in both Glasgow and Edinburgh around one
third of homes are between 4 and 6 storeys (e.g. tenements), and the vast majority
of residents have access to a private or shared garden. Flats dominate the Glasgow
between neighbourhood making up 80% of housing stock, while terraced houses
dominate in Sheffield. The other between neighbourhoods have a more mixed
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housing stock, and tend to include a variety of terraced, detached and semi-detached
houses as well as flats. Tenure mix is also variable, ranging from almost no social
renting in the Leicester case study neighbourhood (lowest) to around one-quarter
in the Edinburgh case study neighbourhood (highest). As might be expected, the
variety in housing type and tenure is reflected in the resident population. Retired
and family households both feature here, although they usually account for no more
than half of households.

Non-residential land uses also vary considerably amongst this group. While
retail is the most important non-residential land use in all of the 5 between
neighbourhoods, both Glasgow and Oxford are distinguished by a significant
proportion of office buildings. Generally between neighbourhoods are also included
some industrial buildings, which are not so plentiful in either inner or outer case
study neighbourhoods.

Outer Neighbourhoods

The outer case study neighbourhoods fall into two groups: Sheffield, Leicester
and Edinburgh typically have net densities around 25 or 26 dph. Glasgow and
Oxford on the other hand have much higher residential densities of 46 and 63 dph
respectively. In the lower density suburbs, the housing stock is almost exclusively
2 storeys in height, with some single storey housing (bungalows) in the Edinburgh
neighbourhood. Residential gardens account for a significant proportion of land
cover in these neighbourhoods. This is particularly true in the outer neighbourhoods
of the English cities studied. Here, around 50% of land is taken up by residential
gardens in addition to open green space. The outer case study neighbourhoods are
also notable for the small proportion of rented accommodation – although Oxford
is also exceptional here, with 40% of homes owned by social landlords and 10% in
shared ownership.

Non-residential buildings in the outer case study neighbourhoods are more
varied in their character than in the inner and between neighbourhoods. No clear
pattern is evident here. Retail uses dominate in the Edinburgh and Sheffield outer
neighbourhoods, while warehouses are dominant in Leicester and industrial uses in
Glasgow and Oxford.
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