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Wealthy and politically stable medium-
sized, low-density cities like Perth in 
Western Australia consistently rank 
highly in global city liveability surveys.1 
Apart from the benefits afforded by 
their security and prosperity these 
types of metropolitan areas tend to 
perform well against functional criteria 
such as accessibility of services and 
quality of infrastructure. This is despite 
the challenges of providing extensive 
networks to service a diffuse pattern of 
urban settlement. These cities, in terms 
of averaged measures of liveability, 
appear to be operating close to an op-
timal state balancing residential amenity 
with effective infrastructure and service 
provision.

Perth is predicted to experience sub-
stantial population growth well into the 
future. If current and historical trends 
continue, this will mean a continued 
expansion of a sprawling suburban 
development pattern across the metro-
politan fringe. This would mean a shift 
away from its advantageous combina-
tion of metropolitan scale and form and 
a transition into a large-sized, low-den-
sity city. There is emerging evidence 
to suggest that if this is the case, it will 
struggle to sustain the qualities of living 
that it has been used to, as infrastruc-

1 Definitions of liveability from global surveys vary widely 
with some assessments prioritising economic factors and 
others concentrating on lifestyle. The broadest definition 
would simply describe the degree to which a place sup-
ports different aspects and functions of life such as safety, 
employment, health, convenience and social and aesthetic 
needs. 

ture becomes strained and reliance 
on the automobile makes travel more 
difficult and expensive.2 

To counteract this loss of ‘performance’ 
there is much support at a strategic 
level in Perth for a more compact city 
form where a larger proportion of new 
development is concentrated within 
existing urban areas.3 This type of de-
velopment is referred to as ‘urban infill’ 
or ‘urban intensification’. Whilst this 
may make sense at the metropolitan 
scale the challenge for planners and 
urban designers is to consider what 
forms of urban infill will be appropriate 
in achieving this city-wide model. The 
compact city demands an alternative, 
more intense pattern of urban develop-
ment. Perth is therefore at something 
of a crossroads in terms of defining 
its future form and character. Applied 
research is needed to develop the new 
products and practices required to 
achieve this different city form.

At the general level there are three 
ways in which urban infill can be 
achieved in a widespread fashion – 
Node, Corridor and Area (see over). 

2 DODSON, J. & SIPE, N. May 2008. Shocking the Sub-
urbs: Urban Location, Homeownership and Oil Vulnerability 
in the Australian City. Housing Studies, 23, pp.377–401.
3 WESTERN AUSTRALIAN PLANNING COMMISSION 
2010. Directions 2031 and beyond. Perth: Western Austral-
ian Planning Commission.

Sprawl and the City

How can an understanding of the 
qualities of different residential 
environments be used to assess and 
improve urban infill in sprawling cities?

    | 76 | Sprawl and the City



© AUDRC Australian Urban Design Research Centre 2016

Node

Node infill is characterised by the 
agglomeration of mixed use urban ac-
tivity around a central facility or group 
of facilities, such as a train station or 
shopping area, and/or entertainment 
uses. Typically the residential typolo-
gies are high-density, medium- to 
high-rise apartment complexes.

Corridor

Corridor infill development consists 
of primarily medium- to high-density 
residential apartments distributed 
along a carriageway with road based 
public transport such as buses or light 
rail. The rear of the development often 
abuts an existing suburban area.

Area

Area infill is characterised by low- to 
medium-rise residential development 
occurring in a piecemeal fashion on 
existing suburban lots which are typi-
cally subdivided into smaller landhold-
ings. Building typologies are usually 
standalone or grouped dwellings but 
may also consist of apartments.
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The question often debated is which 
of these types of infill is the most ap-
propriate – and further what are the 
challenges in making these residential 
environments broadly attractive and 
an enduring model for urban devel-
opment? In order to answer these 
questions it is necessary to understand 
the relative qualities of living in differ-
ent residential environments in these 
types of cities so that expectations are 
understood and the shortcomings of 
proposed models can be identified. In 
turn this would allow these to be ad-
dressed and the best case put forward. 

There are many different ways in which 
the qualities of living in a particular 
place or what we may term a ‘resi-
dential environment’ can be assessed. 
Broadly these are either from the view-
point of the expert or from experience. 
Whilst inhabitants provide valuable 
information based on lived experience, 
professionals are able to study more 
complex factors which require special-
ised knowledge. For example, health 
professionals are able to determine the 
likelihood of poor health outcomes from 
certain living arrangements and archi-
tects are able to communicate quali-
ties of space and light. Therefore to be 
robust, any framework for measuring 
quality must allow both professional 
judgement and lay opinion.

The structure of the assessment 
framework developed in this document 
works down from an urban metabolism 
framework and up from the study of 
a number of conceptual and analyti-
cal approaches to residential environ-
ment quality. The metabolic framework 
provides an overarching categorisation 
of urban functions and ensures that the 
diverse elements of the urban system 
are represented. In order to focus on 
the residential environment the func-
tional categories of the urban system 
have been translated into elements 
which are specifically related to the 
everyday act of dwelling. The resulting 
elements represent the key functional 
domains of the residential environment 
nested within the broader urban meta-
bolic framework.4 

Metabolic Dwelling
Protection Amenity
Security  Quality of Life
Transmission Resource Intensity
Community Social
Productivity Household Economy

The elements of the functional frame-
work for dwelling are populated with 
criteria which are derived from a range 
of conceptual and analytical frame-
works related to residential environment 
quality. These draw on both expert and 
layperson viewpoints. A performance 

4 BAUMEISTER, J. & OTTMANN, D. 2015. Urban Ecolu-
tion. Perth WA: University of Western Australia Press.

objective is described against each 
criteria and a method of measurement 
formulated. The following studies pro-
vided useful guidelines for developing 
the assessment criteria and objectives 
utilised in this study:

 ▶ The Grattan Institute study ‘What 
Matters Most? Housing Preferences 
Across the Australian Population’5 
examines the relative value that people 
place on different criteria describing the 
qualities of residential environments. In 
Perth a similar study was undertaken in 
2013 – ‘The Housing We’d Choose’.6 
The criteria and their organisation were 
slightly different but similar enough to 
enable a comparison of results. The 
comparative analysis used in this study 
sought to establish criteria that were 
clearly confirmed as important for 
the majority of households from both 
surveys. 

 ▶ The World Health Organisation Qual-
ity of Life questionnaire (WHOQoL-100 
Australian Version7) gives useful insights 
into key spatial factors which are as-
sociated with health outcomes. For 
example, several questions relate to 
respondents’ perceptions regarding the 

5 WEIDMANN, B. & KELLY, J. F. 2011. What Matters 
Most? Housing Preferences Across the Australian popula-
tion. Melbourne: Grattan Institute.
6 DEPARTMENT OF HOUSING WA & DEPARTMENT OF 
PLANNING WA 2013. The Housing We’d Choose: A study 
for Perth & Peel. Perth WA: Strategic Coordination Unit.
7 WORLD HEALTH ORGANISATION QOL GROUP 1998. 
WHOQOL-BREF Australian Version. Geneva: World Health 
Organisation.

physical aspects of their residential en-
vironment such as pollution and noise 
as well as transport accessibility and 
availability of key services.

 ▶ There is much research in the field 
of environmental psychology into 
residents’ perceptions of the quality 
of their built environments – what is 
termed ‘neighbourhood satisfaction’ 
or ‘perceptions of residential environ-
ment quality (PREQ).8 This field of work 
attempts to build assessment models 
based on a whole range of indicators 
which have been established through 
analysis and interviewing residents. 
Results are often comprehensive 
though technically complex. Many 

8 AMÉRIGO, M. & ARAGONÉS, J. I. 1997. A Theoretical 
and Methodological Approach to the Study of Residential 
Satisfaction. Journal of Environmental Psychology, 17, pp. 
47–57;
SIRGY, M. J. & CORNWELL, T. 2002. How neighborhood 
features affect quality of life. Social Indicators Research, 
59, pp. 79-114; 
BONAIUTO, M., FORNARA, F. & BONNES, M. 2003. 
Indexes of perceived residential environment quality and 
neighbourhood attachment in urban environments: a con-
firmation study on the city of Rome. Landscape and Urban 
Planning, 65, pp. 41–52;
MARANS, R. W. 2003. Understanding environmental 
quality through quality of life studies: the 2001 DAS and its 
use of subjective and objective indicators. Landscape and 
Urban Planning, 65, pp. 73–83;
VAN KAMP, I., LEIDELMEIJER, K., MARSMAN, G. & DE 
HOLLANDER, A. 2003. Urban environmental quality and 
human well-being: Towards a conceptual framework and 
demarcation of concepts; a literature study. Landscape and 
Urban Planning, 65, pp. 5–18;
BRAUBACH, M. 2007. Residential conditions and their 
impact on residential environment satisfaction and health: 
results of the WHO large analysis and review of European 
housing and health status (LARES) study. International 
Journal of Environment and Pollution, 30, pp. 384–403;
LOVEJOY, K., HANDY, S. & MOKHTARIAN, P. 2010. 
Neighborhood satisfaction in suburban versus traditional 
environments: An evaluation of contributing characteristics 
in eight California neighborhoods. Landscape and Urban 
Planning, 97, pp. 37–48; 
BUYS, L. & MILLER, E. 2012. Residential satisfaction in 
inner urban higher-density Brisbane, Australia: Role of 
dwelling design, neighbourhood and neighbours. Journal of 
Environmental Planning and Management, 55, pp. 319–38.
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of the indices utilised are not directly 
related to spatial design decisions, 
such as residents’ upkeep of proper-
ties, and are difficult to quantify. If these 
are excluded, however, a useful set 
of indicators for measurement of the 
qualitative aspects of the residential 
environment can be developed from 
this literature. This field tends to confirm 
the importance of security, unpolluted 
areas, green space and connectivity to 
important services.

 ▶ The development of indicators 
to measure the performance of 
residential environments in terms of 
resource intensity was guided by 
relevant categories of measurement 
frameworks offered by the US Green 
Building Council’s Leadership in Energy 
and Environmental Design (LEED) for 
Neighbourhood Development.9 This 
document and others such as ’Liveable 
Neighbourhoods’10 are also useful when 
looking at the measurement of amenity 
aspects of the residential environment. 
They attempt a quantitative assessment 
of particular qualities of places, and 
whilst the frameworks are not applied 
meticulously in this study they provide 
useful guidelines relating to which crite-
ria are important to measure at various 
scales. 

9 US GREEN BUILDING COUNCIL 2009. LEED 2006 for 
Neighbourhood Development. Washington DC: The US 
Green Building Council.
10 WESTERN AUSTRALIAN PLANNING COMMISSION 
2004. Liveable Neighbourhoods. Perth WA: Government of 
Western Australia.

 ▶ EnviroDevelopment™11 is an assess-
ment scheme for new urban develop-
ments developed and adopted by the 
Urban Development Institute of Aus-
tralia (UDIA) and is aimed at document-
ing outstanding performance against 
six key project elements. Residential 
environment quality for higher density 
developments such as urban infill ad-
dresses such criteria as reduction in ur-
ban heat island, incorporation of green 
roofs and walls, collective gardens, 
noise control, provision of communal 
facilities and an engaging and inclusive 
public realm. 

 ▶ The UK Design Council’s ‘Building 
for Life standard’12 is the UK industry 
standard for new housing develop-
ments. It provides a number of rec-
ommendations with regard to design 
quality. It covers neighbourhood scale 
items such as access to facilities and 
public transport as well as promoting 
the sharing of streets, well designed 
public spaces and the availability of 
private space.  

 ▶ The NSW State Environmental Plan-
ning Policy No.65 (2002) is perhaps the 
most comprehensive quality guideline 
for residential development in Australia. 
Its focus is primarily on design, that is 

11 URBAN DEVELOPMENT INSTITUTE OF AUSTRALIA 
2011. EnviroDevelopment National technical Standards 
Version 2. Canberra ACT: UDIA.
12 COMMISSION FOR ARCHITECTURE AND THE BUILT 
ENVIRONMENT (CABE) 2008. Delivering great places to 
live. London UK: CABE.

aspects of amenity or quality which can 
be shaped through spatial design. The 
design guidelines13 were compiled by a 
large number of architects and design-
ers working together over a substantial 
time period. It represents a comprehen-
sive account of criteria which contrib-
utes to the quality of higher-density 
residential environments from the per-
spective of design professionals. 

These documents represent the key 
inputs into the development of the as-
sessment framework (criteria, objec-
tives and indicators) contained within 
this book. There are thirty nine criteria 
with associated objectives and meas-
urement indicators organised under 
the five functional elements – Amen-
ity, Quality of Life, Resource Intensity, 
Social and Household Economics.

How can we make sense of what is 
a good performance – and be able to 
use this to inform an assessment of the 
different infill contexts under consid-
eration? Firstly, we need to compare 
different residential environments to 
benchmark the range of possible 
scores. Ideally this would take place 
using a multitude of sample sites but 
that analytical burden is too great. Can 
we, however, choose two residential 
environments that are likely to give us 

13 NEW SOUTH WALES PLANNING DEPT. 2002. Resi-
dential Flat Design Code. Sydney NSW: NSW Planning 
Department.

an appreciation of the range of values 
as well as help inform decisions about 
urban infill?

To answer this consider that in sprawl-
ing cities urban infill is characterised as 
being somewhere in-between the offer 
of the ‘horizontal’ individual dwelling 
pattern in a suburb on the metropolitan 
fringe (Sprawl) and the ‘vertical’ living 
arrangement of an apartment complex 
within the CBD (City). The proposi-
tion is that this ‘middle ground’ of infill 
could potentially take advantage of the 
different qualities presented by both of 
these locations and provide a broadly 
attractive and enduring pattern of infill. 
The benchmarking therefore could 
select these two opposing residen-
tial environments to understand the 
distinctive qualities of each. With these 
two extremes of quality defined and 
understood it should be theoretically 
possible to understand the  position of 
other kinds of residential environments 
on this quality spectrum. Therefore a 
preliminary assessment of the perfor-
mance of other in-between scenarios 
such as different kinds of urban infill is 
enabled.

The measurement of each criteria 
contained within this book follows 
this method, describing the range of 
quality – to understand which, if any, 
urban context (the Sprawl or the City) 
shows a clear advantage in relation to 

    | 1312 | Sprawl and the City
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the objective. Given this understanding 
a preliminary assessment is then made 
about the performance of the different 
infill contexts on offer – the Node, Cor-
ridor and Area. 

This reveals two things. Firstly, the rela-
tive overall performance of each infill 
context with respect to the good and 
bad of the selected living environments. 
Secondly, through the identification of 
performance deficiencies against indi-
vidual criteria, the scope of effort and 
investment required to improve each 
situation.

Finally, the method strives to recom-
mend a way forward, to identify a 
preferred approach for urban infill 
based on an assessment of residen-
tial environment quality. The work is 
able to determine the pattern of urban 
development which offers the greatest 
quality and therefore has the greatest 
potential to provide a broadly attractive 
and enduring residential environment. 
In addition, the shortcomings of this 
pattern are scrutinised and recommen-
dations/tactics made for its improve-
ment – to make the best better and 
truly formulate the ‘best of both worlds’ 
which may hold the key to living in the 
future (un)sprawling city.

    | 1514 | Sprawl and the City
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The following pages illustrate the 
sampling sites from the sprawling city 
of Perth used to benchmark the 
measurement framework.

/ Sampling Sites
The purpose of this research is to try 
and understand the qualities of living 
in Perth and to use this information to 
inform priorities regarding the planning 
and design of urban infill to achieve 
attractive and enduring residential 
environments. 

To this end, as the first step, the work 
proposes to benchmark the measure-
ment framework by sampling two very 
different residential environments – 
the typical single dwelling in a mod-
ern suburb on the urban fringe (the 
Sprawl) and a typical apartment in the 
city centre (the City). 

A standalone dwelling in the suburb 
of Butler is selected. This is a typical 
new suburb on the urban periphery of 
Perth in the northwest coastal corridor 
which has been designed using the 
New Urbanist principles of the ‘Live-
able Neighbourhoods’ operational 
planning policy. 

The apartment selected is in East 
Perth, in close proximity to Perth 
CBD. This dwelling is located in a 
typical contemporary development 
in an area which supports the larg-
est number of high-rise, high-density 
residential buildings in the inner urban 
area of Perth.

These two extremes illustrate a range 
of performance in terms of their resi-
dential environments. One draws on 
the aspects of the ‘suburban dream’ 
and the other the convenience and 
diversity of inner-city living. The two  
vastly different contexts have been 
chosen to give the best indication 
of what constitutes good or accept-
able performance against the quality 
criteria.
 
In order to make meaningful compari-
sons between sites there needs to 
be some guidelines to ensure we are 
comparing ‘apples with apples’. 

Of course the units need to be 
identical but also there needs to be a 
common understanding of the scale 
of the denominator. For example, is 
the measurement an average across 
the suburb or does it relate to just the 
dwelling. 

In order to enable the measurement 
and provide a consistent framework, 
which can then be used in the subse-
quent analysis, a number of different 
measurement scales were developed. 
The following pages illustrate the 
measurement scales using the two 
initial sample sites – the Sprawl and 
the City.

/ Sampling Sites     | 1716 | Sprawl and the City
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Sampling Sites

The two suburbs which contain the specific 

sampling sites, Butler and East Perth are 

shown in red in relation to the metropolitan 

area of Perth.

City

Sprawl

Region

0

20km
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Sprawl

The sprawl sample site is located in 
one of the outer metropolitan planning 
sub-regions. This is a large ‘finger’ of 
suburban lands which has extended 
along the northern coast of the city. 
This region has the highest stocks of 
undeveloped land zoned for (sub)ur-
ban expansion (greenfield) as well as 
the highest rate of land consumption 
for subdivision over the last ten years 
(WAPC 2014, p. 62). It is the most 
sprawling part of the city.

City

The city sample site is located in 
Perth city centre which belongs to 
the central planning sub-region. This 
territory contains some of the oldest 
urban settlement patterns in Perth 
and is chiefly defined by urban expan-
sion up until 1980. Most urban infill 
has occurred in this region through 
rezoning of suburban lands, brown-
field development and the construc-
tion of apartments in urban centres. 
The city centre location contains the 
most dense residential environments 
in the city.

Sub-region
/ Sampling Sites     | 2120 | Sprawl and the City
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// Base Data

Site Area (m2)

Dwellings (No.)

Occupancy (pers/hhold)

Vehicles (veh/hhold)

Density (net,dw/ha)

Site Cover (%)

Communal Area (m2)

Median House Price ($)

Floor area (m2/dw)

Bedrooms (No./dw)

Full-time workers (No./hhold)

Commute (km)

Driving Age (%)

Building Height (Lv)

Public Transport (% work trips)

Active Transport (% work trips)

Family Size (child/fam)

577

1

2.8

1.8

17

66

0

435k

223

3.6

1.5

14.4

65

1

14

4

1.9

2991

111

1.6

1.0

371

48

1017

588k

76

2.0

1.3

2.7

90

9

27

30

1.3

SprawlMeasured Qualities City

// Base Data

The base data is used to describe 
the quantitative characteristics of each  
of the sample sites and is used in 
subsequent calculations.
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/// Criteria,  
Objectives and 
Measurement

The quality criteria, their objectives, 
the indicators used to gauge 
performance against them and their 
comparative measurements are 
developed and then used to inform 
a preliminary assessment of the 
different infill contexts. 

/// Criteria, Objectives and Measurement

The criteria and their performance 
objectives have been selected based 
on the review of the key conceptual 
frameworks for describing aspects of 
residential environment quality. These 
are organised according to the key res-
idential environment elements derived 
from the functional categories of the 
urban metabolism framework.

The criteria are not functionally inde-
pendent. They operate in a complex 
urban system and have dependencies 
and interact with one another. The key  
relationships between the criteria are 
indicated by the ‘see also’ links at the 
base of each page.

The criteria and their objectives are 
then translated into indicators – per-
formance metrics which describe the 
fundamental aspects of living. The 
methods of measurement used to 
quantify each indicator are contained in 
Appendix A.

Amenity criteria and their objectives 
concern those aspects which would 
be described as pleasing, useful or de-
sirable. There are nine Amenity criteria. 

Quality of Life criteria and their objec-
tives concern those aspects which 
relate to health and mental and physi-
cal wellbeing. There are seven Quality 
of Life criteria. 

Resource Intensity criteria and their 
objectives concern rates of consump-
tion as well as the ability to offset 
or counteract these. There are ten 
Resource Intensity criteria. 

Social criteria and their objectives 
concern individual, family and collec-
tive aspects of dwelling as they relate 
to human interaction. There are seven 
Social criteria. 

Household Economics criteria and 
their objectives relate to the financial 
factors which impact on the purchase 
and operation of a household. There 
are six Household Economics criteria.

Each of the indicators are measured 
for the two different sample sites (the 
Sprawl and the City) to understand 
what contributes to and is meant by 
residential environment quality in the 
context of Perth.

This understanding is then used to 
conduct a preliminary assessment 
of the performance of different infill 
contexts (pp. 8–9), located in a similar 
geographical context (the Perth central 
sub-region), in relation to each of these 
qualitative aspects. 
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Amenity
A1 Naturalist

A2 Openness

A3 Noisescape

A4 Privacy

A5 Parklife

A6 Pleasure Garden

A7 Stargazer

A8 Walkability

A9 Freedom Machine

/// Criteria, Objectives and Measurement

List of criteria

    | 3332 | Sprawl and the City
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Nodes are often dominated 

by parking and roadways

Corridors generally front 

high capacity roadways

Still urban but nature and 

parkland opportunities 

distributed throughout area

A1 Naturalist

The suburban context is replete with natural territories whilst in the city it is 
clearly sparser and more difficult to find. 

Access to nature is pleasing and ben-
eficial to humans, particularly those 
living in urbanised areas. But how 
much of the land surface is actually 
close to a more natural state? The 
sub-region gives an average represen-
tation of land use assignment in the 
sample urban context. 

This indicator measures the pro-
portion of land area devoted to 
parks, recreation and state forest 
in each sub-region.

% land area % land area

48 12
CitySprawl

See also

A6 A8 Q5 R4 R5 R8

Node Corridor Area

Infill

/// Criteria, Objectives and Measurement     | 3534 | Sprawl and the City
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Concentration of traffic 

density and mixed use 

Typically adjacent to high 

traffic volumes and speeds

Dispersed receivers gener-

ally away from major noise 

sources

A3 Noisescape

The night-time noise level in the suburb where traffic dissipates and residential 
uses are predominant is perceived as half that of the city. This allows relaxed 
outdoor conversation and buildings can be naturally ventilated. 

Noise levels are consistently cited as 
an important factor by residents when 
considering the overall quality of their 
residential environment. Conventional 
housing designs do not typically deal 
with environmental noise in an effec-
tive manner. 

Background night-time noise 
levels were calculated using a 
method of Assigned Noise Levels 
taking into account land use and 
transport.

dB(A)L10, night dB(A)L10, night

34 44

Node Corridor Area

CitySprawl

Infill

See also

A4 A6 Q5

/// Criteria, Objectives and Measurement     | 3938 | Sprawl and the City
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A5 Parklife

It would seem that the city fabric, planning frameworks and policies do a good 
job in providing a quantity of parks for residents, no matter where they live. 

Parks are a tried and tested amenity 
of an urbanised area. Public parks in 
urban areas were formalised in the 
nineteenth century to provide op-
portunities for health and wellbeing in 
the face of accelerated urbanisation. 
Today their value to people is widely 
recognised and they are legislated 
through urban planning policy. 

This indicator measures the num-
ber of formal parks available to 
each resident within a walkable 
catchment.

No. No.

5 6

Node Corridor Area

CitySprawl

Infill

See also

A1 A6 R8 S7

/// Criteria, Objectives and Measurement     | 4342 | Sprawl and the City
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Highly urbanised concen-

tration of hardscapes

Concentration of popula-

tion and limited communal 

area

Dispersed settlement with 

ground plane connection

A6 Pleasure Garden

The suburban life has more than enough room to get your hands in the earth 
owing to the large areas of private open space.

Gardening is recognised as an activity 
and pastime which is not only pleas-
ant but one with substantial health 
and wellbeing benefits as well as sup-
porting community development and 
fostering personal skills. 

This indicator measures the 
amount of private and communal 
ground floor open space available 
for gardening per person.

m2/pers m2/pers

107 12

Node Corridor Area

CitySprawl

Infill

See also

A1 R4 R5 S3

/// Criteria, Objectives and Measurement     | 4544 | Sprawl and the City
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Q5 Air Quality

Air quality is substantially better in the suburbs typically located away from arte-
rial roads and congested areas. 

Improving the air quality of residential 
environs was one of the initial reasons 
for the development of suburbs. It is 
also a consistent aspect of people’s 
residential preferences and is linked 
to various health outcomes. Ironically 
the desire to live in clean, uncrowded 
and unpolluted areas has meant 
a dramatic increase in the use of 
combustion-powered motor vehicles 
whose emissions are concentrated in 
areas of traffic density. 

This indicator uses DEC monitor-
ing sites to estimate the percent-
age of allowable NO2 concentra-
tion averaged over a one-year 
period.

 allowable NO2  allowable NO2

12% 59%

Node Corridor Area

Concentration of traf-

fic typically in congested 

conditions

Dwellings located in close 

proximity to large traffic 

volumes

Urban context but typically 

located away from sources 

with interception possible

CitySprawl

Infill

See also

A1 A3 A6 R2 R4 R8

/// Criteria, Objectives and Measurement     | 6362 | Sprawl and the City
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R1 Embodied Energy

The ‘cottage’ technique of building, which doesn’t require complex engineering 
or excavation, is significantly less energy intensive than high-rise techniques.

Embodied energy refers to the equiva-
lent amount of energy required to pro-
duce and deliver the building materials 
required and have them assembled 
to deliver a particular product. In this 
instance it refers to the dwelling, con-
sisting of just the building. 

This indicator converts the 
amount of energy required per m2 
of Usable Floor Area (UFA) into 
the equivalent weight of coal that 
would be required to be combust-
ed to yield this.

kg coal combusted (equiv)/m2 UFA kg coal combusted (equiv)/m2 UFA

298 760

Node Corridor Area

High-density commercial 

construction

Medium- to high-density 

commercial construction

Low-scaled cottage 

construction available

CitySprawl

Infill

See also

R4 E4
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R4 Carbon Storage

The suburban lot has a relatively large area of open space per resident that 
could potentially accommodate tree planting.

Trees are able to sequester carbon 
dioxide from the atmosphere and 
therefore potentially offset one of the 
significant emissions which contrib-
ute to global warming and climate 
change. 

This indicator measures the 
amount of annual carbon emis-
sions from daily household elec-
tricity use able to be sequestered 
from intensive tree planting in 
private open space and the verge.

CO2-e emissions/hhold CO2-e emissions/hhold

7% <1%

Node Corridor Area

High-density infill with 

limited open space per 

resident

Medium- to high-density 

infill with limited open 

space per resident

Dispersed, horizontal 

pattern with relatively high 

open space per resident

CitySprawl

Infill

See also

A6 Q5 R1 R2 R7 E1
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R7 Asphalt Index

The concentrated dwelling of the city clearly requires less road surfacing per 
person to support it.

The area of asphalt (and other types 
of bituminous road surfacing) at the 
neighbourhood scale that is required 
to sustain habitation is an indicator 
of the amount of local infrastructure 
(e.g. drainage pits, pipes and wires, 
road building materials, etc.) required 
to sustain a pattern of dwelling. It 
also reveals the amount of hardscape 
which gives a first order indication of 
possible local heat absorption and 
urban heat island impacts. 

This indicator measures the 
amount of road surfacing required 
per person. 

m2/pers m2/pers

81 7

Node Corridor Area

High-density concentrated 

infill makes efficient use of 

resources

Medium- to high-density 

linear infill moderately ef-

ficient

Distributed pattern still re-

quires investment in streets

CitySprawl

Infill

See also

R4 R8 E5
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 ▶ prioritise investment in regional cycling networks  

through suburbs M

 ▶ prioritise building scale infrastructure solutions  

(solar, battery, water recycling) S

 ▶ reduce peak demand on infrastructure  

(workplace decentralisation, flexible work  

support, energy and water storage) L

 ▶ investigate on-site infrastructure opportunities to  

limit reliance on centralised networks S

 ▶ investment in alternative travel modes to offset  

reliance on large areas of road surfacing L

 ▶ encourage deep planting zones and raingardens 

as part of development S

 ▶ more intensive planting of public spaces such  

as streets M

 ▶ local urban forest and biodiversity network  

strategies M

////// Improving 
Area Infill

R6 Infrastructure

R7 Asphalt Index

R8 Habitat Loss

////// Improving Area Infill

This section puts forward urban 
planning and design tactics to 
overcome poor and average results 
of the best performing infill context to 
demonstrate the way to achieve high 
quality urban infill and meet the study 
objectives.

Note: scales of operation/responsibilityindicated 

as follows (see also Appendix B)

S – dwelling, lot, urban module (development)

M – neighbourhood, suburb (communities)

L – sub-region, region (government)
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Appendix A: 
Methods of 
Measurement

This appendix provides technical 
information and references with respect 
to the methods of measurement for 
the indicators.

Appendix A: Methods of Measurement

References
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Base Data
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[http://heasarc.gsfc.nasa.gov/
W3Browse/star-catalog/bsc5p.html].

[https://www.walkscore.com/]
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Method of Measurement

The proportion of land area devoted 
to parks, recreation and state forest 
in each planning sub-region.

The amount of built fl oor area (GFA) 
divided by the open space area of 
each urban module.

Assigned noise levels calculation 
method taking into account land use 
and transport infl uences.

The population density of the private 
site area.

The number of parks available to 
each resident within a walkable 
catchment (neighbourhood).

The amount of private and commu-
nal ground fl oor open space avail-
able for gardening per person.

The limiting magnitude of star bright-
ness for viewing by the naked eye 
(Naked Eye Limiting Magnitude: 
NELM) correlated with the star 
brightness listing for the Southern 
Hemisphere.

Walkscore™

The number of free parking places in 
the urban module either uncovered, 
covered or enclosed divided by the 
average number of persons of driv-
ing age.

Indicator

A1 Naturalist 

A2 Openness

A3 Noisescape

A4 Privacy

A5 Parklife

A6 Pleasure 
Garden

A7 Stargazer

A8 Walkability

A9 Freedom 
Machine

Amenity
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