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Background and Purpose

Abstract

The introduction of the “Liveable Neighbourhoods Design Guidelines” (LNG) as a state planning
policy in Perth (Western Australia) provided a unique opportunity for such a natural experiment.

The policy’s community design, movement network, lot layout and public parkland elements aimed
to provide an alternative approach to the design of suburbs to create compact, sustainable and

pedestrian-friendly neighbourhoods and encourage more walking, cycling and public transport use

(Western Australian Planning Commission, 2000).

In 2003, the RESIDential Environments Project (RESIDE) commenced to assess the impact of the

policy on the behaviours of residents moving into new developments across Perth. In order to

judge the impact(s) of the LNG against its intended walking outcomes, it was essential to determine
the degree of compliance with the policy. This study conducted a process evaluation to quantify the
levels of implementation of the LNG requirements within the selected housing developments. An

outcome evaluation was also undertaken with the aim of examining the associations between the

implementation of the LNG and the walking behaviours of the RESIDE participants resident in these
developments.

Methods

Measures were developed and computed in GIS for all measurable LNG requirements (n=43). Each
requirement was ‘scored’ according to its measured level of implementation against LNG standards

and specifications. Scores were computed for each of the four elements as well an as overall/total
score.

Compliance was defined as the degree to which the construction of the housing

developments adhered to the standards outlined in the LNG. This was quantified through the
computation of the implementation scores as a percentage of the total (maximum) policy scores

attainable. Implementation and compliance was compared by development type. Generalised
estimating equation regression models assessed associations between policy compliance and
different walking outcomes (measured using NPAQ [11] and controlling for demographics, self-

selection, stage and scale of development). Policy requirements with univariate associations p≤0.1
were entered into a backwards stepwise elimination model to identify requirements accounting for
the most variance in walking.

Interaction analyses were performed on a selection of LNG

requirements. All of the measured LNG requirements were also entered into a cluster analysis to
identify development types of homogenous LNG implemented requirements.

Generalised

i

estimating equation regression models assessed for associations between the cluster-derived

development types and different walking outcomes.

Results

This process evaluation revealed a lack of full on-ground implementation of the LNG. Overall policy
compliance of LNs (47.2%) and CNs (45.2%) was not significantly different (p=0.390). Less than
50% policy implementation was achieved by LNs and CN’s across the CD (29.3% vs. 25.1%), MN

(48.1% vs. 46.8%) and PP (45.7% vs. 45.2%) elements. LN’s significantly outperformed CN’s for the
LL element only (57.9% vs. 44.3%, p=0.023). These results indicated a lack of full on-ground

implementation of the LNG. Nevertheless, the outcome evaluation revealed that implementation of
the four LNG elements increased the likelihood of non-work related walking for transport within

the neighbourhood. Despite low levels of implementation, 10% increments of policy compliance of
the CD, MN and LL elements was associated with significantly increased odds of doing any walking

for transport (WT) within the neighbourhood (OR 1.3 95%CI=1.1-1.4; OR 2.9 95%CI=1.6-5.1; OR

1.3 95%CI=1.1-1.5, respectively). Moreover, participants were 1.6 times more likely to do any WT

within the neighbourhood with every 10% increase in overall policy compliance (OR 1.6
95%CI=1.2-2.1). The odds of doing any neighbourhood walking for recreation (WR) were

significantly increased with every 10% increase in compliance of the MN (OR 1.7 95%CI=1.0-2.8).
Implementation of the CD and MN elements also increased the odds of doing =60mins of any WT

within the neighbourhood (OR 1.2 95%CI-1.0-1.3; OR 2.1 95%CI=0.9-1.5, respectively), although
the MN did not reach statistical significance.

A number of policy requirements accounting for the most variance in the outcome variables were

identified across the four elements. These included having main street, rather than a big-box (car

dominated) configured town centres, increased diversity of destinations within centres, improved
external accessibility from the development, the length of footpaths, the number of trees along
footpaths, higher net-residential dwelling densities, the number of parks and access to regionalsized (>4.0ha) parks.

Conclusions

This study represents a unique attempt to measure the implementation of a planning policy using

policy-specific measures and to study its impact on the walking behaviours if residents in these

housing developments. The study identified a number of key policy requirements that were
associated with walking for transport and recreation.
ii
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GIS Tools and Terms

All measures were generated using ArcGIS software and tools in ArcMap, versions 9.3 {ESRI: ArcGIS
Desktop, 2008 #332} and 10.0 {ESRI: ArcGIS Desktop, 2011 #275}. This glossary of ‘GIS Tools and
Terms’ defines the common terms and tools used in the development of the measures and that are
referred to throughout this thesis.
ArcGIS

A suite of geographic information system (GIS) software products

ArcMap

The main software component of ESRI’s ArcGIS suite of geospatial

Buffer

produced by ESRI.

processing programs used to view, edit, create and analyse geospatial
data.

Creates buffer polygons around input features to a specified Euclidean

distance. A dissolve function can be performed to remove output buffer
overlap.

Cadastral Parcel /
Cadastre (Lot)

A single area of land under homogenous property rights and ownership.
The Statutory Authority Landgate maintains Western Australia’s official
register of land ownership. Landgate’s spatial cadastre database

contains information on land parcel boundaries for all freehold and
crown and was used to represent all residential lot boundaries.

The terms ‘cadastre’, ‘cadastral parcel’ and ‘lot’ are used interchangeably
Calculate Geometry
Tool

throughout the thesis.

Used to calculate the geometry of a feature. This was used to calculate
the areas and perimeters of polygon features and the length of line
features.

xix

Convert Path to Points

Generates a series of points at constant intervals along each line feature

Clip Tool

Extracts input features that overlay the clip features. This tool is used to

Hawths Tool

{Beyer H.L, 2004 #374}.

cut out a piece of one feature class using one or more of the features in
another feature class as a cookie cutter. This is particularly useful for

creating a new feature class or area of interest that contains a geographic
subset of the features in another, larger feature class.

Erase Tool

Two features classes are overlaid. Input Feature geometries coincident
with Erase Feature geometries will be removed. Only those portions of
the input features falling outside the erase features outside boundaries
are copied to the output feature class.

Feature Class

A feature is an object that stores its geographic representation which is
typically points, lines or polygons. Feature classes (or ‘shapefiles’) are
homogenous collections of features with a common spatial

representation and set of attributes stored in a database (e.g., a line
feature class representing road centrelines). All spatial data were

created and stored as feature classes, for example footpath networks

created as a new line feature class layer or blocks as a polygon feature

class in ArcGIS. Each item may also have attributes that describe it (e.g.,

road name or block perimeter).

xx

Feature to Line Tool

Creates a feature class containing lines generated by converting polygon

Hawths Tool

An extension for ArcGIS (specifically ArcMap) designed to perform

Intersect Lines (Make
Points) Hawths Tool
Network Analyst

Toolbox Extension

Network Dataset

boundaries to lines.

spatial analysis and functions that cannot be conveniently accomplished
with out-of-the-box ArcGIS {Beyer H.L, 2004 #374}.

Creates a point where ever a line from the first layer crosses a line from
the second layer (Beyer 2004).

The Network Analyst Toolbox contains tools that perform network

analyses using network datasets. With this toolbox you can perform

routes, closest facility, service area and origin-destination cost maxtix
analyses.

To perform connectivity and accessibility analyses (i.e. distance to

destinations using the OD cost matrix tool) in ArcMap all digitised road
centrelines had to be converted to a ‘Network Dataset’.

Network datasets are well suited to model transportation networks.

They are created from source features (such as road centrelines) and

store the connectivity of the source features at all points and turns (i.e.,
Nodes

intersections).

The points created at all intersections along the road centrelines layer
when converted to a ‘network dataset’. Each node is assigned a

connectivity value to represent the number of directions of travel are
OD Cost Matrix
Analysis Tool

possible at that point.

The ‘OD cost matrix’ (i.e., origin-destination matrix) finds and measures
the least-cost paths along the network from multiple origins to multiple

destinations. When configuring an OD-cost matrix a maximum search

distance or cut-off value can be specified. Any destination beyond the cutoff value will be ignored.

The OD Cost Matrix tool was used for all network analyses. Points of
origin were the residential dwellings the 36 housing developments
(n=31,102).

xxi

Ortho-imagery

Photographic images constructed from (vertical) aerial positions and

geometrically corrected (orthorectified). These can be used to measure
true distances because it is an accurate representation of the Earth's

surface, having been adjusted for topographic relief, lens distortion, and
camera tilt and as such are commonly used in the creation of a
Geographic Information System.

Orthophotography of the Perth metropolitan area captured in 2009

{Western Australian Land Information Authority, 2009 #277} provided
the visual back-drop against which the identification, manual checking
Personal Geodatabase

and digitisation of all LN built environmental features were based.

A collection of geographic datasets of various types held in a common file
system folder. The contents of each personal geodatabase are held in a

Microsoft Access file that can store, query, and manage both spatial and
Residential Dwelling
Point Layer

Residential Lot Layer

Select by Attribute
Select by Location

non-spatial data.

Point features representing the location of all residential dwellings
within the 36 RESIDE developments (n=31,102).

Polygon features representing the location of all cadastral parcels that

contain a residential dwelling point feature within the 36 RESIDE
developments (n=31,102).

Allows the selection/identification of features or records within a feature
class based on a specific attribute(s).

Allows the selection of features based on their relative location to other
features.

Intersect: Returns any features that geometrically share a common part
Service Area Tool

Snapped

Spatial Join

of the source feature.

Identify service areas around any location on a network. Polygons are

generated of the region that encompasses all accessible streets within the
specified cut-off distance.

A feature of the Editor function. This ensures that the vertex of a new

line being created (i.e., digitised) connects precisely to the existing line
being added to.

Joins attributes from one feature to another feature based on their spatial
relationship. The attributes from the join features are joined to the
attributes of the target features.

xxii

Streetsmart

A digital version of the Perth metropolitan area street directory {Western
Australian Land Information Authority, 2009 #272} was also used as a
visual back-drop within ArcMap to help identify the locations of built

environmental features, including shopping centre boundaries, other
Summary Statistics
Tool

non-residential land uses and parks.

Calculates summary statistics for field(s) in an attribute table of a feature
class. The following statistical operations are possible: sum, mean,
maximum, minimum, range, standard deviation, count, first, last.
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Chapter 1

Introduction
This chapter forms the basis of a book chapter that has been published (Appendix 1):
Hooper, P., Foster, S., Nathan, A., and Giles-Corti, B. (2012) Built Environmental Supports for
Walking, in Physical Activity and Public Health Practice.
In: Physical Activity and Public Health Practice, Editors: Ainsworth B.E., and Macera, C.A.
CRC Press Taylor and Francis Group, LLC: Boca Raton. p. 257-276.

1.1

Overview

In the last decade, a new field of ‘active living research’ has emerged studying the impact of the
built environment on physical activity, particularly walking. This multi-disciplinary field involves
not only physical activity academics, but also researchers, practitioners and policy makers from

transportation, urban planning, and geography. Collaborations of this kind provide unprecedented

opportunities for physical activity researchers to work in partnership with those responsible for
informing how our communities are built (Bull, Giles-Corti & Wood 2010).

This chapter presents the importance of physical activity for health and the public health rationale

for focusing on walking. It also defines the built environment and introduces the theoretical
underpinnings for how and why it is a key driver of walking behaviour. It presents a summary of

the evidence to date examining the relationship between the built environment and walking. It

then outlines currents gaps in the evidence and identifies future directions needed for the field of
active living research. The context and rationale for this thesis are then outlined and the research

aims and objectives identified.
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1.2

Physical activity and health

There is compelling epidemiologic and scientific evidence that regular physical activity not only
contributes to well-being but is essential for good health; favourably affects weight and body

composition (Ballor & Keesey 1991) and is associated with lower all-cause mortality and morbidity

(Paffenbarger 1986; Paffenbarger 1993; US Department of Health and Human Services 1996;

Milligan 2007). Over the past few decades research has consistently shown that people who are
physically active reduce their risk of developing major chronic diseases, such as coronary heart

disease, stroke and type 2 diabetes mellitus by as much as 50% and premature death by 20-30%

(Department of Health 2004; Milligan 2007).

Given the significant health benefits, specific recommendations for promoting physical activity
emerged with a focus on the importance of moderate intensity physical activity for health (Pate,

Pratt, Blair et al. 1995). The US guidelines recommend that “to promote and maintain health, all

healthy adults need to engage in moderate-intensity aerobic physical activity for a minimum of 30
minutes per day on 5 days per week, or vigorous-intensity aerobic exercise for a minimum of 20
minutes per day on 3 days per week” (Haskell, Lee, Pate et al. 2007; Rosenberg, Mills, McCormack et

al. 2010; Commonwealth Department of Health Aged Care 1999). Combinations of moderate- and

vigorous-intensity activity can be performed to meet these guidelines and the physical activity can

be accumulated towards the 30-minute minimum from bouts lasting 10 or more minutes (Haskell,
Lee, Pate et al. 2007). Consistent with US guidelines and in response to the 1996 Surgeon General’s

Report (US Department of Health and Human Services 1996), the National Physical Activity
Guidelines for Australian Adults were released which recommended “participation in at least 30
minutes of moderate-intensity physical activity on most, if not all, days of the week, to accrue health
benefits” (Commonwealth Department of Health Aged Care 1999).
However, despite the known health benefits, in 2009 only 60% of all Western Australian adults
reported participating in sufficient levels of physical activity (i.e., they accumulated 150 minutes or

more of moderate-intensity physical activity on five or more sessions or 60 minutes of vigorous-

intensity physical activity per week); 28% were insufficiently inactive and 12% inactive
(Rosenberg, Mills, McCormack et al. 2010). Additionally, over one-half of the WA respondents were
categorised as either overweight (37%) or obese (18%). Adults in the healthy weight range (65%)

were more likely to undertake sufficient levels of physical activity than those who were overweight
or obese
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The World Health Organisation reports that physical inactivity is one of the 10 leading causes of

death in developed countries (World Health Organisation 2004). It is estimated that physical
inactivity contributes to 13,491 deaths annually (Begg, Vos, Barker et al. 2007) and is responsible

for approximately $370 million in direct health care costs in Australia (Stephenson, Bauman,
Armstrong et al. 2000). In Western Australia physical inactivity is responsible for approximately

9.8% of the burden of disease and disability (Begg, Vos, Barker et al. 2007). Thus the evidence
clearly demonstrates that an inactive lifestyle has a substantial negative impact on both individual
and public health and the substantial associated financial costs makes physical inactivity a major
public health issue.

1.3

Walking as physical activity

The release of the US Surgeon General’s report in 1996 (US Department of Health and Human

Services 1996) heralded a shift in emphasis in physical activity research, policy and practice

towards moderate intensity lifestyle activities, such as walking, that can be accumulated
throughout the day. This has since become a key strategy designed to increase global population

levels of physical activity (Siegel, Brackbill & Heath 1995; Eyler, Brownson, Bacak et al. 2003; (Lee

& Moudon 2004). The World Health Organization now acknowledges walking as an important
health enhancing physical activity to protect against diseases associated with sedentary lifestyles
(World Health Organisation 2004).

Brisk walking qualifies as a moderate form of physical activity (Ainsworth, Haskell, Whitt et al.
2000). The health benefits of walking as a specific form of physical activity are well documented

with studies indicating significantly lower risks of cardiovascular or coronary heart disease
associated with between 45-150 minutes of brisk walking per week (Manson, Greenland, LaCroix et

al. 2002; Manson, Hu, Rich-Edwards et al. 1999; Haskell, Lee, Pate et al. 2007). Walking for

transport (or active transport) is a utilitarian behaviour concerned with walking to get to and from
destinations such as shops, public transport stops and places of work. Walking for transport is not

only good for health, but has additional benefits associated with reduced car use, greenhouse gas

emissions, noise pollution, and improved air quality (Frumkin, Frank & Jackson 2004). Active
transport is therefore increasingly recognised as offering co-benefits across a number of sectors

beyond health. This provides additional incentives to encourage walking (Giles-Corti, Foster,

Shilton et al. 2010). Walking for recreation is a discretionary behaviour undertaken during leisure
time and involves some degree of choice (Saelens, Sallis & Frank 2003).
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Globally, walking is also reported to be the most frequently engaged in, and preferred type of,

physical activity undertaken by adults (US Department of Health and Human Services 1996). In
2009, 78% of men and 82% of women in Western Australia reported walking in the past week.

Walking for recreation is a popular form of physical activity among West Australian adults. In
2009, walking for recreation (52%) followed by gardening (32%) and walking for transport (21%)
were the most reported types of physical activities engaged in by active respondents. (Rosenberg,
Mills, McCormack et al. 2010). Participation in walking for recreation was higher in the 1999

survey (61%) compared with 2009 (52%). Walking for transport was lowest in 2009 (21%)
compared with all previous survey years (Rosenberg, Mills, McCormack et al. 2010). The most

popular places/facilities used for physical activity in 2009 were the home, streets/footpaths and

cycle/walking paths (Rosenberg, Mills, McCormack et al. 2010). From 1999 to 2009, there has been
a steady increase in the proportion of adults using cycle/walking paths (7% in 1999; 31% in 2009)

(Rosenberg, Mills, McCormack et al. 2010). Pedometers also provided an objective assessment of

physical activity as part of the survey of West Australian adults’ physical activity in 2009

(Rosenberg, Mills, McCormack et al. 2010). On average, in 2009, females accumulated significantly

more steps than males (females 9,094 steps males 8235 steps) and participants aged 60 years and
older recorded significantly fewer steps than younger respondents (18-29 years 8,992 steps, 30-44
years 9,398 steps, 45-59 years 8,659 steps, 60+ years 7,243 steps) (Rosenberg, Mills, McCormack et
al. 2010).

Overall, sufficiently active respondents recorded significantly more steps than

insufficient or inactive participants and were more likely to accumulate at least 10,000 steps

compared with other study participants (Rosenberg, Mills, McCormack et al. 2010). In 2009, 32%
of respondents performed 10,000 steps or more per day this was significantly lower than the 46%

of respondents who performed 10,000 or more steps per day in 2002 (Rosenberg, Mills,
McCormack et al. 2010).

Walking is a highly accessible, low cost, form of physical activity which can easily be integrated into

daily routines with few barriers to participation. Walking may be advantageous over other forms of
physical activity, because it is moderately intense in the levels of exertion required and as such may

appeal to people who cannot participate in high-impact activities. It can also be undertaken by a
wide variety of ages and fitness levels (Rafferty, Reeves & McGhee 2002; Frank, Engelke & Schmic

2003; Bauman, Rissel, Garrard et al. 2008). This makes it an appealing form of physical activity to
promote, irrespective of age, gender, socioeconomic or health status and level of fitness (Frank,

Engelke & Schmic 2003). The promotion of ‘lifestyle’ activity such as walking has thus become an
important focus of physical activity promotion strategies.
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In the last decade physical activity researchers have turned their attention to understanding the

specific correlates of walking as a form of transport and for exercise or recreation. Accumulating
evidence suggests that individuals’ decisions to walk or cycle are associated with certain

characteristics of the built environment (Rodriguez, Khattak & Evenson 2006). The effects of

neighbourhood design in constraining or facilitating walking is thus important to consider (Saelens
& Handy 2008). This is especially important considering that the local streets and footpaths were
the most frequently used facilities among Western Australian adults for physical activity in both
2006 (Milligan 2007) and 2009 (Rosenberg, Mills, McCormack et al. 2010).

1.4

Theories that underpin the focus on the environment

Early physical activity research focused on individual determinants of behaviour, such as
motivation and self-efficacy. However, these models only accounted for a small amount of the

variance in physical activity behaviours and have generally resulted in limited long-term successes

in changing population levels of physical activity (Spence & Lee 2003; McCormack, Giles-Corti,

Lange et al. 2004). As such, interest grew in exploring broader determinants of health behaviour
that reach beyond individual responsibility and control, such as the built environment and the

policies that help shape these (McLeroy, Bibeau, Steckler et al. 1988). Researchers have since
focused on understanding environmental determinants of health and physical activity, with a focus
on developing supportive contexts within the places that people live and lead their lives
(McGillivray 2002).

This shift led to the adoption of a socio-ecological framework to understand physical activity,
including walking. This framework considers multiple levels of influence on behaviour including:

individual (e.g., attitudes, knowledge and beliefs); social (e.g., friends or family); societal and

cultural (e.g., social norms); and physical environmental factors and policy systems (e.g.,

neighbourhood design and planning policies) (McLeroy, Bibeau, Steckler et al. 1988; Sallis, Bauman

& Pratt 1998).

These models hypothesise that persons are interdependent with their

environments. Changes to the environment have the potential to directly influence population

behaviour – enabling or constraining physical activity behaviours (Sallis, Bauman & Pratt 1998;
Spence & Lee 2003; Heath, Brownson, Kruger et al. 2006). Changes in the environment can also be
expected to be relatively permanent, unlike the lack of maintenance often documented with

traditional individual health behaviour change programs (Saelens, Sallis & Frank 2003). As such,

Giles-Corti (2003) suggests that comprehensive interventions aimed at increasing physical activity
behaviours should target both people and places. Whilst persuading people to adopt and maintain

physically active behaviours remains an important public health objective, provision should also be
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made to ensure that the environments in which people live, work and play are conducive to
encouraging and allowing physical activity behaviours to take place (Giles-Corti & Donovan 2003).

1.5

The built environment and walking

In light of the popularity of walking, and its potential health benefits, understanding built

environmental characteristics and neighbourhood designs that support or deter walking has
become a priority (Saelens & Handy 2008).

This has focused attention on the urban and

transportation policies that dictate the structure of our cities. An historical overview of changes to
town planning that have contributed to declining levels of walking, particularly in North America

and Australia, follows.

1.5.1

The rise and sprawl of suburbia

During the mid-19th century, the industrial revolution brought large influxes of people into major

European and US cities. The overcrowded conditions and poor sanitation that resulted created

ideal conditions for the outbreak and spread of infectious diseases (Transportation Research Board
Institute of Medicine 2005). Moreover, the co-location of noxious industrial land uses alongside
residential housing meant residents were exposed to environmental pollution and noise.

Concerned about the impact of these environments on the health of its inhabitants, public health

officials recognised the benefits of town planning as a means of lowering housing densities and

separating polluting land uses from residential areas (Schilling 2005; Transportation Research

Board Institute of Medicine 2005). Changes to the planning regulations of urban areas followed,
with the introduction of single use land zoning practices. This divided land into zones and specified
the type of activity permitted (e.g., residential, commercial, retail or industrial) (Transportation
Research Board Institute of Medicine 2005).

Whilst zoning successfully separated industrial and residential land uses, and helped reduce
communicable disease, it also segregated retail and commercial land uses, encouraging the
development of isolated residential suburbs (Schilling 2005; Farr 2008). This trend towards

exclusively residential suburbs escalated following the mass production of affordable motor

vehicles after World War II. Private vehicles increased residents’ mobility, allowing them to live

greater distances from their place of work and destinations required for daily living (Giles-Corti,

Robertson-Wilson, Wood et al. 2010). However, the increased distances made it impractical for
residents to walk or cycle to these destinations as part of their daily routine (Falconer 2008; Farr
2008). Moreover, low suburban residential densities made provision of regular public transport
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services unviable, further fuelling automobile dependency (Giles-Corti, Robertson-Wilson, Wood et

al. 2010; Transportation Research Board Institute of Medicine 2005). Road construction standards
have since focused on moving cars long distances at high speeds at the expense of pedestrian and

cycling infrastructure (Farr 2008; Duany, Plater-Zyberk & Speck 2000). Over the past few decades,

sprawled residential suburban development (often referred to as ‘conventional’ development) has
become standard in North America and Australia, particularly on the urban fringe. This contrasts
with the traditional forms of development evident throughout much of Europe, characterized by

higher population densities, a good mix of destinations and a diverse range of housing (Duany,
Plater-Zyberk & Speck 2000).

1.5.2

The consequences of suburban sprawl for walking

Technological advances that have eliminated physical exertion from most aspects of daily life,

including work, household chores, and travel and leisure activities have resulted in declining
physical activity levels (Giles-Corti, Robertson-Wilson, Wood et al. 2010; Transportation Research

Board Institute of Medicine 2005). Post-war suburban development, as described above, has also
discouraged walking and public transport use (which typically involves a walking trip at each end)
(MacDonald, Stokes, Cohen et al. 2010). There is growing evidence suggesting that suburban

sprawl is associated with increased weight (Butland, Jebb, Kopelman et al. 2007), principally

through its impact on energy expenditure by encouraging car dependence (Frank, Andresen &
Schmid 2004) and more sedentary leisure behaviours (Sugiyama, Salmon, Dunstan et al. 2007).

Indeed, in the US and Australia where sprawling suburban development is commonplace, walking,

cycling and public transport trips account for only 12% and 13% respectively of all trips. In
European countries where compact development is commonplace, walking, cycling and public
transport trips range from 26% to 67% of all trips (Bassett, Pucher, Buehler et al. 2008).

Important questions are now being asked to determine whether current suburban development
patterns that emerged partly in response to 19th century health concerns are now contributing to

21st century problems related to inactivity, sedentary behaviour and obesity. These concerns have

given rise to active living research.
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1.6

Built environment correlates of walking

Built environmental features investigated

In terms of understanding walking behaviours, research has focused on three main, interacting,

features of the built environment: land use patterns; movement networks; and design features.
Together these determine the location of destinations, facilities and services; the ease with which

they can be reached; and the pleasantness and safety of the experience (Transportation Research
Board Institute of Medicine 2005).

Land use patterns refer to the spatial distribution and mix of destinations required for all aspects of

daily life and recreation (e.g., shops, work, schools, and public open space) and the density of
residential dwellings (Transportation Research Board Institute of Medicine 2005). Transport
theories hypothesize that walking is more likely when a variety of proximate destinations, transit
stops and areas of public open space are present (i.e., mixed land uses), as these provide meaningful
and convenient opportunities to walk (Duany, Plater-Zyberk & Speck 2000).

Movement networks are the physical infrastructure that allows people to navigate between land

uses or destinations. It includes the roads, sidewalks, cycle paths and public transport routes. The

term ‘connectivity’ refers to the directness or ease of moving between origins (e.g., households) and
destinations along the movement network (Saelens, Sallis & Frank 2003).

In terms of walking behaviours, increased connectivity reduces the distances to destinations and

provides a range of routes, increasing the likelihood of walking between locations (Dill 2004).
Another important consideration for recreational and transport walking is the presence and

continuity of pedestrian infrastructure (i.e., sidewalks). Pedestrian infrastructure includes the built
and planted features that provide amenities or affect pedestrian mobility, safety and comfort –

these include the basic street pattern and road classification, as well as the provision of footpaths,
pedestrian crossings and street trees for shade.

‘Design features’ comprise the physical qualities and aesthetics of the built environment
(Transportation Research Board Institute of Medicine 2005).

Examples relevant to walking

include: the surface type and condition of sidewalks; curb heights; the provision of street furniture,

lighting and trees; vegetation; and public open space. Neighbourhood aesthetics determine the
general appeal and presentation of the neighbourhood and whether it provides a pleasant

pedestrian-orientated environment (Pikora, Giles-Corti, Knuiman et al. 2006). These help to create

interesting scenery within the neighbourhood and encourage walking (Duany, Plater-Zyberk &
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Speck 2000). The design and orientation of housing in conventional suburbs can inhibit natural

surveillance as houses typically have large set-backs and front yards, often with double garages or

high fences fronting the property. In contrast, traditionally developed houses tend to have smaller
set-backs, meaning they are closer to the sidewalk. This enables residents to monitor the street
which provides a greater sense of safety for pedestrians (Duany, Plater-Zyberk & Speck 2000).

Review of evidence
An expanding body of literature examining built environment correlates of walking now exists. The
research on this topic has come from both the transportation planning and physical activity fields.
Transportation planning has focused on travel behaviour and transportation demand, with walking
as a mode of transport. Physical activity researchers have focused on walking as a form of physical

activity, including walking for recreation and for transport (Owen, Humpel, Leslie et al. 2004;
Saelens & Handy 2008; Saelens, Sallis & Frank 2003). Several major reviews have highlighted
patterns of positive relationships with particular types of walking. Most studies have examined

adults walking behaviour, with relatively less research focusing on children or adolescents (aged 5
to 18 years) and older adults (usually aged 50 to 65 years and above). This section reviews the

current evidence of built environment correlates on walking for transport and walking for

recreation and highlights similarities and differences in correlates for children, adults, and older
adults.

Walking for transport
The most consistent land use correlate of walking for transport is population density. This has
been found for children (Saelens & Handy 2008; Panter, Jones & van Sluijs 2008) and adults
(Saelens & Handy 2008; Saelens, Sallis & Frank 2003; Owen, Humpel, Leslie et al. 2004;
Transportation Research Board Institute of Medicine 2005), with a similar trend now emerging in

the literature on older adults (Shigematsu, Sallis, Conway et al. 2009). Population density is critical
in mixed use neighbourhoods, providing the customers required to support local businesses,
thereby increasing proximity to local destinations.

Consistently positive associations between land use patterns and walking for transport across all
population groups are reported. Measures of land use mix are positively correlated with walking

for transport in adults, though evidence is more inconsistent for children and older adults (Saelens
& Papadopoulos 2008; Transportation Research Board Institute of Medicine 2005; Saelens & Handy
2008; Shigematsu, Sallis, Conway et al. 2009). Close proximity to neighbourhood destinations is

positively correlated with active transport across the life course, with specific destinations more
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important for different population groups.

For children, distance to school is consistently

associated with active commuting (Davison & Lawson 2006; Panter, Jones & van Sluijs 2008)

whereas other destination types, such as public open space and sports facilities or shops, appear to
be more important for older children and adolescents than younger children who are less

independently mobile (Panter, Jones & van Sluijs 2008). Proximity to destinations, such as shops
and parks, are positively associated with transportation walking in adults (Saelens & Handy 2008;
Saelens & Papadopoulos 2008; Owen, Humpel, Leslie et al. 2004; Transportation Research Board

Institute of Medicine 2005), and appear to be especially important for transportation walking in
older adults, possibly due to their reduced mobility (Shigematsu, Sallis, Conway et al. 2009).

Consistent positive associations have also been found for the presence of sidewalks and walking for

transport in children (Davison & Lawson 2006; Saelens & Handy 2008) and adults (Saelens &
Handy 2008; Owen, Humpel, Leslie et al. 2004; Transportation Research Board Institute of
Medicine 2005).

The evidence for older adults is mixed (Saelens & Papadopoulos 2008;

Shigematsu, Sallis, Conway et al. 2009).

The association between road connectivity and active transport has produced mixed results in
children (Panter, Jones & van Sluijs 2008; Davison & Lawson 2006) and adults (Saelens & Handy

2008; Saelens, Sallis & Frank 2003). Connected road networks have been shown to be associated

with more walking in older adults and children, but only when traffic-related issues are managed
and the local streets are perceived to be safe (Saelens & Papadopoulos 2008). Real and perceived

traffic-related safety has been associated with walking for transport in children (Davison & Lawson

2006; Saelens, Sallis & Frank 2003; Panter, Jones & van Sluijs 2008) and older adults (Saelens &
Papadopoulos 2008; Shigematsu, Sallis, Conway et al. 2009).

There is mixed evidence of associations between neighbourhood aesthetics and walking for
transport. Inconsistent associations have been identified for both children (Panter, Jones & van

Sluijs 2008) and adults (Owen, Humpel, Leslie et al. 2004; Saelens & Handy 2008; Transportation

Research Board Institute of Medicine 2005), suggesting that land use and the transport system are
much stronger predictors of transport walking than aesthetic details.
Walking for recreation
Studies examining correlates of recreational walking focus on adult populations rather than
children.

This is because children engage in active play and active transport rather than

recreational walking. Positive neighbourhood aesthetics are strongly associated with walking for

recreation in adults (Owen, Humpel, Leslie et al. 2004; Saelens & Handy 2008; Transportation
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Research Board Institute of Medicine 2005; McCormack, Giles-Corti, Lange et al. 2004) and older
adults (Shigematsu, Sallis, Conway et al. 2009). There is also growing evidence that proximity to

recreational destinations, particularly large, attractive public open space and beaches, is associated
with adults recreational walking (McCormack, Giles-Corti, Lange et al. 2004; Giles-Corti, Broomhall,

Knuiman et al. 2005). A review by Owen et al (Owen, Humpel, Leslie et al. 2004) also found that

walking for recreation was associated with access to an aesthetically pleasing environment, living
in a coastal location, access to convenient facilities/services, and walking trail length.

Recreational walking is mostly undertaken in neighbourhood streets and the presence of sidewalks

and other pedestrian infrastructure are consistently associated with more recreational walking in
adults (Saelens & Handy 2008). Importantly, it is not simply the provision of pedestrian

infrastructure that appears to be important for recreational walking, but also its quality. This may
be particularly relevant for older adults who are at greater risk of falls.

Some land use patterns have also been associated with recreational walking however the evidence
is inconsistent. For instance, residential densities and land use mix appear to be associated with

recreational walking in adults and older adults (Saelens & Handy 2008; McCormack, Giles-Corti,
Lange et al. 2004; Shigematsu, Sallis, Conway et al. 2009). However, the interesting landscapes
created by the presence of varied land uses may encourage recreational walkers, rather than the
specific destinations themselves (McCormack, Giles-Corti, Lange et al. 2004).

Design characteristics and perceptions of the neighbourhood environment, such as the aesthetics or

attractiveness and safety are also important related factors in determining walking behaviours
(Pikora, Giles-Corti, Badland et al. 2003; Hoehner, Brennan, Elliott et al. 2005; Suminski, Poston,

Petosa et al. 2005; Saelens & Handy 2008; Humpel, Owen & Leslie 2002; McCormack, Giles-Corti,
Lange et al. 2004).

In combination, these results highlight the importance of planning

neighbourhoods to provide a combination of land uses, including high quality public open space,

good accessibility and pleasing aesthetics to encourage walking behaviours. Current research also

suggests that crime-related safety may cause women and older adults to limit their walking. There

is evidence that some CPTED elements such as good street lighting, neighbourhood upkeep, and
less physical incivilities and street features that promote safety from crime (e.g., front porches and
neighbourhood maintenance) can encourage walking (Foster & Giles-Corti 2008). To date, there is

no clear pattern as to whether safety concerns impact more on transport or recreational walking.
However it is possible that these features may have greater impacts on discretionary behaviours

where choice is involved, such as walking for recreation.
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Composite measures of the environment
The majority of the correlational evidence presented above has come from studies focusing on

individual features of the built environment. In practice however, individual features are unlikely

to influence walking in isolation, and the inconsistent findings highlight the need to consider the
combination of neighbourhood attributes that might work together to affect walking behaviours.

Neighbourhood built environments contain numerous and differing combinations of co-existing

features that may influence physical activity behaviours (Adams, Sallis, Kerr et al.). The combined

effects of many, rather than a few individual, environmental attributes might better explain walking
and physical activity behaviours (Frank, Saelens, Powell et al. 2007; McCormack, Friedenreich,
Sandalack et al. 2012). For example, connectivity affects walking by increasing proximity and
providing more direct routes to local destinations. As identified above, access to destinations is

strongly associated with walking for transport, and the presence of destinations is only possible

when there is higher population density. These interactions highlight the synergistic influences of
built environmental features.

The study of combined built environmental attributes to date has largely focused on the use of

composite indexes measuring specific aspects of the built environment. Public health researchers
have instead attempted to combine the environmental components that help to predict transportrelated walking. The most common has been the development of the walkability index that

accounts for the presence of multiple built environmental features, by combining scores for
variables that represent connectivity, density and land use mix (Frank, Sallis, Saelens et al. 2009;
Christian, Bull, Middleton et al. 2011; Owen, Cerin, Leslie et al. 2007; Learnihan 2007). The earliest

work, undertaken by Frank et al., (Frank, Sallis, Saelens et al. 2009) found significant associations
with physical activity. Subsequent versions of walkability indices by different researchers have
modified the land use mix computation by varying or adding new categories. Evidence from a

number of countries shows positive associations between neighbourhood walkability and walking

for transport across the life course (Saelens & Handy 2008; Sallis, Floyd, Rodriguez et al. 2012).
Less consistent relationships have been found with recreational walking, although Christian et al
(Christian, Bull, Middleton et al. 2011) found that adding a land use class that included public open

space strengthened the relationship with recreational walking. However, additional attributes
other than the limited few included in walkability indices may be important contributors towards

the walkability or pedestrian friendliness of an area and thus for walking (e.g. footpaths,
streetscapes – trees and lighting, parks and open spaces, pedestrian crossings, road traffic volumes

and speeds) (Christian, Bull, Middleton et al. 2011; McCormack, Friedenreich, Sandalack et al.
2012).

12 | P a g e

Another method is to compare the walking behaviours of residents living in different development

types. A number of recent studies have compared walking levels of those living in conventional and

New Urbanist designed developments. New Urbanism is one of a number of planning movements
that have recently emerged as an alternative to current planning models responsible for suburban
sprawl.

It embraces traditional styles of development with the aim of creating walkable

neighbourhoods that encourage more active modes of transportation (Falconer 2008).

Findings

have shown that residents of New Urbanist neighbourhoods engage in more walking for transport

than those residing in conventional suburbs (Rodriguez, Khattak & Evenson 2006) and substitute
more driving trips with walking trips due to the walkable distances between residences and

commercial centres; the network of sidewalks and direct bus routes from the neighbourhood to
particular destinations (Khattak & Rodriguez 2005).

1.7

Implications for policy and practice

Amid growing concerns about physical inactivity and obesity, climate change, population growth

and declining oil supplies, multiple sectors are now focused on changing the built environment to
increase walking, cycling and public transport use. Although active living research is a relatively
new field of study, it is providing evidence to help shape policy reform to create more activity-

friendly environments. While enormous progress has been made in the last decade, there is still
much to learn. The following sections reflect on progress to date and to consider the implications
for policy and practice and directions for future research.

There is growing recognition that although this field is in its early stage of development, there is

sufficient evidence to warrant interventions designed to increase the walkability of new and
existing suburbs (Butland, Jebb, Kopelman et al. 2007; Transportation Research Board Institute of
Medicine 2005). Low density, car dependent, suburban sprawl is detrimental to health and the

environment and incorporating features that create liveable, pedestrian-friendly, communities is
now required. Increasing the density of future suburban development and ensuring access to

public transport is critical. Moving from suburban sprawl to higher density living will require

education of the general public, as well as a comprehensive advocacy campaign aimed at
persuading the public, government and the private sector of the urgent need to change the way
cities are built in the future.

Finally, partnerships are needed between physical activity and health researchers and architects,
urban and transport planning academics, policy makers and practitioners (Bull, Giles-Corti & Wood

2010). Changes to the built environment need to be informed by evidence, and any changes
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evaluated. Importantly, these partnerships will also ensure that physical activity researchers ask
policy-relevant questions that have the potential to be translated into policy and practice. Indeed,
Allender and colleagues (2009) have found that in order to influence their practices, planners

require evidence-based public health recommendations on the effectiveness of their actual
planning policies and legislation.

1.8

Critique of the evidence base

A major criticism of the evidence base to date is that most studies use cross-sectional study designs.

These study designs cannot inform whether there is a causal relationship between the built

environment and walking behaviour. Furthermore, it also raises concerns over self-selection. It is

not clear whether people who prefer to be physically active choose to live in walkable or activity-

supportive neighbourhoods (i.e., near shops, parks or the beach) or whether neighbourhoods

themselves encourage individuals to live actively (Bull, Giles-Corti & Wood 2010). To overcome

issues related to self-selection there have been calls for longitudinal study designs of the impact of
the built environment on physical activity.

A second limitation is that much of the evidence is based on studies of able-bodied adults. Fewer
studies have been conducted with children, adolescents and older adults. There are likely to be
important differences in environmental features that influence these groups that warrant

investigation. For example, high walkable neighbourhoods that have been shown to encourage
adults to walk for transport often have more traffic, which is negatively associated with active

forms of transport in children and older adults. Similarly, some studies show that men and women
differ in their response to the built environment (e.g., safety). More research is required, to ensure

that the needs of important sub-groups are fully understood and taken into account when planning

neighbourhoods.

1.9

Directions for future research

Despite a substantial body of literature illustrating that specific features of the built environment
are associated with physical activity, there is still much to be understood about the translation of

evidence into practice, in both new and existing neighbourhoods (Frumkin, Frank & Jackson 2004).
Moreover, few studies internationally have been designed to evaluate the effectiveness and impacts
of environmental interventions and planning policies to increase levels of walking and physical
activity (Ogilvie, Charles, Helen et al. 2007; Sallis, Bauman & Pratt 1998). Indeed, a recent paper by
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Sallis (2009) reported on the research priorities and methodological considerations considered

important to further advance the field as identified from a meeting of experts. Research priorities

included the development of policy surveillance measures and data-collection systems and the
evaluation of policy process and investigation of policy implementation and adoption. This was

considered important to provide a better understanding of how policies are implemented, what

factors affect the policy implementation and its impacts on active living behaviours (Sallis, Story &
Lou 2009).

As cities implement policies and modify environments, opportunities to monitor the impact of these

interventions on physical activity behaviours will emerge. Ideally, active living researchers would
adopt the gold standard for intervention research: the randomized controlled trial. However, it is

impractical to randomize active living research participants to live in different (neighbourhood)
environments. Sallis, Bauman and Pratt (1998) have suggested that “researchers should look for

opportunities to evaluate environmental and policy interventions that are implemented by
government agencies, professional organisations or community groups” (Sallis, Bauman & Pratt

1998). Similarly, others indicate that more policy research is required to assess public health
dimensions of planning and subdivision regulations through the documentation of lessons learned

from “innovative communities” and “model policies, programs and codes that promote active living”
to provide practitioners with “good examples they can transfer and adapt” (Schilling 2005).
Evaluations or natural experiments, such as studying the impacts of a transport or planning policy

on residents active living behaviours, provide a suitable alternative study design to inform the field
(Schilling 2005; Story, Giles-Corti, Yaroch et al. 2009).

However, the challenges in successfully translating scientific evidence from the physical activity

and public health field into appropriate and effective planning policy are substantial (Brownson,

Royer, Ewing et al. 2006). Brownson and colleagues (2006) examined reasons for the lack of

consistent and systematic translation of public health research into public policy – including

planning policy. They found that whilst data can be persuasive and powerful in shaping policy

decisions, the data or research outputs are often not in the form most useful for policymakers who
can also become frustrated with the ambiguity of findings that researchers present. Similarly,
Allender and colleagues (2009) have found that evidence-based public health recommendations to
planners and policy makers are often provided without any obvious links to existing policies or

legislation, which may account for their lack of impact. Evidence on the effectiveness of actual
planning policies was highlighted as being needed to influence their practices.
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Another untapped line of enquiry is research that better understands and informs policy and
practice (i.e., research translation).

Little is known about the barriers and facilitators to

implementation of environmental interventions and policies. Barriers might include the legislative
or regulatory processes (red tape), private sector funding that inhibit development approval, or

funding processes and on-the-ground implementation. Understanding these barriers will assist in
advancing research translation. Moreover, when policies are implemented, few (if any) published
studies to date, have measured actual policy implementation (using policy specific measures

monitored over time) and their impact on active living behaviours (Sallis, Bauman & Pratt 1998).

Integrating rigorous process evaluations, exploring the extent to which each component of the
intervention or policy is implemented as planned is essential.

Without this knowledge it is

impossible to know whether observed results (e.g., on walking behaviour) are due to the policy or
environmental intervention itself, and if no effect is found, whether it is due to policy failure or
inadequate implementation (Dehar, Casswell & Duignan 1993). Process evaluation information of

this type will inform the development, adoption and implementation of future policies and provide
practitioners and policy-makers with examples that can be adapted elsewhere (Schilling 2005).

Collaborations are also required with economists and burden of disease epidemiologists to study

the co-benefits across multiple sectors of urban design and transportation policies (Giles-Corti,
Foster, Shilton et al. 2010). This research could extend beyond health benefits to include the
economic benefits for the environment, traffic management and property development. The latter

is particularly important as a tool for engaging the private sector, which is responsible for
delivering infrastructure and new housing developments.

Finally, the identification of thresholds for specific design features, as well as the mix of design
features required to encourage and support behaviour change will be an important area of research

moving forward. Given the diversity of measures currently being explored in the literature, future
studies should seek to identify the relative influence of these features with a view to establishing a

hierarchy of design characteristics that influence active living behaviours (Figure 1.1). Identifying
the appropriate mix of high leverage interventions (i.e., essential, important and supportive) will

assist planners, policy makers and practitioners to prioritize specific interventions when resources
are limited (Sallis, Bauman & Pratt 1998).
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Essential
Must be present to influence phyical activity behaviours
Important
Compliment and work with other essential features to create
walkable neighbourhoods
Supportive
Add value but by themselves do not create supportive
envrionments for physical activity

Figure 1.1

Conceptual hierarchy of design characteristics influencing active living behaviours

1.10

Research Context and Rationale

1.10.1

The rise and sprawl of the (West) Australian dream

Metropolitan Perth has exhibited unprecedented urban growth, particularly along the coast. The
dominant mode of planning and development in the Perth metropolitan area has followed suit of

the US model with a preference for conventionally designed development. A distinct fringe of
peripheral residential suburbs now exists, resulting in a population widely dispersed in low density

residential development with rigid spatial separation of homes, shops and daily services and places
of employment.

Indeed, less than one third of the population in Perth commutes less than 10km to their place of

work or study (Department of Infrastructure and Transport 2011). This has increased dependency
on the private motor vehicle and discourages more active forms of transport such as walking and

cycling and public transport use. Western Australia consistently rates as having some of the
highest rates of vehicle ownership in Australia and Perth is one of the most car dependent cities
globally (Environment Protection Authority 2008; Department of Infrastructure and Transport
2012). The State of Australian Cities Report in 2011 indicated that 70% of the trips fewer than 5km

and 81% of trips within 5-10km are undertaken by private motor vehicle (Department of

Infrastructure and Transport 2011). Preliminary results from the 2011 Census revealed that, even
for short distances, the private motor vehicle remains the dominant mode for travel to work in each

of the Australian capital cities (Department of Infrastructure and Transport 2012). Moreover,
Perth had the lowest proportion of people that walked to work (2.6%), and 1.2% of people cycled
to work (Department of Infrastructure and Transport 2012).
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The current form of development across Perth is unsustainable, from both environmental and

public health perspectives. Indeed, in 2010 Perth was given the unenviable crown of Australia’s
most unsustainable city on the Sustainable Cities Index based on 15 indicators including ecological
footprint, health, density, wellbeing, transport, employment (Trigg, Ricther, McMillan et al. 2010).

In light of the growing evidence associating suburban sprawl with detrimental physical activity and
health outcomes; and the current rates of overweight or obesity and physical inactivity in Western
Australian, there is a strong case for change. Urban planning that promotes walking, cycling and

public transport use is now being acknowledged and recommended by multiple sectors including
planning authorities in Perth.

1.10.2

Perth’s vision for the future: combating suburban sprawl
through ‘Liveable Neighbourhoods’

A range of design alternatives have emerged in an attempt to counter suburban sprawl and

encourage active modes of travel. The Congress for the New Urbanism was founded in 1993 in the
USA by six architects advocating for the restructuring of public policy and return of traditional
town planning and development practices and qualities to counteract sprawl and reduce car
dependence (CNU 1997; Duany, Plater-Zyberk & Speck 2000).

The New Urbanist approach

primarily advocates for mixed-use, pedestrian-orientated, compact developments and human-

scaled neighbourhoods as the building blocks of sustainable communities and regions. These
qualities include: liveable streets arranged in compact walkable blocks; high street connectivity; a

range of housing choices to serve people of diverse ages and income levels; schools, stores and

other nearby destinations reachable by walking, bicycling or transit service; increased development
densities; mixing of uses; and the provision of pedestrian and bicycle infrastructure (CNU 1997;

Duany, Plater-Zyberk & Speck 2000). Supporters of New Urbanism believe greater activity

intensities (i.e. a greater mix of land uses and higher development densities) increases access to a
variety of opportunities in close proximity which encourages walking and cycling and discourages
automobile dependence.

This in turn fosters increased interaction and a greater sense of

community (Handy 2007; Garde 2004).

Several studies have compared the walking levels of residents living in New Urbanist versus
conventionally designed neighbourhoods and offer tentative conclusions on the positive benefits of

New Urbanist-based urban developments in facilitating and encouraging active modes of
transportation (Rodriguez, Khattak & Evenson 2006; Dill 2006; Khattak & Rodriguez 2005).
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The New Urbansim movement has spread globally, including to Perth, where the State Government
has identified the need to redress the impacts of conventional development planning policies. In

February 1998 the Western Australian State Government began trialling the “Liveable
Neighbourhoods Community Design Guidelines” (LNG).

This was introduced to replace the

conventional design codes that had facilitated car dependence and sprawl and facilitate the

development of sustainable suburban communities (Western Australian Planning Commission
2000). The LNG is essentially a local interpretation of New Urbanism, tailored to the Western

Australian context and in 2001 was recognised with an annual charter award from the Congress of
New Urbanism (CNU 1997).

The LNG was developed by the Department of Planning (formally the Department of Planning and
Infrastructure) with the assistance of a steering committee representing government and other key

industry stakeholders (Western Australian Planning Commission 2004). 1 From 1998 to 2008 LNG
provided developers and planners with a voluntary alternative to the existing Western Australian

Planning Commission (WAPC) policies that dictated land development practices. LNG has now
been formally adopted by the WAPC and is now the preferred operational policy for the design and

assessment of structure plans (regional, district and local) and subdivisions, for new urban and
suburban (predominantly residential) areas in the metropolitan area and country centres, on

greenfield and large brownfield and urban infill sites (Western Australian Planning Commission
2000).

The second edition of the guidelines published in 2000 consisted of six general design topics,

termed “elements”, based on the vision and principles of New Urbanism (Western Australian
Planning Commission 2000). Four of these elements (community design; movement networks; lot
layout; public parkland) aimed to provide an alternative approach to the design of (suburban)

neighbourhoods by creating more compact, pedestrian-friendly neighbourhoods, with good links to

public transport services. A key intended outcome of the LNG was to reduce car dependence and
encourage more active forms of transport in the form of walking, cycling and public transport use

(Western Australian Planning Commission 2000). The overarching principle aims of LNG are
shown in Table 1.1.

1 Western Australian Planning Commission; Urban Development Institute of Australia; Housing Industry Association; WA
Local Government Association (WALGA); Australian Association of Planning Consultants; Planning Institute of Australia;
Institute of Public Works Engineering Australia; Statutory Planning Committee of WAPC; Main Roads WA; Department of
Environment; Property Council of WA; Sustainable Energy Development Office; Development Industry Representative
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Table 1.1

Principle Aims of the Liveable Neighbourhoods

1.

To provide for an urban structure of walkable neighbourhoods clustering to form towns of compatibly
mixed uses in order to reduce car dependence for access to employment, retail and community
facilities.

2.

To ensure that walkable neighbourhoods and access to services and facilities are designed for all
users, including users with disabilities.

3.

To foster a sense of community and strong local identity and sense of place in neighbourhoods and
towns.

4.

To provide for access generally by way of an interconnected network of streets which facilitate safe,
efficient and pleasant walking, cycling and driving.

5.

To ensure active street-land use interfaces with building frontages to streets to improve personal
safety through increased surveillance and activity.

6.

To facilitate new development which supports the efficiency of public transport system where
available, and provides safe, direct access to the system for residents.

7.

To facilitate mixed use urban development which provides for a wide range of living, employment and
leisure opportunities capable of adapting over time as the community changes, and which reflects
appropriate community standards of health, safety and amenity.

8.

To provide a variety of lot sizes and housing types to cater for the diverse housing needs of the
community at a density that can ultimately support the provision of local services.

9.

To ensure the avoidance of key environmental areas and incorporation of significant cultural and
environmental features of a site into the design of an area.

10. To provide for a more integrated approach to the design of open space and urban water management.
11. To ensure cost-effective and resource-efficient development to promote affordable housing.
12. To maximise land efficiency wherever possible.

1.10.3

The RESIDential Environments (RESIDE) Project

The introduction of the Liveable Neighbourhoods Guidelines (LNG) represented a unique effort by a

State planning authority to devise a planning model aimed at creating safe, sustainable and

attractive neighbourhoods to encourage more walking, cycling and public transit use, whilst

reducing the dependency on the private automobile.

The LNG trial also provided a unique

opportunity for a natural experiment into the impact of a new planning policy on local residents’

physical activity behaviours and health. In 2003 the RESIDential Environments Project (RESIDE)

commenced with the aim of evaluating the impact of the LNG on the walking, cycling and public

transport use behaviour of local residents (Giles-Corti, Knuiman, Timperio et al. 2008). The

evaluation was focused on the community design, movement network, lot layout and public

parkland elements, as were the most applicable to its walking, cycling and public transport
objectives. The urban water management and utilities elements were not evaluated.
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RESIDE was also developed in response to the need for causal evidence on the relationship between
the built form and physical activity. As such it was designed as a five year quasi-experimental,
longitudinal research project. Participants were surveyed on three occasions: 1) between 2003-

2005 whilst living in their old home; 2) between 2004-2006 one year after moving into their new
housing development; and 3) two years later between 2006-2008, about three years after moving

into their new housing development. RESIDE has since been funded for a sixth year, enabling a

fourth follow-up in 2011. The study context was suburban, with a specific focus on new housing

developments on the outer fringes of the Perth metropolitan area. Housing developments were
selected for inclusion in the RESIDE project in 2003 by the Department of Planning.

1.10.4

Evaluating implementation of the LNG

As highlighted earlier in this chapter, there are few, if any, studies from the physical activity and

health fields that have measured the implementation of environmental or planning policies

designed to create environments more conducive to active living behaviours. Talen (1996) also
draws attention to a lack of studies from the planning field that employ quantitative assessments of

the implementation processes and success. That is, determining to what degree plans, such as
guides for future urban development, have been implemented and adhered to (Talen 1996). This

has been criticised as a major shortcoming in the planning field (Brody, Carrasco & Highfield 2006).
Talen (1996) also argues that only when planners can identify what elements of their plans are

successfully implemented and what elements are not, can they move to identifying the qualitative
factors associated with successful, or non-successful, implementation of their plans (Talen 1996).

Whilst the LNG is highly regarded internationally, and despite the (then) Minister for Planning

stating in his foreword of the 2000 Edition of the guidelines that “the ability to measure their onground performance will further refine the policy” (Western Australian Planning Commission 2000)
there has, to date, been no attempted evaluation to monitor or quantify the actual levels of its

implementation in new suburban developments approved for construction under the LNG policy.

Without rigorous process evaluation of a policy and quantification of its implementation it is

impossible to judge whether a policy that fails to show an impact or meet its intended outcome(s)
reflects a failure of the policy and its principles, or a failure to implement the policy (on-the-

ground) as intended (Dehar, Casswell & Duignan 1993). A lack of effectiveness may actually lie in

the poor delivery, through faulty or inadequate implementation, rather than it being a genuinely

ineffective policy (Bouffard 2003). From a planning sense, this is important to determine whether

the inability to achieve an improved urban quality is as a result of failed implementation or failed
policy principles (Talen 1996). Process evaluation can provide accountability by assessing if the
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policy is achieving its stated or expected aims and objectives. It can inform questions regarding the
feasibility and logistics of implementation and facilitates policy development and improvement.

Detailed information on the implementation is also important for the learning and adoption of new
policies and for the formulation and dissemination of future public policies. Process evaluation is
thus an essential component in policy evaluation and development (Rossi 1999).

1.11

Aims and objectives

This thesis seeks to advance understanding of the relationships between the built environment and
physical activity by examining the implementation of a planning policy designed to create
pedestrian friendly suburban environments and its associations with walking behaviour.

In order to accurately assess the impacts of the LNG on the walking behaviours of residents and

whether it was achieving its intended walking outcomes, it was essential to first measure the levels
of implementation and to determine the degree to which the on-ground outcomes of the new

developments selected for inclusion in the RESIDE project actually complied with the policy.

As part of the RESIDE project, this study aimed to conduct a process evaluation to quantify the
levels of implementation of the LNG requirements within the selected housing developments. An

outcome evaluation was also undertaken with the aim of examining the associations between the
implementation of the LNG and the walking behaviours of the RESIDE participants resident in these

developments. The specific aims and objectives relevant to the different evaluation stages are
outlined below.

1.11.1

Process Evaluation

A comprehensive process evaluation framework was devised to assess the levels of on-ground
implementation of the LNG requirements within the developments selected for inclusion in RESIDE.

It also aimed to quantify the degree to which these observed on-ground outcomes reflected the on-

ground outcomes envisaged by the LNG. The specific objectives of the process evaluation were:

 To develop objective measures in geographic information systems for each LNG
requirement;

 To assess the on-ground implementation of each LNG requirement using the developed
measures;
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 To quantify the levels of on-ground implementation for requirements within each LNG
element, (i.e., community design, movement networks, lot layout and public parkland);

 To investigate compliance levels for each LNG element;

 To identify the qualitative factors associated with successful or non-successful
implementation of the LNG requirements.

1.11.2

Outcome Evaluation

The objective of the outcome evaluation was to examine associations between the measured levels

of implementation of the LNG and (adult) residents walking behaviours. It aimed to investigate
whether greater overall implementation, and/or implementation of certain requirements, led to
better walking outcomes. The specific objectives of the outcome evaluation were:

 To examine the association between the measured levels of LNG implementation and
compliance with walking behaviours;

 To examine the associations between the implementation of the specific LNG requirements
and walking behaviours;

 To identify LNG requirements, or combinations of requirements, that accounted for the
greatest variance in the walking outcomes.

1.12

Thesis structure

This thesis comprises 10 chapters. Following this introductory chapter, Chapter 2 outlines the
overall methodology of the process evaluation and the data sources for the Liveable

Neighbourhoods Guidelines (LNG) Evaluation. It includes an overview of the RESIDE project
methods. It also addresses the use and modification of existing RESIDE GIS data and distinguishes

between data collected for the RESIDE project and additional data collected specifically for the LNG

evaluation. The development of five GIS layers that underpinned many of the LNG evaluation
measures are also outlined.

Chapters 3 to 6 outline in detail the development of the GIS measures devised to assess the on-

ground implementation of the individual LNG requirements from the community design (Chapter
3), movement network (Chapter 4), lot layout (Chapter 5) and public parkland (Chapter 6)
elements. The results of measured on-ground implementation for each element are presented in
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the respective chapters. Chapter 7 outlines the development and results of the scoring system

devised to quantify the levels of compliance with the LNG.

Chapter 8 presents the results of a qualitative evaluation identifying the factors for successful and
non-successful implementation of the LNG. This represents the insights, feedback and anecdotal

evidence gained through the candidate’s engagement with local planners, developers and local
government authority representatives. This chapter was also informed by a review of three
significant Western Australian reports relating directly to the Liveable Neighbourhood Guidelines

and a number of studies that have assessed the implementation of other New Urbanist projects in
the USA.

Chapter 9 details the outcome evaluation, exploring the association between measured levels of

LNG implementation and compliance with walking behaviours. The results of the analyses are
discussed in relation to the LNG principles and its intended walking outcomes as well as findings
from existing literature.

The final chapter (Chapter 10) provides a summary of the research findings and conclusions. The

study strengths and limitations are also discussed as well as implications for policy, practice and
future research.
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Chapter 2
Process Evaluation:
2.1

Overall Methods

Introduction

This chapter outlines the overall methodology of the process evaluation which forms part of the
larger RESIDential Environments (RESIDE) Project. The process evaluation was conducted in three

phases. In line with the RESIDE project, and the targeted focus of this evaluation on the walking
objectives of the LNG, the process evaluation was focused upon the community design, movement
network, lot layout and public parkland elements.

The first phase involved a review of the LNG document and the identification of the policy
requirements that underwent evaluation for assessment of implementation. The development of

requirement-specific measures in GIS, and the measurement of the on-ground outcomes of these
selected requirements in the developments, was undertaken in phase two.

The third phase

consisted of the development of a scoring system to quantify the levels of compliance with the LNG
that is, quantifying the extent to which the requirements had been implemented as intended by

LNG.

This chapter details phases one and two of the process evaluation. An overview of the RESIDE

project methods and GIS data relevant to the LNG evaluation follows. This section addresses the
use and modification of existing RESIDE GIS data and distinguishes between data collected for the

RESIDE project and additional data collected specifically for the LNG evaluation. The development
of three GIS layers that formed the foundation of many of the measures is also outlined.
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2.2

2.2.1

Phase one: Review of the LNG document
Structure of the LNG document

The first phase of the evaluation involved a comprehensive review of the structure and content of

the LNG document and the four respective elements. Each element comprised two components:

objectives and requirements. Each element listed a series of objectives, these described the principal

aims and desired outcomes to be achieved in a completed development. Each element then

contained a list of requirements that presented a range of qualitative and quantitative responses to

meeting the element objectives (Western Australian Planning Commission 2000).

The

requirements were identified as the criteria to be used in the preparation, submission and

assessment of all plans and proposals, and for measuring the performance of such proposals
against the element objectives. A total of 128 different requirements were presented across the

four elements.

The requirements were phrased in two ways: 1) as matters that should be

considered - where there are a range of design solutions; and 2) as matters that must be satisfied -

where a particular response is required (unless the requirement states that in particular
circumstances, variations or exemptions are allowed).

2.2.2

Rationalisation and identification of requirements for
evaluation

An initial review of the LNG document revealed a significant amount of duplication and overlap of
the 128 requirements both within, and across, the four elements. An important first step was to

rationalise and reduce the number of different requirements. All duplicate requirements and those

addressing the same built environmental feature were identified and combined. They were then
re-positioned under one element (i.e., the most relevant).

The community design element

contained a number of requirements relating to the other three elements. For the purposes of this

evaluation, these were re-positioned under the relevant element. Table 2.1 outlines the categories

under which the community design requirements were grouped within the LNG document. It
indicates which were retained for evaluation under the community design element and those

repositioned elsewhere. A number of requirements listed under each of the four selected elements
related to the environmental or sustainability outcomes and the provision of utilities. For example,
many of the lot layout requirements addressed issues of noise buffering and solar orientation or
energy efficiency. As these were not applicable to walking behaviour they were excluded.
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Table 2.1

Categories of community design requirements and the elements under which they
were evaluated

1)

Neighbourhood and town structure  Community Design

2)

Integrated development  Movement Network

3)

Street and lot layout  Movement Network

4)

Mix of uses and employment  Community Design

5)

Mix of lot size  Lot Layout

6)

Schools  Community Design

7)

Public parkland

 Public Parkland

Many of the requirements were qualitative in nature. Whilst these provided important contextual
information to help address the objectives of the elements, they did not necessarily identify a
particular built environmental feature for implementation.

From the rationalised list of

requirements, a total of 60 quantifiable and measurable requirements that addressed actual

features of the built environment, and that were relevant for walking behaviour were identified.

From this list, 43 requirements (72%) were identified for inclusion in the LNG evaluation. These

are presented in Table 2.2. Excluded requirements included those addressing: the construction of

footpaths and cycle paths and verge widths; the permeability of residential lot boundaries (i.e.,

fences) and garage locations and the levels of street frontage by residential dwellings; the locations
of traffic signals and pedestrian crossings; and the spacing of bus stops. These were deemed

impractical to measure given the time frames of the evaluation and a lack of GIS data availability.
For example, no GIS datasets with the locations of traffic signals and pedestrian crossing locations
or a digital layer of building footprints had been obtained by RESIDE project or could be sourced
elsewhere.
Table 2.2

Numbers of requirements within each LNG element before and after rationalisation
LNG Edition 2

Element

Post review and rationalisation

No. of requirements

No. of measurable
requirements

No. of requirements
evaluated

Community Design

20

18

13

Movement Network

60

25

15

Lot Layout

28

8

7

Public Parkland

20

9

8

128

60

43
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2.2.3

Scales of development

The LNG was prepared with the intention of being applied on larger scale structure plan or

regional-sized developments to allow for the regional structuring of walkable, mixed use
neighbourhoods. Three different scales of development were however permitted under the LNG: 1)
district and larger sized structure plans; 2) local structure plans; and 3) subdivisions.

The

document provided some guidance of the requirements that should be addressed by development

proposals at each of these scales, as illustrated in Figure 2.1. The final step was to identify the scale
of development at which each of the selected each requirements were applicable. This was

important to ensure that the developments were only evaluated against the requirements that

could have been expected to be delivered based on their size. Tables 2.3 – 2.6 outline the scales of
development at which each of the selected requirements were applicable for implementation.

[3] District & Larger Sized Structure Plan
Neighbourhoods as represented by
approximate circles of 400-450m
radius, together with town and
neighbourhood centres;
Density targets expressed as dwellings
per urban hectare;
Existing and proposed neighbourhood
centres;
Arterial routes and neighbourhood
connector streets;

[2] Local Structure Plan
Walkable neighbourhoods (400-450m
radius circles) around proposed
neighbourhood and town centres;

[1] Subdivision

Density targets expressed as dwellings
per site hectare;

Location of proposed footpaths and
shared paths;

Exisitng and proposed commercial
centres;

Proposed lot patterns and sizes;

Proposed natural features to be
Natural features such as water courses retained;
and vegetation;
Proposed street block layout;
Major open spaces and parkland;

Major public transport routes and
facilities;
Proposed land use distribution;
Proposed schools and community
facilities.

Proposed street network, inclusing
street types and path networks;
Proposed transportation corridoors,
public transport network and cycle and
pedestrian networks;

Proposed street network;

Location of any proposed detailed area
plans;
Location and size of proposed public
open space;
Location of proposed urban water
management measures.

Proposed land uses, including
distribution of medium and lowerdensity residential;
Proposed schools and community
facilities;
Proposed urban water management
measures.

Figure 2.1

Requirements to be addressed at the three scales of development permitted under
the Liveable Neighbourhoods Guidelines.
Modified from The Liveable Neighbourhoods Guidelines Edition 2 (Western Australian Planning
Commission 2000)
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The layout of any structure plan or plan of subdivision should contribute to an urban structure of highly interconnected
neighbourhoods and towns: the size and shape is generally defined by a five-minute walk from the neighbourhood centre
to its perimeter, typically 400m.

Neighbourhood centres should be in locations that are easily accessible to minimise the need to travel and within walking
distance of most dwellings;
They should be located and distributed to provide a centre for most residents in a 400-500 m walk;
At least 60% of dwellings within a 400m radius (safe walking distance) from an existing or potential (i.e. planned)
neighbourhood or town centre.

The centre acts as a community focus with a compatible mix of uses, including retail, which provide for a variety of daily
needs and may include community facilities and urban open spaces such as a small square.
These centres will typically include a minor supermarket together with a range of ancillary convenience tenancies.
They may also include some minor community facilities and should seek to include local office and higher density
residential.
The minimum requirements of are a small convenience shop, a public transport stop and a post box.

New town or district centres should be structured in a predominantly main street mixed-use layout, preferably multistorey, with on-street parking, and additional parking at the rear of buildings. All secondary streets should also be fronted
by development
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4)

Configuration of centres

Town centres should generally serve the main weekly shopping and community needs of the district.
Many are predominantly retail but are likely to include a limited mix of other uses such as offices, medical and
professional services, hospitality and entertainment and medium and higher density housing. Some also include or are
associated with civic, community and recreation facilities.

Town centres

3)

Neighbourhood centres

Centres uses and destinations:

2)

Access to centres

Neighbourhood centres

1)

Walkable catchments

Requirement

Community Design requirements selected for evaluation

Neighbourhood structure

Table 2.3
Small
subdivision

Medium
subdivision

Large
subdivision









Structure
Plan









Regional /
District

Centres are to be located and designed to support public transport– with bus stops within approximately 250 m of all
parts of the centre

6)

At least 60% of residential dwellings should be within a 800m radius of an existing or potential (i.e. planned) railway
station

A government or non-government primary school site should be located in one of three locations: 1) at the edge or
outside of the 400 m radius neighbourhood centre catchments, serving approximately three neighbourhoods; 2) on the
neighbourhood connector road between two neighbourhoods; or 3) near the centre of one neighbourhood

9)















Structure
Plan
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Large
subdivision

13) All streets bordering a school should be through streets. Culs-de-sac create congestion at set-down and pick-up times
and should only be considered as an interim measure



Medium
subdivision





Small
subdivision

12) A school site should be surrounded by a minimum of three streets, including a neighbourhood connector and a wider
access street

11) A network of local streets focussed towards a school should be identified and detailed to provide safe and efficient
pedestrian and bike access to the school. Specific safe routes to schools should be identified and detailed to encourage
non-car journeys to schools.

Primary school site street networks

10) The size of a government and non-government primary school site in urban areas should generally be as follows: 4ha for
a school site with self-contained designated playing fields and other recreational facilities; and a minimum of 3.5ha where
there is co-location with adjoining public open space

Size of primary school sites and playing fields

Primary schools (Government): One site per 1500 housing units

8)

Provision of primary school sites

Primary schools

7)

Train stations

At least 60% of dwellings should be within 400m safe walking distance of an existing or potential bus stop

5)

Bus stops

Public transport

Requirement



















Regional /
District
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20) No more than 20 lots should be located on any one cul-de-sac

19) No more than 15% of lots in a neighbourhood should be served by cul-de-sacs

Lots on cul-de-sacs

18) Where cul-de-sacs are located they should not exceed 120m in length.

Length of cul-de-sacs

Culs-de-sac

17) The urban structure of new areas should take into account the existing urban structure of adjoining areas and endeavour
to contribute to a more sustainable urban structure. The layout should allow connections to existing, committed, or
proposed development on adjacent sites, such that the layout of any structure plan or subdivision contributes to an urban
structure of highly interconnected neighbourhoods and towns.
“Street stubs should be provided at spacing’s of 200m or closer to enable street connections to be made to adjacent
future areas.

External connectivity

16) Residential developments should not be provided in gated street formats. Where lifestyle, retirement or other specialinterest developments are proposed, these should aim to maximise development on public streets, with good linkages to
surrounding urban areas.

Development format

Integrated development and external connectivity

15) The layout of streets should generally provide for perimeter blocks to facilitate connectivity with street block lengths of not
more than 240 m, and predominantly around 150-180 m in length and perimeters ≤620m1

Neighbourhood Permeability

14) The street network should be highly interconnected with the choice of direction and possible routes maximised.
It should provide a high level of internal connectivity and good external linkages for vehicle, pedestrian and bike
movements enabling relatively direct local vehicle trips in and between neighbourhoods and access to daily activities and
local activity points

Requirement

Movement network requirements selected for evaluation

Street connectivity

Table 2.4



















Medium
subdivision











Small
subdivision















Large
subdivision















Structure
Plan















Regional /
District
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26) On higher traffic volume streets, separate bike paths or dual paths may be necessary in particular cases for safety.

Off-Road Cycling Routes (cycle and shared paths)

25) In residential areas where projected traffic volume is less than 3000 vehicles per day, cycling should generally be onstreet, shared with cars.
A continuous local street system for cyclists parallel to arterial streets to supplement paved shoulders and/or cycle lanes
and shared paths along arterials should be provided wherever practical.
Cycle lanes should be provided on streets with projected traffic volumes of more than 3000 vehicles per day and near
schools, stations, centres or where long distance commuter cycling and recreational cycling is likely. Arterial roads should
normally incorporate a cycle lane for on-street cyclists.

On-Road Cycling Routes

Cycling networks

24) A footpath or shared path may also be required on both sides where pedestrian activity is high, i.e. where the path forms
part of a pedestrian link, e.g. near schools, shops, transit station etc

Footpaths Near Destinations

23) Arterial routes, access streets and neighbourhood connector streets must have footpaths or shared paths on both sides.
However, for cost reasons, footpaths may be omitted from one side of lower order access streets, unless the street forms
an important pedestrian link (e.g. to a school, centre or station) and where: Vehicle volumes and speeds are very low and
use of the street is considered safe and comfortable for pedestrian use and by people with disabilities; There is no
development fronting that part or side of the street; Topography or vegetation precludes provision; The street does not
connect or contain land uses which generate high levels of pedestrian activity

Footpaths on Arterial Routes and Neighbourhood Connectors

Footpath networks

22) Provide a network of streets with clear physical distinction between arterial routes and local streets based on function,
legibility, convenience, traffic volume, vehicle speed, public safety and amenity. Local streets should be provided parallel
to arterials. These should be designed to restrict vehicular speeds and provide needs for other users.

Arterial routes and local streets

Road hierarchy

21) Cul-de-sacs should be located in through street reservations with linking paths (minor street or laneways) for pedestrians
and cyclists.

Cul-de-sac Linking Routes

Requirement













Small
subdivision













Medium
subdivision













Large
subdivision













Structure
Plan













Regional /
District



28) Footpaths should be designed and located taking into account pedestrian amenity, sun and shade (appropriate street
trees should be provided in all streets for pedestrian shelter), postal deliveries and likely use patterns
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Small
subdivision

27) Street trees that provide a generous canopy at maturity should be planted in most streets (except rear laneways) for
pedestrian shade and shelter, streetscape amenity, and traffic management.

Streetscapes

Requirement





Medium
subdivision





Large
subdivision





Structure
Plan





Regional /
District





34) 20-30 dwellings per site hectare within 250 m of major bus stops
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35) 30-40 dwellings per site hectare in 400 m of metropolitan railway stations (25 dwellings per site hectare Ed.2)





33) 15 dwellings per site within 400 m of major bus stops





Regional /
District







Structure
Plan







Large
subdivision

32) 20-30 dwellings per site hectare in 400 m of town centres





Medium
subdivision







Small
subdivision



31) 12 to 20 dwellings per site hectare for standard lot layouts, distributed to achieve any required urban density or dwelling
yield set in a district structure plan

The development should include a range of residential densities that increase toward the neighbourhood and town centres,
railway stations and major bus stops to enable adequate (medium) housing density to be produced to support the facilities
and/or transport service is sought. The following minimum residential densities are suggested:

Residential density

30) Smaller lots (i.e. 350m2) and lots capable of supporting higher density should be located close to town and
neighbourhood centres, public transport and adjacent to high amenity areas such as parks (to achieve sufficient density
to support these facilities)

29) A variety of lot sizes and types should be provided to facilitate housing diversity and choice and meet the projected
requirements of people with different housing needs.

Requirement

Lot layout requirements selected for evaluation

Lot size and housing diversity

Table 2.5
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41) District parks should provide for a combination of passive (informal play areas) and active uses (formal playing fields) with
sufficient land to incorporate grassed areas for informal games, organised sport, hard surfaces for games such as netball
and basketball and natural and human-made differences in elevation

40) Larger spaces of around 2.5- 4 ha must be provided, with each notionally serving three neighbourhoods and should be a
600m-1km walk from most dwellings.

District Parks / Open Space

39) Parks of around 0.3-0.5 ha or larger must be provided for active (informal play areas) and passive use, each serving
about 600-800 dwellings and be a maximum 400m walk from most dwellings.

Neighbourhood Parks

38) Small intimate spaces up to 3000m2 in size (including small parks, special purpose parks and squares) should be
provided for local children’s play and as resting places within 150-300 metres (safe walking distance) to all dwellings.

Local Parks







37) It should integrate, where appropriate with other land uses such as schools and other community facilities and be
provided jointly wherever practicable with the drainage system

Park types



Small
subdivision

36) A minimum contribution of 10% of the gross sub-divisible area must be given up for public open space / parkland.
A discount of 2% may be agreed under certain circumstances.
Natural areas (including bushland and wetlands) and cultural features may be included in the provision of land for
neighbourhood and district parks where the relevant local government is in support

Amount of public open space

To ensure that public open space (POS) of appropriate quality and quantity is provided to contribute towards the recreational
and social needs of the community in convenient locations

Requirement

Public parkland requirements selected for evaluation

Parkland function and distribution

Table 2.6









Medium
subdivision









Large
subdivision













Structure
Plan













Regional /
District
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43) Parks should have streets on all sides or may have a portion of its perimeter (about 25%) directly abutting development
with footpaths that which provides adequate surveillance through frontage.

Surrounding Streets

42) Lots should be orientated to front and overlook parkland, public spaces and natural areas to enhance amenity while
contributing to personal and property security and deterrence of crime and vandalism.

Lot Orientation

Parkland frontage and surveillance

Requirement





Small
subdivision





Medium
subdivision





Large
subdivision





Structure
Plan





Regional /
District

2.2.4

Identifying requirement-specific measures

Having selected the LNG requirements to undergo evaluation, the next step was to identify methods
and measures with which to quantify the extent of their on-ground implementation. Figure 2.2

illustrates the steps taken to identify these measures. Each of the 43 requirements was first

reviewed to identify whether it indicated a standard for implementation and a clear quantitative
metric against which measures of compliance could be assessed. Examples of such requirements

were: “At least 60% of dwellings should be within a 400m walking distance from an existing or

planned neighbourhood or town centre”; and “where cul-de-sacs are located they should not exceed

120m in length”. Other requirements, however, were more ambiguous and failed to stipulate a clear

standard or threshold. An example of such as requirement from the movement network element

was: “The street network should be highly interconnected with the choice of direction and possible
routes maximised“. This requirement offered no information to determine what constituted a

‘highly connected’ street network. In such instances, any existing thresholds or levels identified

elsewhere from current literature (from both the physical activity and planning and transportation
fields) were applied.

The literature review also identified existing measures of the built environment that could be
applied to the policy requirements. These often required refinement and modification to better
measure the specific policy requirements. Where no suitable measures could be identified, new

measures and methods were developed in GIS. These were created using a mixture of existing GIS
data layers and automated processes and tools within GIS (ArcMap v9.3 and v10.0, ESRI) and

where necessary, the development of new GIS data layers and protocols. Multiple methods of
measurement of built environmental features suitable for a single policy requirement were

sometimes identified and generated. The most suitable of these for assessing policy compliance

was determined later.
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Measurable policy
requirement (n=58)

Is there a clear
standard for
implementation
indicated by the
requirement?

Is there an existing
measure(s) of the feature?

Yes
No

Are there existing
thresholds
identified by
literature that

No

Yes

No

Develop
new
measure /
GIS method

Use or
modify
existing
measure

Create
thresholds

Yes

Create scores to quantify policy
implementation

Figure 2.2
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Decision tree for identifying LNG requirement-specific evaluation measures

2.3

2.3.1

The RESIDential Environments project (RESIDE)
RESIDE housing developments

In 2003, the Department of Planning (DOP) identified on behalf of the RESIDE project 19 new

housing developments across Perth that had been planned and approved using the LNG policy.
The DOP also randomly selected 44 conventionally planned developments from a pool of new

development applications submitted under the conventional planning policies. The DOP also
identified ten so-called ‘hybrid’ housing developments. These included some LNG requirements but
had been submitted by the developers for approval under the conventional approvals processes.

2.3.2

RESIDE participant recruitment

The RESIDE study population comprised people who purchased land and built houses in each of the

73 new suburban housing developments identified by the DOP. All people building homes in the
study areas between September 2003 and March 2005 (n=10,193) were invited to participate in

the RESIDE project. Those eligible for inclusion were proficient in English; aged 18 years or over;
planning to move into their new home by December 2005; and willing to complete a survey and
wear a pedometer for seven days on three separate occasion over four years (n=5286 met these

criteria). A total of 2474 people were initially recruited to participate in the study, with 1813
completing and returning their baseline questionnaire (overall response rate of 33.4%).

2.3.3

RESIDE data collection

To allow for the study of self-selection and changes over time, RESIDE participants were surveyed
on three occasions:

 Time point 1 (T1 = 2003-2005): Baseline, in their old home whilst their new house was being
built (n=1813);

 Time point 2 (T2 = 2004-2006): One year after moving into their new housing development
(n=1464);

 Time point 3 (T3 = 2006-2008): Two years later, about three years after moving into their new
housing development (n=1230);
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In addition to the self-report surveys, temporally relevant GIS databases were sourced and
developed from a variety of government and non-government sources. These were used to develop
a comprehensive GIS platform to objectively assess a variety of built environmental features within

participants neighbourhoods across the three RESIDE study time points.

2.4

Selection of RESIDE data for the LNG evaluation

Although RESIDE was a longitudinal study, the LNG Evaluation was cross-sectional in design. The

majority of the housing developments selected for inclusion in the RESIDE project were being built
on greenfield sites (i.e. previously undeveloped land).

Because of the lack any existing

infrastructure on these sites, and the timelines required for the construction of the developments

from scratch, the timing of the LNG Evaluation was chosen to coincide with the third time point of

RESIDE data collection i.e., T3 - five to six years post commencement of the RESIDE study and
approval of the housing developments. This allowed for the greatest amount of construction to
have occurred within the study housing developments.

2.4.1

Selection of RESIDE housing developments

All 19 of the LNG approved developments identified for the RESIDE project were included in the
LNG Evaluation. Seventeen of the 44 conventional developments that matched the LNG approved

developments on their scale of development and locations (i.e. distance from the ocean) were
selected. The developments varied in size from small subdivisions to larger structure plans and
regional-scaled developments. The varied sizes provided an opportunity to investigate how the

LNG policy was being applied at different scales of development and at which scale (or scales) the

policy produced the greatest impacts. Figure 2.3 illustrates the location of the 36 selected RESIDE

developments across the Perth metropolitan region.
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Figure 2.3

Location of the RESIDE housing developments selected for inclusion in the LNG
Evaluation in Perth, Western Australia
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2.4.2

Defining the RESIDE housing development boundaries

The boundaries of the housing developments had been manually digitised by the RESIDE GIS
analysts. The ‘neighbourhood’ was defined by project RESIDE as a 10-15 minute walk from home,

on the basis that return trips to neighbourhood destinations up to a 15 minute walk from
participants’ home would meet the recommended 30 minutes of daily moderate physical activity by
walking. The study areas of interest for which all environmental (GIS) measures were generated
were based upon a 1.6 km road network service area from study participants’ homes. However,
depending upon the location of the participants’ residential address within the housing

developments, it was possible for these service areas to extend beyond the development boundary
and/or for the service area not to cover the full extent of the development.

This evaluation was specifically concerned with quantifying the levels of LNG implementation by

developers within their developments. The housing development boundaries were therefore used

as the study areas for which all evaluation measures were generated (Figure 2.4). However, the

LNG does stipulate desirable catchment areas from residential dwellings to community

destinations (e.g., neighbourhood centres, parks and bus stops) and highlights the importance of

integration with existing urban areas and adjacent developments. As such it was considered
pertinent to examine the areas surrounding the developments. This was especially important for

the smaller subdivisions that were unlikely to contain the community facilities, but from which
determining the access to these destinations was important. As such 800m Euclidean buffers were
generated around the developments within which certain requirements were also measured
(Figure 2.4).

Housing development
boundary

Figure 2.4
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800m Euclidean buffer around
housing development

Housing development and
800m buffer

Areas of interest for the generation of environmental measures

2.5

Stage of construction and excluded areas

The staged construction and timelines required for the building of the housing developments and

installation of infrastructure meant that areas of some of the housing developments were still

under construction or awaiting construction at the time of evaluation. As many of the policy
requirements were area-based, for example, the area of land that should be set aside for public

open space (i.e. 10%) or density targets, all undeveloped areas of land were excluded from the
study area.

All areas of undeveloped land were identified via a three-step process (Figure 2.5a): The Valuer
General’s Office (VGO) values every rateable property in Western Australia as a basis for assessing

land tax rates. A GIS database containing over 690,000 records (point features) of land use
activities across the Perth metropolitan area for 2009 was acquired by RESIDE (Valuer Generals
Office 2009). All VGO points attributed as ‘vacant land’ or ‘degraded or cleared land’ were selected.

The 2010 spatial cadastre database (Western Australian Land Information Authority 2010) was
then overlayed and all cadastre that contained a VGO vacant land point identified. This selected all

areas of land within the housing developed zoned as ‘vacant’ or ‘cleared’ land (Figure 2.5b). Each

housing development was then checked and any other areas of undeveloped land were manually
digitised (Figure 2.5c). Finally, the two layers were merged to create a single undeveloped land
polygon, the area of which was computed and a spatial join performed to attribute each to its
respective housing development.

The constructed land area of each development was computed (i.e., the gross land area -

undeveloped land area). This was then calculated as a proportion of the total development area

(percent constructed land area = [constructed land area ÷ gross land area] × 100). A categorical
variable identifying the stage of construction was then created using the percent constructed land

area variable: 1) 0% - ≤25% constructed; 2) >25% - ≤50% constructed; 3) >50% - ≤ 75%

constructed; 4) >75% - 100% constructed.
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A



B

Development boundary



VGO ‘vacant’ or ‘degraded or
cleared’ land cadastre



Other undeveloped land
manually digitised

C

Figure 2.5

Identifying undeveloped areas of land in the housing developments

2.6

Summary characteristics of LN and CN developments

Table 2.7 summarises the broad structural characteristics of the 19 liveable (LN) and 17

conventional (CN) developments included in the LNG evaluation. There was good balance on scale
of development except at the larger level where all the LNs were >300ha whereas most of the CNs

were 100-300ha. Seven regional-scaled LN developments had been identified by the Department of

Planning. However, only two regional-scaled CN developments had been identified for the RESIDE

project. The four largest CN structure-plan developments were therefore selected for comparison.

The average number of residential lots per development was similar (1740 vs 1714) but, on
average, LNs had a lower percentage of land area developed (98% vs. 91%) and were further from

CBD (31km vs. 21km). When comparing the housing developments by scale, four size categories

were applied: 1) small subdivision; 2) medium subdivision; 3) large subdivision; and 4) structure
and regional sized developments.
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Regional Plan
>300ha

Structure Plan
>100 - ≤ 300 ha

Large
sub-division
>60 - ≤ 100 ha

Medium
sub-division
>20 - ≤ 60 ha

Small
sub-division
≥0.5 - ≤ 20 ha

94.10
65.41
78.22

-

-

-

LN13

LN14

LN15
3188

2271

896

2918

-

-

-

-

632

1793

668

Mean =
1740.0

-

-

Mean =
79.71%

86.41

LN12

485

n = 19

77.09

LN11

384

446

48.95

LN10

470

376

23.09

91.19

LN09

LN19

84.49

LN08

479

376

78.07

97.72

LN07

58.65

93.12

LN06

371

LN18

91.93

LN05

180

117

LN17

83.98

LN04

85.95

100.00

LN03

48
102

LN16

99.64

76.41

LN02

LN01

Housing
Development

Mean =
30.75km

59.22

57.52

23.00

19.82

35.71

27.60

19.53

-

-

-

-

28.66

6.65

26.42

39.00

18.01

35.45

7.75

67.28

36.07

13.64

30.95

32.04

Liveable Neighbourhoods
No. of
Developed
Distance to
residential
Land Area (%)
CBD
lots

n = 328

1

13

12

45

73

14

49

-

-

-

-

15

11

22

23

10

2

17

10

4

2

2

3

No. of
RESIDE
participants

Summary characteristics of the liveable and conventional housing developments

Scale of Development

Table 2.7

n = 17

-

-

-

-

-

CD17

CD16

CD15

CD14

CD13

CD12

-

CD11

CD10

CD09

CD08

CD07

CD06

CD05

CD04

CD03

CD02

CD01

Housing
Development

Mean =
91.30%

-

-

-

-

-

91.40

85.05

91.73

98.07

96.37

84.50

-

97.74

86.30

72.27

97.96

82.43

93.22

95.43

98.46

98.32

97.83

85.00

Mean =
1714.5

-

-

-

-

-

2902

2058

1654

1604

1324

747

-

741

452

209

264

218

364

331

168

146

80

108

Mean =
21.13km

-

-

-

-

-

26.70

23.87

19.43

15.37

15.22

15.39

-

42.18

35.65

47.66

16.26

16.27

4.01

13.64

24.59

13.04

19.40

10.53

Conventional Developments
No. of
Developed
Distance to
residential
Land Area (%)
CBD
lots
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n = 336

-

-

-

-

-

63

42

47

18

15

39

-

21

3

10

15

8

11

15

9

6

3

11

No. of
RESIDE
participants

2.7

Acquisition of GIS data

A Geographic Information System (GIS) is a computer based tool used to capture, analyse and

display spatially referenced information (Brownson, Hoehner, Day et al. 2009). The development
of GIS-based measures to quantify and describe neighbourhood built environments has become
increasingly widespread.

The RESIDE project held a number of GIS-based data layers acquired from a variety of government

and non-government sources. These were used to develop a comprehensive GIS platform and the

development of a suite of objective built environmental measures across the three RESIDE study
time points (i.e. 2006, 2007 and 2009).

All GIS measures for the current LNG evaluation were

compiled using data obtained for the 2009 time point. Table 2.8 lists the RESIDE GIS data layers

used and the custodians from whom the data were obtained. Because these data were collected for
land management, taxation, or advertising purposes, rather than for examining associations with
walking they often required manual modifications to produce environmental variables that better
measured the specific LNG policy requirements.

Ortho-photography of the Perth metropolitan area captured in 2009 (Western Australian Land
Information Authority 2009) provided the visual back-drop against which the identification,

manual checking and digitisation of all built environmental features were based. A digital version
of the Perth metropolitan area street directory (Western Australian Land Information Authority

2009) was also used as a visual back-drop within ArcMap to help identify the locations of built

environmental features, including shopping centre boundaries, other non-residential land uses and
parks.
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Table 2.8

RESIDE GIS databases
Date of Capture /
Representation

GIS Data / Layer

Data Source / Custodian

Aerial Ortho-imagery

Landgate

2009

StreetSmart

Landgate

2009

Road Centrelines

Public Transport Authority

2009

Functional Roads Hierarchy

Public Transport Authority

2010

Footpaths

EcoRESIDE

2006

Bicycle Path Network

BikeWest

2010

VGO

Valuer Generals Office

2009

Cadastre

Landgate

2010

Public Transport Stops

Public Transport Authority

2009

Bus Service Routes

Public Transport Authority

2006

WA Schools

Department of Planning

2009

Post Boxes

Australia Post

2011

Yellow Pages2

Sensis

2009

WASLUC

Landgate

2009

Perth Public Open Space Layer

Centre for the Built Environment & Health

2011

Perth Public Open Space Audit

Centre for the Built Environment & Health

2011

2.8

Development of a residential dwelling layer

Many of the LNG requirements stipulated that certain features (i.e., centres or bus stops) should be

within specified distances of a given percentage of residential dwellings. It was therefore essential
to identify all residential dwellings within each of the housing developments. These formed the

basis for all residential density measures and the origins in all network analyses from which
accessibility to different features was evaluated.

The Valuer General’s Office (VGO) values every rateable property in Western Australia as a basis for
assessing land tax rates. A GIS database containing over 690,000 records (point features) of land

use activities across the Perth metropolitan area for 2009 was acquired by RESIDE (Valuer

Generals Office 2009). The 2009 VGO database included 75 ‘land use classification’ codes of

different residential dwelling types (Table 2.9). All VGO point features located within the housing

developments and that were classified under each of these 75 codes were selected. Where multiple

dwellings were present on a single lot (e.g. apartment block, subdivision of a lot with multiple
dwellings), these were represented by multiple point features stacked on top of one another (i.e.
one point feature per residential dwelling present).

These were distinguished as separate

dwellings, thereby providing a true count of the number of dwellings present.
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Table 2.9

VGO residential classification codes used to compile the residential dwelling layer

Aged Units

Group House

House - Shop

Quarters

Apartment House

Group Houses

House - Stable

Retirement Village

Apartment Houses

Guest House

House - Store

Retirement Village Unit

Bed Sit

Home Unit

House - Units

Row House

Benev Home

Home Units

House - Vineyard

Row Houses

Caravan Park

Hotel - Apartment

House - Workshop

Semi-Detached House

Cluster House

House

House & Studio

Semi-Detached Houses

Cluster Houses

House - Business

Houses

Shack

Cottage

House - Cottage

Houses - Market Garden

Studio House

Detached House

House - Farm

Houses - Shop

Terrace House

Detached Houses

House - Flat

Motel

Terrace Houses

Detached Strata

House - Flats

Multiplex Unit

Town House

Donga

House - Gallery

Nursing Home

Town Houses

Donga Unit

House - Grannyflat

Park Home Site

Triplex

Duplex

House - Kennel

Part House

Triplex Unit

Duplex - House

House - Land

Patio House

Villa House

Duplex Pair

House - Market Garden

Patio Houses

Villa Houses

Duplex Unit

House - Nursery

Penthouse

Flat

House - Orchard

Quadruplex

Flats

House - Shed

Quadruplex Unit

When checked against the 2009 ortho-photography, a number of dwelling structures were visible

but not represented by a VGO residential point feature (Figure 2.6a). This was probably because of

further construction after the compilation of the 2009 VGO dataset. 1 To overcome this problem, the
VGO layer was updated by manually digitising missing dwellings (Figure 2.6b).

These were

assigned attribute data to indicate its source, ensuring they could be distinguished from those

identified via the VGO dataset. The number of ‘missing’ dwellings varied by development. Overall,
14.82% of all residential dwellings within the final ‘residential dwelling layer’ were manually
identified (Table 2.10).

Table 2.10

Numbers of residential dwelling points identified from the VGO dataset and manual
digitisation
VGO

Manually Identified

TOTAL

Liveable Neighbourhoods (n=19)

14,360

2,543

16,903

Conventional Developments (n=19)

12,133

2,066

14,199

TOTAL

26,493

4,609

31,102

1

In reality the 2009 VGO dataset was representative of the land uses present in the preceding year (i.e. 2008). Upon
commencement of the evaluation a 2010 VGO dataset (reflecting the land uses present within the developments at 2009)
was not available.
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A

B

 Housing development boundary

VGO dwellings

Manually digitised dwellings

Figure 2.6

Identifying all residential dwellings within developments

2.9

Development of a pedestrian network layer

A digitised (polyline) data layer of over 500,000 road centre line segments reflecting the road
networks across the Perth metropolitan area as of 2009 were obtained from Main Roads Western

Australia (Main Roads Western Australia 2010). The location and design of freeways is beyond the

scope of the LNG (Western Australian Planning Commission 2004) and as pedestrians and cyclists

are prohibited on freeways in Western Australia, all freeway road centreline segments were
removed. The road centrelines layer also contained centrelines for “proposed roads” (i.e. roads
approved but not yet constructed). These were also removed.

Previous work has shown that ignoring pedestrian networks and routes underestimates the
walkability of some neighbourhoods (Chin, Van Niel, Giles-Corti et al. 2008). Notably, a study of

four conventional and traditional developments in Perth found that connectivity was 120% higher

in conventional developments using pedestrian networks (with cul-de-sacs and footpaths added)

compared with the road network alone (Chin, Van Niel, Giles-Corti et al. 2008).

The road

centrelines layer was therefore modified to include footpaths through parks or areas of public open

space and pedestrian access ways or cut throughs at cul-de-sac terminations (Figure 2.7). This

ensured that the road centrelines layer better represented the movement network possible by
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pedestrians. This was important given the focus of the outcome evaluation looking at associations
with walking behaviours. All study areas were visually inspected and any new laneways, footpaths

through parks or access ways at cul-de-sac termination points (i.e. connecting two cul-de-sacs or a

cul-de-sac to the wider road network) were digitised, ensuring that they were connected (i.e.,

‘snapped’) to the road network centrelines (Figure 2.7). Informal man-made tracks through /
across parks and other grassed areas were excluded. This decision was taken on the grounds that

the evaluation aimed to assess the pedestrian infrastructure installed and provided by the

developer. The ‘pedestrian network’ layer was used for all network analyses. In order to perform
connectivity and accessibility analyses (i.e. distance to features) in ArcMap this had to be converted
to a ‘Network Dataset’. This was done using the Network Analyst extension in ArcMap.

 Development Boundary
Figure 2.7
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 800m Euclidean Buffer Boundary

Creation of a ‘pedestrian network’

— Road Centrelines

— Pedestrian footpaths

2.10

Measuring the LNG requirements

Chapters 3 to 6, that follow, outline the development of the GIS measures that were devised to
assess the on-ground implementation of the LNG requirements selected for evaluation from the
community design, movement network, lot layout, and public parkland elements (and outlined in
Tales 2.3 – 2.6) within the 36 selected developments from the RESIDE project.

All of the measures were computed separately for each of the 36 developments (i.e. the numerators

and denominators of all equations reflect the numbers specific to each housing development). All

measures were generated using ArcGIS software and tools in ArcMap, versions 9.3 (ESRI ArcGIS
Desktop 2008) and 10.0 (ESRI ArcGIS Desktop 2011). The glossary of ‘GIS Tools and Terms’ at the

front of this thesis defines the common and tools and terms used in the development of the
measures and that are referred to throughout the methods sections that follow.

The chapters also present the results of this phase of the process evaluation, detailing the levels of
implementation of each of the measured requirements.

The results presented are largely

descriptive but include formal tests comparing levels of compliance within the two development

types. Tests comparing levels of compliance across the four levels of scale of development are also
presented. Chapter eight outlines the development of the scoring system devised to quantify the

levels of on-ground implementation within the developments against the intended outcomes of the
LNG (i.e., compliance).
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Chapter 3
Measuring Implementation of the
3.1

Community Design Element
Introduction

Traditional neighbourhoods tend to contain a diverse mix of destinations integrated within close

proximity of a variety of residential dwelling types. In contrast, conventional neighbourhoods
consist of uniform residential dwellings situated on large lots, with few (if any) destinations to walk

and are instead served by large auto-oriented shopping complexes such as big-box retail parks,

shopping malls and office parks. As such all work and leisure activities are usually undertaken

outside the neighbourhood. The community design element sets out objectives for designing

“complete integrated communities”, not segregated ‘housing developments’ typical of conventionally
planned suburbs (Western Australian Planning Commission 2004). Its contains requirements
detailing the structure of walkable neighbourhoods; the mixing of land uses and facilitation of

employment opportunities; and public transport systems (Western Australian Planning

Commission 2000). The LNG clearly anticipates coordination of new neighbourhoods, to integrate
land use and transport systems, at a district and regional scale.

As outlined in Chapter 2, for the purposes of the evaluation, community design requirements

addressing features relating to other elements were re-positioned under those relevant elements.

The evaluation of the community design element was thus focused upon the provision of
neighbourhood or town centres, primary schools and public transport.

53 | P a g e

3.2

3.2.1

Methods

Neighbourhood and town centres

A key intent of the community design element was to ensure that suburban environments provide
for the diverse daily needs of its community through the development of walkable local

neighbourhood or town centres which act as community focal points or hubs, with a concentration

of destinations and mixed land uses that attract people for a variety of activities (Western

Australian Planning Commission 2000). These are vital to support local walking as a part of daily
routine and providing people with the option to live in new areas without the need for a car. This is
a key point of difference from conventional practices in new suburban areas and underpins the
foundations of the community design element.

A digital layer identifying the ‘hubs’ of destinations located within the developments and the 800m
Euclidean buffers was created. Four databases were used to identify the locations of centres in GIS:

1) WASLUC; 2) VGO; 3) Yellow Pages; and 4) Streetsmart 2009. Land uses in Western Australia are
defined according to the Western Australian Standard Land Use Classification (WASLUC) (Ministry

for Planning 2000a; Ministry for Planning 2000b). The WASLUC codes included over 1000 detailed
land uses or services with unique numeric identifiers. Similarly, the The VGO data included land
use classifications identifying ‘shops’ and broader zoning codes and description categories

delineating ‘commercial’, ‘town centre’, ‘city centre’, ‘civic’ land use.

The Yellow Pages® contains

listings of registered businesses under 3000 plus headings (i.e. destination categories) and had

been used previously by RESIDE to identify destinations within participants’ service areas. These

data provided a source of destination-based information to help identify the spatial locations of all

neighbourhood centres.

Land uses and destination types previously associated with walking and those identified by the LNG

were selected from each of the datasets. These included retail-based destinations as well as

community, civic, social and entertainment destinations that generate activity outside normal

business hours and may help create successful and vibrant centres that encourage walking or active
transport.

Industrial, bulky-goods or showroom-based retail and auto-orientated land uses or

destination types (e.g. DIY stores, garden centres, furniture or major household appliance and
domestic-goods stores) that are not conducive to attracting patrons via walking were excluded.
The categories selected from each database are outlined in Tables 3.1 and 3.2.
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The selected destinations were overlayed onto ortho-photography of the study areas and

Streetsmart maps. Given the predominantly residential nature of the suburban developments it

was relatively straightforward to identify areas where any destinations were clustered or colocated (i.e. a potential neighbourhood or town centre). Potential centres were verified using

Google Street View (Google Inc., 2011) that provided an opportunity to “virtually” walk around the
centres. The boundaries of all centres were manually digitised. Car parks were included within
activity centre boundaries as these were important features affecting its configuration and design
(i.e. big-box).

Each development was assigned a binary variable indicating the presence (or

absence) of a centre.

Table 3.1

®

Yellow Pages , Valuer Generals Office and Streetsmart destination and land use
categories used to identify neighbourhood centres

Sensis – Yellow Pages Headings (Categories) 2009

Bakers
Barbers
Beauty salons
Books – retail
Books – second hand or
antiquarian
Butchers – retail
Cafes
Cake, pastry shops
Cards greeting – retail
Churches, mosques,
temples
Cinemas
Clothing alternations,
mending
Coffee – retail
Community Centres
Confectionary – retail
Credit unions, societies
Delicatessens
Dentists
Dry cleaners
Fish, seafood – retail
Florists – retail
Food or general stores
Food delicacies
Fruiterers, greengrocers
Gift shops

Hairdressers
Hobbies, model
construction supplies –
retail
Ice cream – retail
Laundries
Laundries – self service
Libraries – public Liquor
stores – retail
Lottery agents
Markets
Museums
Newsagents
Optometrists
Pharmacies
Postal services
Restaurants
Shopping centres
Souvenirs
Stationary – retail
Supermarkets, grocery
stores
Tailors – men’s
Take-away food
Theatres
Video libraries
Wine or spirit merchants

Valuer Generals Office
2009 – Zoning
Classification Description

Business
Central Commercial
Central Shop
City Centre
Commercial A
Commercial Zone 1
Commercial Zone 2
Church
Community
Community Centre
Community Facilities
District Centre
District Shopping
Local Centre 1
Local Centre 2
Local Centre 3
Local Shopping
Neighbourhood Centre
Neighbourhood Mixed Use
Public Purpose
Regional Centre
Retail Shop
Shopping Zone 1
Shopping Zone 2
Shopping

Streetsmart Digital
Directory

Shopping centres
Child health centres
Post office / agency
Petrol / service stations
Churches , mosques ,
synagogues
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Table 3.2

Planning Land Use Codes (bolded) and WASLUC categories used to identify
neighbourhood centres

ENT – ENTERTAINMENT / RECREATION / CULTURE
Activities which provide entertainment, recreation and culture for the community and which occur in building
and/or on land, such as passive and active sports venues, museums, amusements, gambling services, hotels
and drinking places (alcoholic beverages) – hotels
Drinking places (alcoholic beverages) – taverns
Nightclubs
Amusements
Entertainment assembly
Fairgrounds and amusement parks
Marinas
Amphitheatres
Motion picture theatres
Drive-in theatres
Live entertainment theatres
Other entertainment assembly
Horse racing and trotting tracks
Dog racing tracks

Motor vehicle and motor bike racing track
Auditoriums
Penny arcades and electronic amusements / arcades
Gambling services (except lotteries)
Cultural activities
Libraries
Museums
Art galleries
Exhibition halls
Aquariums
Gymnasiums, health clubs and martial arts clubs
Public assembly, miscellaneous services

SHP – SHOP / RETAIL
Any activity which involves the sale of goods from a shop located separate to and/or in a shopping centre.
Restaurants and cafes
Hairdressers, beauty salons
Florists – retail
Beauty salons
Sporting goods, bicycles, toys & hobbies-retail
Gifts, novelties & souvenirs-retail
Second-hand merchandise - retail
Retail trade - general merchandise
Electronic equipment and parts retail
Cameras and photographic supplies - retail
Craft and art supplies - retail
Booksellers
Bicycles – retail
Retail trade - apparel and accessories
Footwear – retail
Women's,girls' and infants' wear stores-retail
Men's and boys' clothing - retail
Antiques and secondhand merchandise – retail
Watchmaker and jewellers – retail

Department stores - retail
Combined men's & women's clothing stores- retail
Accessories retail
Take away food
Supermarket and grocers
Retail trade - food
Retail trade - eating and drinking
Newsagents,stationers,booksellers & crafts
Newsagents
Meats and fish
Liquor – retail
Grocers, confectioners & tobacconist
Health foods
General stores
Fruits and vegetables - retail
Fish and seafood’s - retail
Delicatessen
Confectioners and tobacconists
Bread and cake stores

SER – SERVICE INDUSTRY
This category includes service industries offering a range of services. The scale and environmental impact of
such activities require their separation from other land uses. These services include film processing, cleaning,
motor vehicle and other repair services.
Photographic film processing
Pharmacies, chemists
Men's hairdressers

Lotteries operation
Laundering, dry-cleaning & dyeing services
Laundering ( self-service)

HEL – HEALTH / WELFARE / COMMUNITY SERVICES
Includes government, government-subsidies and non-government activities which provide the community with
a specific service, such as hospitals, schools, personal services and religious activities.
Veterinary services
Pet services
Day care centres, crèche and nurseries
Youth group services
Community organsiations
Police
Church and community halls
Churches, synagogues & temples
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Optometry and optical dispensing
Dental practices
Community health centres (medical)
Other specialist medical practices
Dental practices
Psychology practices
Other health services

3.2.2

Walkable neighbourhood catchments

Neighbourhood centres were intended to serve walkable catchments of 400m. A ‘pedshed’ is a

measure of the walkable catchment area of a specific destination. Operationally, it is defined by

LNG as the ratio of the actual area within a five- to ten-minute walking distance (i.e. 400m service

area) to the theoretical area within a five- to ten-minute walking distance (i.e. 400m Euclidean
distance buffer) from any centre (Western Australian Planning Commission 2000). Higher ratios
indicate better levels of walkability. The LNG indicates that a good target is to have 60% of the area
within a 400m walking distance.

Pedsheds were computed for each of the centres situated within the developments using a three

step procedure: 1) 400m Euclidean buffers (i.e. ‘as the crow flies’) were generated around all

centres (using the centroid point feature). The ‘actual area’ (AA) within the 400m Euclidean was
computed; 2) 400m ‘walkable service areas’ (WSA) were generated around the centre points,
representing how far a pedestrian could walk from the centre in any direction up to 400m along the
pedestrian network.

These were generated using the pedestrian network created for the

evaluation. The area within the WSA was computed; 3) the centre’s pedshed was calculated using
the formula WSA ÷ AA. Pedshed scores range from 0.0 to 1.0 with a higher score indicating a more
walkable environment surrounding the centre.

3.2.3

Access to neighbourhood centres

LNG sets out a standard for the development of ‘walkable neighbourhoods’ through the proportion
of residential dwellings (i.e., 60%) that should be within a 400m walking distance of a

neighbourhood or town centre. Using the OD Cost Matrix tool in ArcMap, network analyses were

run along the pedestrian network, from all residential dwelling points to the centroid points of all
neighbourhood centres. For each development (separately), the average distances to the nearest

neighbourhood centre from all residential dwellings; and the percentage of residential dwellings
within 400m of a centre were computed.

3.2.4

Configuration of neighbourhood centres

A key community design principle relates to the configuration of the neighbourhood and town

centres. Conventional shopping centres tend to cater generously for cars, but not for alternative
modes of transport (Naess 2005). The areas around shopping centres can be dangerous and hostile

or intimidating landscapes for pedestrians and cyclists as there are often insufficient footpaths,
marked crossing areas and traffic controls.

Pedestrians are forced to navigate through vast
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expanses of car parking lots where cars have ‘right of way’ (Falconer 2008). Faced with such
hazards there is added incentive for people to drive to the centre, even if they live within a
comfortable walking distance (Falconer 2008).

Figure 3.1 illustrates the differences in

environment around two neighbourhood centres in Perth, WA. The top photo is of a main-street

centre clearly designed and welcoming of pedestrian movements. The bottom photo depicts how

even a relatively small shopping complex in Perth (typical of the neighbourhood centres identified
within the evaluated development) presents a range of hazards for active transport users.

The LNG places emphasis on creating more traditional main-street mixed-use centres where
pedestrian-scaled, street-fronting retail layouts predominate. This design and layout encourages

walking, cycling access, not just car access. The configuration of all centres located within the
developments was assessed using the ortho-photography (Western Australian Land Information
Authority 2009) and Google Streetview (Google Inc., 2011) (Figure 3.1).

Top: Examples of main-street configured centres identified via ortho-photography (top-left) and Google
Streetview (top-right);
Bottom: Examples of mall or box configured centres identified via ortho-photography (bottom-right) and
Google Street View (bottom-left)

Figure 3.1
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Identifying centre configurations using ortho-imagery and Google Street View

3.2.5

Neighbourhood centre destinations

The diversification of land uses and destinations away from predominantly retail-focused or singleuse centres was a major objective of LNG to create hubs of destinations with sufficient diversity to

be useful walkable nodes or a regular destination for the majority of the population. A small retail

store with a bus stop and post box are minimum components of neighbourhood centres. They may
also include some minor community facilities. Town centres are generally bigger, serving the main

weekly shopping and community needs of the district (i.e., six to nine neighbourhoods). LNG
intends for these centres to include a limited mix of uses other than retail such as offices, medical
and professional services, hospitality and entertainment and medium and higher density housing.

They may also include civic, community and recreation facilities. All neighbourhood centres
underwent assessment for their diversity of destinations and the presence of the minimum uses.

Identifying destinations in centres
Commercially-derived destination data
A key objective of RESIDE had been to develop objective measures of destinations within study

participants’ neighborhoods (i.e. 1600m service areas). The Yellow Pages® contains listings of
registered businesses under 3000 plus headings (i.e. destination categories) and was identified as a
data source of destination types of interest for the RESIDE project.

RESIDE had previously

purchased Yellow Pages® listings from Sensis Pty. Ltd (the data custodians of the Yellow Pages® in

Australia) for each of the study time points, including an extract in 2009 for time-point 3 of the
study.

Sensis extracted and geocoded all businesses listed under a sub-set of Yellow Pages

headings (n=247) requested by RESIDE from both the printed and web-based Perth Metropolitan

Yellow Pages® listings. The selected categories reflected the types of destinations listed in the
Neighbourhood Environment Walkability Scale (NEWS) and in the RESIDE participant survey

(based on NEWS items). The candidate conducted a study to validate the accuracy of the Yellow
Pages representation of the presence and numbers of different types of destinations against an on-

the-ground field audit. This study and its results are presented in Appendix 2. In brief, the results

showed considerable variation between different extracts from the same commercial dataset, and

appreciable over- and under- counting of different destination types compared to field audit

findings. The results suggested that the Yellow Pages® data may be over- and under-estimating the
true exposure of destination numbers and types, potentially providing an inaccurate measure of the
‘destination mix’. As a result of the findings Sensis was asked to alter it data extraction and
geocoding processes to increase the number of businesses included in the dataset obtained and
thus improving its completeness.

59 | P a g e

Cadastre land-use data
A digital cadastre-based land use layer was previously created for RESIDE. Land uses were
allocated to cadastral parcels on a mutually exclusive basis, based on a single-use hierarchy of

preference defined by the Ministry for Planning Western Australia (Ministry for Planning 2000b;

Ministry for Planning 2000a). This single-use hierarchy meant that where multiple land uses were

present on the same parcel, the land use with the highest hierarchical order was used to classify the
cadastre (Christian, Bull, Middleton et al.). The lack of sensitivity and specificity of this layer,

through the allocation of single uses to the cadastre (where a multi-classification may have been

more appropriate to fully capture the reality of land uses on the ground), and the broad nature of
the VGO land use classification schema was a limitation of this existing RESIDE land use layer. The

land-use categories contained within the VGO and WASLUC (Government-based) databases were
too broad (i.e. “shop / retail”) to discriminate between specific destinations of interest (e.g.
supermarket, pharmacy, bank, cafe) that may encourage active transportation choices and walking.
Virtual audits of neighbourhood centres
Following the problems identified with both the Yellow Pages® and broad classification of the

existing RESIDE cadastre-based land use layers; an alternative methodology was employed to

ensure an accurate representation of the destinations present. Due to the dispersed locations of the

housing developments field audits of the centres (n=95) would have incurred significant costs in
terms of time and money. Thus, alternative desktop methods were explored. Electronic imagery

from Google Earth and Streetview has been successfully used to audit public open spaces (Edwards,

Hooper, Trapp et al. 2013; Taylor, Fernando, Bauman et al. 2011). Clarke et al (2010) also assessed
the reliability of Google Street View for carrying out neighbourhood audits. These methods showed

promise with high Kappa coefficients (against field audit data using the same instrument) for
identifying a variety of destination types, such as convenience stores (0.924), supermarkets or
grocery stores (0.941), fast food or take-away outlets (0.924), other restaurants or eating places

(0.932), bar or cocktail lounge (0.931) and liquor stores (0.962), as well as banks (0.962) and
pharmacies (0.958).

Given detailed imagery of Google StreetView, its coverage across the evaluation study areas and the

promising results of other studies, ‘virtual’ audits were undertaken of all centres (n=95). For main
street-based centres, where the shops or businesses were located along the road network with
minimal setbacks, the destinations were clearly identifiable and distinguishable from the Street

View imagery (Figure 3.2). Many of the centres took the form of small shopping centres and box-

style centres. Destinations within these were identified via a combination of three methods: 1) a

virtual walk around the perimeter of the centre identified all external-facing destinations; 2) store
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directory signs or advertisement boards positioned along the road network or at car park entrances

listing the businesses present; 3) an internet search of shopping centre names to access store
directories.

Top: Main street centre: Rokeby Road, Subiaco, Perth, WA; Bottom Left: Halls Head shopping centres, Halls
Head, Perth WA; Bottom Right: Quinns Village, Quinns Beach, Perth, WA) (Source Google Earth Street View).

Figure 3.2

Identifying destinations in main-street or box configured shopping centres using
Google Street View

A total of 2673 businesses (i.e. destinations) were identified. Destinations were classified based on
the specific needs or purposes of a trip, the types of goods sold, services offered and activities

undertaken at that destination (Guy 1998). These were considered to be more relevant to different
physical activity behaviors. Each business was assigned to one of 29 destination categories under
one of eight broader land use categories as outlined in Table 3.3.
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Table 3.3 Classification of destination types
Retail Trade: Goods and Services
1.

Convenience Goods







Supermarkets and convenience stores
Speciality food stores (e.g., butchers, greengrocers)
Liquor stores and bottle shops
Newsagents and confectionary retailers
Service station shops

2.

Retail Goods








Fashion, footwear and accessories
Jewellery stores
Books, games, music, DVD and video
Cards, souvenirs and gift stores
Personal electronic and telecommunications
Variety and discount stores

3.

General services







Hair and beauty
Banks and finance
Personal health (e.g., pharmacies)
Video / DVD rental
Laundry, tailoring and cobblers

Health, Welfare and Community Services
4.

Medical and Health care Services





Medical centres and GP surgeries
Dentists
Other medical and health services

5.

Places of Worship



Churches, mosques, temples and synagogues

6.

Community Services and Facilities





Community centres
Day care centres / crèche
Libraries

Recreation, Leisure, Arts and Entertainment Services and Facilities
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7.

Eating and drinking Out




Restaurants, cafes and fast food outlets
Drinking establishments (hotels, taverns, pubs, bars, wine bars, nightclubs)

8.

Entertainment and Amusement Places






Cinemas, theatre and concert halls
Museums and art galleries
Gaming and gambling venues
Sporting venues (spectator)

Destination diversity scores
Binary variables were computed for each centre, indicating whether destinations from the eight

land use classes were present or absent. A sum score was created across the land use classes to
give a total destination diversity score out of eight. Destination diversity scores of all centres

present within the housing developments and those accessible by residents within 400m were
identified.

Minimum centre uses
Each of the centres was assessed for their inclusion of the three destinations identified as a
minimum requirement in LNG. Centres were assigned binary variables indicating whether each of

the three features were present or absent. Sum scores (i.e., 0 to 3) were then computed. A score of

three indicated all uses were present. The methods used to identify each of the three features are
detailed below.

Small retail or convenience store
The presence of any of the following destination types (i.e. categories) was used to indicate the

presence of a “small retail store” within the centre: ‘supermarkets and convenience stores’,

‘specialty food stores’, ‘newsagents and confectionary retailers’, or ‘service station shops’
Post boxes

A dataset containing the geocoded locations of all active street post boxes (n=1339) across the

Perth metropolitan area was acquired from Australia Post (Australia Post 2011). This was used to
locate all Post Boxes within the evaluation study areas and identified activity centres. Using the
‘select by location’ tool, all post boxes that were within the centre boundaries were identified and

attributed as being located within that respective centre.
Bus stops

A digital containing 12,570 point features representing public transport stops across the Perth
metropolitan region in 2009 was obtained from the Department of Transport (Public Transport

Authority 2009). This included all bus stops, train stations, designated school bus stops and ferry

terminals. For the purposes of this evaluation, only public bus stops and train stations were of

interest. The smaller neighborhood centres were however unlikely to have a bus stop positioned

within the boundaries of the centre.

However, bus stops were often located on the roads

immediately adjacent to or bordering the centres (Figure 3.3). A simple selection of the bus stops
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located within centre boundaries then would likely have resulted in an underestimation of the bus

stops servicing the centres. As such, 50m (Euclidean distance) buffers were generated around all
centre boundaries. This distance was great enough to cover any surrounding roads on which bus

stops could be located. Using the ‘select by location’ tool, all bus stops that fell within or intersected
the centre boundary or 50m buffer were identified and spatially joined to the respective centre.
Binary variables were then computed to indicate the presence or absence of a bus stop.

— Centre boundary;

— 50 metre buffer;

 Bus Stop;

— Bus route

Figure 3.3

Identifying bus stops within 50 metres of neighbourhood centre boundaries

3.2.6

Public Transport

A major objective of the LNG was to provide a comprehensive bus network with stops that were
accessible on foot from most residential dwellings. As highlighted in Chapter 2, it sets standard for

accessibility to bus stops and train stations; at least 60% of residential dwellings should be within

400m of a bus stop and 800m of a train station. Access to bus stops and train stations was assessed

for all developments, using the residential dwelling layer as the housing development populations of
interest.
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Access to bus stops
Using the OD Cost Matrix Tool, network analyses were run along the pedestrian network from each

of the residential dwelling points to all bus stops 1.

Summary statistics identified, for each

development, the average and minimum (i.e. nearest) distances to bus stops from all residential
dwellings.

For each development, the proportion of residential dwellings within 400m of a bus

stop was computed as a percentage of the total number of dwellings

Access to train stations
Service areas, extending 800m along the road network were generated around all train stations.

For each development, the number of dwelling points that fell within the service areas was

calculated as a percentage of the total number of dwelling points within that development. Service

areas were generated and these processes repeated at three other distances: 1.6km, 5km and
10km.

Access via public transport
The measures described above are concerned with determining whether individuals can reach a

transport stop within a walkable distance from home. However, it is important that people can
undertake longer trips (for which it is not feasible to walk or cycle) by public transport without
significant burden (i.e. time).

‘Accessibility’ in a wider sense then describes an individual’s

opportunity and ability to reach desired goods, services, activities and destinations (Litman 2003).

It is therefore also important to consider the places residents can reach when travelling via public

transit (Mavoa, Witten, McCreanor et al. 2012). Indeed, LNG does intend for neighborhoods to be
well integrated with regional public transport services. An assessment of the different bus routes,
and number of daily services through the housing developments was undertaken. A greater

number of different bus routes were taken as an indication of greater accessibility to/from the
developments, in terms of a greater variety of locations residents could access from their
neighbourhood.
Bus routes
The public transport data obtained from the Department of Transport also included a polyline file
of bus service routes across the Perth metropolitan area (Public Transport Authority 2009). This

contained a series of attribute data identifying the unique route numbers and the number of
services on that route, during normal weekday and weekend service. This bus service layer was
1

A maximum search distance and cut-off point of bus stops within 2km from each residential dwelling point was used.
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overlaid with the housing development boundaries and all routes spatially joined to the housing

development they intersected or passed through. Service route lines operating between the same

pair of origins and destinations but in different directions (i.e. A to B vs. B to A) had the same route
number and was classed as one route. Data were exported to an Access database where the
numbers of unique bus routes servicing each housing development, and thus indicating service to
different locations, were identified.
Bus services
Data were also extracted from the Access database identifying the number of services on each of

the routes intersecting the housing developments (including those between the same pair of origins

and destinations but in different directions). Aggregate variables were computed to indicate the
total number of weekday and weekend bus services for each housing development.
Public transport services to centres
In order to encourage public transport use to the neighbourhood centres, the LNG also stipulates
that bus stops should be provided within 250m of the centres. Service areas extending 250 metres

along the road network were generated around all bus stops. Using the ‘select by location’ tool all

centres that intersected a bus stop service area, and were therefore within 250m of a bus stop,

were identified. Each centre was assigned a binary attribute indicating whether it had (at least
one) bus stop accessible within 250m walking distance of its perimeter.

3.2.7

Primary Schools

School sites were identified as important elements in the design and establishment of sustainable
communities. The social value of primary schools in particular was seen as having a vital role in the
development of suburban areas. LNG sets out guidance for the preferred location of primary school
sites and the catchment areas they should serve. Under LNG, schools sites should be located and

designed to promote safe walkability, cycling and access by public transport. The LNG also offers
guidance on the road networks surrounding the schools, which is important to create pedestrian

and cyclist friendly routes to school. A number of measures were developed to assess the provision
of primary school sites within the developments and the accessibility from residential dwellings
against the LNG standards.

All schools situated within the developments underwent further

assessment of their site characteristics. This included assessments of the size and provision of
playing fields as well as the surrounding street networks.
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Identifying primary schools
A spatial dataset with the geocoded locations (n=1179 point features) of all primary, secondary and

tertiary school sites across metropolitan Perth was compiled by the CBEH GIS analysts from schools
data provided by the Department of Education and the Department of Planning (Department of

Planning & Department of Education 2009). All primary school points located within the

development boundaries were identified and binary attributes were assigned to each development
indicating the presence or absence of a primary school site.

Accessibility to primary schools
Network analyses were run along the pedestrian network from all residential dwelling points to all

primary school points 2. Summary statistics were generated in an Access database to identify, for

each development, the average and minimum (i.e. nearest) distances to primary schools from all
residential dwellings. One of the desirable locations for primary schools was “at the edge or outside

of the 400m radius neighbourhood catchment areas”. The percentage of residential dwellings
within 400m of a primary school was therefore also calculated.

Size of school sites
The LNG also sets out a series of standards relating to the size of primary school sites in relation to
its provision of designated or co-located (i.e., shared) playing fields. Polygons were digitized

around the boundaries of all primary school sites within the developments, encompassing all of the

school grounds, buildings and playing fields. The area of each polygon was computed and variables
generated to indicate the presence or absence of playing fields within the school grounds, or
whether they were co-located as adjoining shared open space.

School site street networks
School-specific walkability index
The street networks within 400m walkable service areas around the school sites were assessed for
their levels of walkability, as encouraged by LNG. As part of the Travel Environment and Kids

(TREK) Project a school-specific walkability index (SWI) was developed for government primary

schools across metropolitan Perth, WA, using GIS. This was developed using two spatial measures

that were then summed together: 1) the pedshed using a pedestrian network; and 2) road volume
exposure (Giles-Corti, Wood, Pikora et al. 2011). A modified version of the TREK school-specific

2

A maximum search distance of primary school within 2km from each residential dwelling point was used.
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measure was used to assess the safety of the road networks surrounding the primary school sites
within the developments.

Pedsheds were computed for each of the schools situated within the RESIDE housing developments
using the same three step procedure used for the neighbourhood centre pedsheds (section 3.1.2).

Traffic exposure has been shown to be important for children’s active travel behavior (Giles-Corti,

Wood, Pikora et al. 2011). The TREK study previously utilised the Functional Roads Hierarchy

(GIS) dataset to gain a measure of road volume exposure. The “Road Function Type’ attribute
details the exposure of number of vehicles per day on each respective classification of road type

(Table 3.4). These data were previously used by TREK as a proxy of traffic volume (Giles-Corti,

Wood, Pikora et al. 2011). Using a “line summary script tool’ developed by the RESIDE project’s GIS
analysts (Beasley 2011), the total length (km) of each road function type was calculated within the

400m walkable service area. The length (km) of the lower volume roads (i.e. the access roads)

were summed together and divided by the summed length (km) of all roads. Greater ratios (i.e.
towards 1.0) indicated lower road volume exposures and an increased walkability of the area
surrounding the school.
Table 3.4

Functional Road Hierarchy GIS Layer: Road Types and Traffic Volumes
Road Function Type

Road Volume (Number of vehicles per day)

Primary / Regional Distributor (PD)

>15,000

District Distributor A (DDA)

>8,000

District Distributor B (DDB)

>6,000

Local Distributor (LD)

6,000 max

Access Road (AR)

3,000 max

An overall School Walkability Index was then calculated by summing the pedshed and road volume
exposure ratios for each school, resulting in a possible score of 0 to 2. A higher score indicated a
more walkable environment within the 400m service area surrounding the school site.
Surrounding Streets: School Perimeter Roads Ratio
The LNG provides guidance on the number of streets that should surround a school site. This is

important for accessibility but also for passive surveillance opportunities. A number of processes

were undertaken in GIS to identify the proportion of the school boundary (i.e. its perimeter) that
was bordered by streets.

68 | P a g e

Twenty-five metre buffers were generated around all road network centerlines and the school
boundary polygons converted to line features (Figure 3.4a). Using the ‘clip’ tool, all portions of the
school boundary lines that intersected the road buffers were isolated (Figure 3.4b).

This

represented the portions of the school site perimeter with a surrounding road within 25m. The

length of these line segments was computed and calculated as a percentage of the school boundary
(perimeter) line.

B

A

 School site boundary
Figure 3.4

25m Road buffer

 Perimeter sections within road buffer

Identifying proportions of the school perimeter bordered by streets

Culs-de-sac
The LNG also provides guidance on the type of roads that are inappropriate around school sites,

specifically that the use of culs-de-sac around the site are discouraged. Each school site was
manually assessed for the type of road bordering the school site and binary attributes assigned to

indicate if any surrounding roads were cul-de-sacs, or no surrounding roads terminated in cul-de-

sac dead-ends.
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3.3

Results: Implementation of the community design
requirements

The following sections outline the levels of implementation of the community design element in the

19 liveable (LN) and 17 conventional (CN) developments included in the RESIDE project. The
results presented are largely descriptive but include formal tests comparing levels of compliance
within the two development types. Tests comparing levels of compliance across the four levels of
scale of development are also presented.

3.3.1

Community design features present

All developments were assessed for the presence of five community design features required by

LNG: 1) a neighbourhood or town centres; 2) primary schools; 3) post boxes; 4) bus stops; and 5)3)

train stations. Table 3.3 indicates which of the community design features were present in each

development. No development contained all five of the community design features. Provision of
the different features is outlined below.

Of the larger scaled developments (structure plans or regional), four of the seven LNs (57.1%) and
three of the six CNs (50%) had neighbourhood or town centres present. Two LNs (LN13 and LN16)
contained two neighbourhood centres. Three of the seven regional-sized LNs did not contain
centres; however around 40% of their total land area remained undeveloped at the time of

evaluation. It is possible that centres are planned but not yet constructed. Indeed, a number of
developments displayed signs indicating that future mixed use areas of town centres were

following (Figure 3.5). With the exception of CD07, no other subdivisions (small-, medium- or
large-) contained a neighbourhood or town centre, which was consistent with the expectations of
the LNG.

Figure 3.5
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Examples of advertising boards indicating sites for future neighbourhood or town
centres within the RESIDE developments

Table 3.5
Scale of
development

Community Design Features Present within the Study developments
“Liveable”
housing
development

Post Box

Bus Stop

Train Station

Neighbourhood
or Town Centre

Primary
School

LN01
LN02


LN03
Small subdivision

LN04
CD01
CD02


CD03
CD04
LN05
LN06



LN07



LN08
Medium subdivision

LN09

Structure
Plan*

Regional*







CD05
CD06

Large subdivision



CD07



CD08



CD09



LN10



LN11



LN12



CD10



CD11



CD12








CD13





CD14









CD15









LN13





×2

×3

LN14





LN15







×3

LN16





×2

×2



×2

×2



LN17
LN18








LN19
CD16





CD17










×2

* Community design feature is applicable based on the scale of development;  = Feature present;
×2 indicates where multiple neighbourhood centres were present within the development.
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Six of the seven LNs (85.7%) and five of the six CNs (83.4%) at this structure plan or regional scales
had primary school sites present within the development boundaries. Four of these LNs and three

of these CNs provided both neighbourhood centres and primary schools. Many of the larger
developments contained two primary school sites. With the exception of CD07, none of the
subdivisions (small-, medium- or large-) contained primary schools.

All developments at the structure plan or regional scale (both LN and CD) contained bus stops
within their boundaries. Only one development (LN19) contained a train station. The majority of
the smaller-scaled subdivisions also contained bus stops (7 of the 12 LNs [58.3%] and 7 of the 11

CNs [63.6%]). Of the structure plan or regional–sized developments, five of the seven LNs and five

of the six CNs contained as post box as required by LNG. Two medium-sized subdivisions (LN09
and CD06) also contained a post box.

3.3.2

Walkable neighbourhood catchments

Pedsheds were computed as a measure of the walkable catchment from all neighbourhood centres

within the developments.

Centres present within CN developments had significantly higher

(p≤0.05) pedshed values (59.6%) compared with LN centres (47.4%) (Table 3.6). Just one centre,
present within a CN development, met the LNG target of ≥60% of the actual area within a five- to

ten-minute walking distance (i.e. 400m walkable service area) to the theoretical area within a five-

to ten-minute walking distance (i.e. 400m Euclidean distance buffer). Pedshed values ranged from

39.7% to 57.2% around LN centres and from 57.1% to 61.9% around CN centres.

3.3.3

Access to Neighbourhood Centres

Residential dwellings within 400m of a neighbourhood centre
On average, just 8.4% of all residential dwellings across the 36 developments had access to a
neighbourhood or town centre within 400m. There were no significant differences in access to
centres by development type with 8.2% of LN and 8.7% of CN residences within 400m of centres

(p=0.944) (Table 3.6). When assessing wider catchment areas, 22.7% of residential dwellings were
within 800m of a neighbourhood centres and 63.8% within 1600m walking distance.

Only one development (LN02) met (and exceeded) the LNG standard with 82.0% of its residential

dwellings within 400m of a neighbourhood centre. Three developments (one LN and two CNs) had
figures approaching the policy standard with 35.3% 58.8% and 38.3%, respectively, of dwellings

within 400m of a centre. These three developments were small subdivisions, and thus the centres
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were located externally to the developments. The proportion of residential dwellings having access

to a centre within 400m ranged from 0.0% to 82% across the small-, medium- and large-scaled LNs
and from 0.0% to 58.8% of across the small-, medium- and large-scaled CNs. Notably, twelve of the

23 small-, medium- and large-scaled developments (LN=6 and CN=6) had no residential dwellings
within 400m of a local neighbourhood or town centre.
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Figure 3.6

Percentage of residential dwellings within 400m 800m and 1600m of a neighbourhood
or town centre by LN developments
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Figure 3.7

Percentage of residential dwellings within 400m 800m and 1600m of a neighbourhood
or town centre by CD developments
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Of the four LN regional-scaled developments with an activity centre present, none met the LNG
policy standard for accessibility.

Similarly, all three structure plan and regional-sized CN

developments with centres failed to meet this LNG standard. This is likely to be due to the low

residential densities observed, both development-wide and within the 400m catchment areas: The
average net residential densities within the LN and CN centre catchments was 17.5 dwellings per

hectare (range 14.23 – 20.93) and 16.0 dwellings per hectare (range 14.40 - 17.19), respectively.

This falls well below the LN standard of 20-30 dwellings per hectare within 400m of

neighbourhood or town centres. The six structure plan and regional-sized developments (LN=3

and CD=3) without centres all performed extremely poorly: All three LNs (LN14, LN17, LN19) and
two of the CNs (CD12, CD16) had no residential dwellings within 400m of a local (neighbourhood
or town) centre. Only 8.6% of CN15’s dwellings were located within 400m of a centre.

Despite the better access of some of the smaller developments to centres, there were no significant

differences in the proportion of residential dwelling within 400m from a centre by scale of
development.
Table 3.6

Mean distances and
development type

residential

accessibility to

neighbourhood

centres

by

Development Type
Requirement / Evaluation Measure

p-value
LN

CN

Walkable Neighbourhood Catchments

n=6

n=3

Average neighbourhood centre pedshed

47.3%

59.6%

0 (0.0%)

1 (5.3%)

n=19

n=17

8.22% (19.72)

8.65% (16.16)

0.944

1507.56m

1278.60m

0.444

1 (5.3%)

0 (0.0%)

-

No. (%) developments meeting LNG requirement:
≥60% centre pedshed value
Access to Neighbourhood and Town Centres
Percentage of houses within 400m of an activity centre4
Distance to the nearest activity centre 4
No. (%) developments meeting LNG requirement:
≥60% dwellings within 400m of a centre
1

-

LN=5 centres (LN16 secondary centre excluded from analyses because not covered under LN); CN=3 centres.

*** p≤ 0.001; ** p≤ 0.01: * p≤ 0.05

Distance to neighbourhood centres
As indicated in Table 3.6, the average distance to the nearest neighbourhood or town centre was

marginally further across LNs (1.5km) compared to CNs (1.3km). Figure 3.6 shows the distribution
of the mean distances from residential dwellings to the nearest neighbourhood or town centre by

individual LN and CN developments. A wider range of distances, and further distances to the

nearest centre, were observed across the LN developments compared with the CNs Fourteen LNs
(73.7%) and 12 CN (70.6%) developments had average, distances from their residential dwellings
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to the nearest centre within (≤)1600m. There were no significant differences in distances to

centres by scale of development, across LNs (p=0.177), CNs (p=0.807) or LNs and CNs combined

(p=0.351).

4,400
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3,600
Distance (metres)
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1,600
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Figure 3.8

Average distance to the nearest neighbourhood or town centre by development type

3.3.4

Centre configuration

The LNG places emphasis on creating more traditional street-based mixed-use centres with street-

fronting retail layouts which encourages walking, cycling and public transport access, not just car
access. This differs from conventionally designed, enclosed or parking lot-dominant formats (e.g.,

big box shopping centre developments). There was little evidence of main street neighbourhood

centres in the sample of developments assessed. Two centres attempted to provide and integrate

and a more traditional main-street shopping centre into the wider residential development (LN13

and LN15, Figure 3.7). In these centres the majority of car parking was positioned to the rear of the
main-street, which avoided disrupting pedestrian movements through the centre from the
surrounding pedestrian networks. Narrow, single lane roadways with on-street parking helped to

restrict traffic speeds through the centres. The remaining centres were more conventionally
designed single block developments. This results in front facing car parks dominating the centre

and segregating them from surrounding residential development (Figure 3.8).
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Figure 3.9

Examples of main-street configured neighbourhood centres in two liveable
developments

Figure 3.10

Examples of
developments
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box-configured

neighbourhood

centres
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3.3.5

Centre uses and destination diversity

The diversification of land uses and destinations away from predominantly retail-focused or single-

use centres is a major objective of LNG for integrating activity centres into the broader suburban

environment and to create hubs of destinations with sufficient diversity to be useful walkable
nodes or a regular destination for the majority of the population. Table 3.7 summarises the results

for the LN and CN quantified measures of the community design requirements relating to the
content of the neighbourhood centres. It also compares the mean scores across and the results are
discussed below.

Table 3.7

Mean destination diversity scores of neighbourhood centres by development type
Development Type

Requirement / Evaluation Measure

p-value
LN

CN

n=5

n=3

16.6

7.4

0.027*

5.2 (0.91)

3.0 (1.0)

0.015*

n=

n=

Total number of destinations present within the centre 1

16.17

11.75

0.000***

Destination Diversity Score 2

4.99

3.89

0.000***

Neighbourhood Centres within Developments
Total number of destinations present within the centre

1

Destination Diversity Score 2
Neighbourhood Centres ≤800m

1

LN=5 centres (LN16 secondary centre excluded from analyses because not covered under LN); CN=3 centres.

2

Includes convenience goods, retail goods, services, medical and health care, eating and drinking out establishments and

4

From all development residential dwelling points, within a maximum street network distance of 2km. LN=16,903, CN=14,199

5

LN=6 developments; CN=7 developments.

entertainment, religious establishments and community services (= score /8).

*** p≤ 0.001; ** p≤ 0.01: * p≤ 0.05

Minimum Centre Uses
Five of the six centres located within the four regional-sized LN developments, met the minimum
requirements for neighbourhood centres set out in LNG (i.e. provision of a convenience store, post

box and bus stop). However, none of the CN centres contained all three minimum uses (Table 3.8).
All but one centre contained a convenience store.

Destination Diversity of Centre’s within Developments
Sites for community purposes within neighbourhood centres, such as community centres, meeting

halls, libraries and child care centres were identified by LN as being important for community

development. Three of the six LN centres included one or more community-based service or
facility. None were present in any of the CN centres. Neighbourhood centres present within LN
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developments had a significantly greater diversity of destinations compared with their CN

counterparts (Table 3.7). However both illustrate a trend for greater diversity as per the LNG

principle’s and moves away from single-use or retail dominated centres. This assists in creating

hubs of destinations that better serve the general and daily needs of the suburban population and
create a more useful walkable node of commonly used destinations.
Table 3.8

Destinations present within neighbourhood centres located within liveable and
conventional developments

Centre
Typei

Convenience
Store

Post
Box

Bus
Stopii

Destination
Diversity Scoreiv

Bus Stop
within
250m

Number of bus
routes servicing
centre

LN13

N







6



4

LN13

T







4



4

LN15

T







5



1

LN16

N







6



2

LN16

S







5



14

LN18

T







6



4

CD14

N







4



3

CD15

N







2



1

CD17

N







3



0

 Destination present;  Destination absent
i
Activity centre hierarchy: N=Neighbourhood; T = Town; S = Secondary
ii
Bus stop present/located within 50m of activity centre boundary
iii
Includes convenience goods, retail goods, services, medical and health care, eating and drinking out establishments and entertainment
(= score /6).
iv
Includes convenience goods, retail goods, services, medical and health care, eating and drinking out establishments and entertainment,
religious establishments and community services (= score /8)

Destination Diversity of Centre’s within 800m
Whilst LN residents had to travel slightly further to reach their local centres, they had access to a

greater number and better range of destinations - consistent with the intentions of LNG. The

destination diversity scores of centres accessible within 800m of LN residential dwellings were

significantly higher than those accessible within the same distance to CN dwellings (Table 3.7). The
average number of destinations accessible within 800m was greater for LN residents (n=16.2
destinations) compared to CN residents (n=11.6 destinations) (p≤0.001).
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3.3.6

Public Transport

Residential dwellings within 400m of a bus stop
On average, across all LN and CN developments, 50.2% of all residential dwellings had access to a

bus stop within 400m, thus falling just below the LNG standard for public transport accessibility of
having ≥60% of residences within 400m of a stop (Table 3.9). Whilst not reaching statistical

significance, there were differences in access to bus stops by development type: 54.9% of all LN
dwellings were within 400m of a bus stop (range 11.4% - 100.0%) compared to 45.0% of CD
dwellings (range 1.3% - 93.2%) (p=0.247). Nine of the 19 (47.4%) LNs and four of the 17 (25.3%)

CNs met (or exceeded) the LNG standard. There were no significant differences in terms of the
proportion of dwellings within 400m of bus stops by scale of development.
Table 3.9

Mean bus public transport results by development type
Development Type

Requirement / Evaluation Measure

p-value
LN

CN

n=19

n=17

410.53m
(120.62)

454.58m
(161.48)

0.357

54.86% (24.07)

45.01% (26.09)

0.247

9 (47.4%)

4 (23.5%)

-

n=19

n=17

4.47 (6.61)

2.65 (3.02)

0.304

Number of weekday bus services

22.16 (38.26)

13.77 (18.11)

0.415

Number of weekend bus services

14.37 (24.15)

6.47 (9.63)

0.201

Total number of weekly bus services

36.53 (61.17)

20.24 (28.84)

0.302

Access to Bus Stops
Distance to the nearest bus stop 4
Percentage of dwellings within 400m of a bus stop
No. (%) developments meeting LNG requirement:
≥60% dwellings within 400m of a bus stop
Public Transport Routes and Services
Number of different bus routes through development

*** p≤ 0.001; ** p≤ 0.01: * p≤ 0.05

Distance to bus stops
The average distance, across all housing developments (LN and CD combined) to the nearest bus

stop was 431.33m and there was no significant differences in the average distances between LNs

and CNs (Table 3.9). Average distances to the nearest centre varied from 252.7m to 650.8m across
LNs and from 235.4m to 670.9m across CNs. Eight (42.1%) of the LNs and eight (47.1%) of the CNs
had average distances of less than 400m from their residential dwellings to the nearest centre. A
further five LNs and three CNs had average distances between 400-450m.
significant differences by scale of development.

There were no
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Bus routes and services
In order for public transport to be a viable transport alternative to private motor vehicles, a good

network of routes with coverage across the metropolitan area and with a high frequency of service
is required (Falconer 2008). Perth has a substantial network of bus routes across the metropolitan

region which was assessed in terms of their provision/service to the study developments. On
average, a greater number of bus routes passed through LN compared with CN developments. LNs

also had a higher number of weekday, weekend and weekly (i.e. total) services than CNs (Table

3.9). A greater number of bus routes servicing the development were taken as an indication of

greater accessibility to the development in terms a greater variety of destinations (i.e. locations)

residents could access from their neighbourhood. There were no significant differences in the
number of different bus routes or weekly services through the developments by the scale of
development.

Access to train stations
The current rail network across the Perth metropolitan region does not service the suburban
greenfield locations of the majority of the study areas and developments (Figure 3.9). Only three

developments, all of which were LNs, intersected an 800m service area of a train station (i.e. had a
train station accessible within 800m of some part of the development) (Figure 3.9). LN19 is being

purposely constructed as a Transit Orientated Development around a train station and thus even in
its current undeveloped state (with only 23% of the land area developed) it was the only

development to meet the LNG standard for dwelling accessibility with 67.6% of its current

residential dwellings within 800m of a train station. In contrast the presence of other development

and residential land uses external to LN12 limited the number of dwellings that could access the

train station within 800m to 36.9%. Given the current stages of development of LN12 these
numbers are unlikely to increase further. The large tracts of land adjacent to the Cockburn Central
train station set aside for parking and a regional hierarchy activity centre (Cockburn Central
Shopping Centre) inhibited residential accessibility from the LN16 development, with none of its
residential dwellings falling within the 800m service area.
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Figure 3.11
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Houses outside
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Location of the RESIDE developments in relation to the Perth metropolitan rail
network and identification of developments within 800m of a train station
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Notably, no residential dwellings within the CN developments had access to a train station within
800m (Table 3.10). When extending the catchment areas to 1600m the number of LN residences

within a walkable distance to a train station increased to (on average) 15.7%. All CN residences

were still unable to access a train station within this distance (Table 3.10). Less than 60% of all LN
residences had access to a train station within 5km. This proportion was even lower for CN
developments, with less than 40% of residences within 5km of a train station (Table 3.10).

Table 3.10

Mean distances and residential accessibility to train stations by development type
Development Type

Requirement / Evaluation Measure

p-value
LN

CN

n=19

n=17

Percentage of dwellings within 400m of a train station

0.49% (1.71)

0.00% (0.00)

0.231

Percentage of dwellings within 800m of a train station

5.50% (17.26)

0.00% (0.00)

0.182

1 (5.3%)

0 (0.0%)

-

Percentage of dwellings within 1600m of a train station

15.69% (35.49)

0.00% (0.00)

0.070

Percentage of dwellings within 5km of a train station

57.48% (48.89)

39.59% (42.35)

0.248

Percentage of dwellings within 10km of a train station

94.74% (22.94)

94.12% (24.25)

0.938

Access to Train Stations
Distance to the nearest train station

No. (%) developments meeting LNG requirement:
≥60% dwellings within 800m of a train station

*** p≤ 0.001; ** p≤ 0.01: * p≤ 0.05

Public transport services to centres
Public transport increases accessibility for those who cannot drive, who do not own a car and/or

who have limited mobility. It also enables residents to get to the centre without placing excess

demands on the environment through expansive parking areas. Five centres (three LN and two CN)
contained bus stops as required by LNG. All LN centres had at least one bus stop accessible within

250m of the centre boundary and a variety of different service routes. A greater number of
different bus routes servicing the centre were taken as an indication of greater accessibility to/from
the centre in terms a greater variety of origins from which people could access the centre. The
neighbourhood centre located within CD17 was not accessible via (bus) public transport.

82 | P a g e

3.3.7

Primary schools

Primary Schools Located within Developments
Provision of school sites
Six of the seven regional-sized LN developments contained a primary school. Four developments
had ≥1500 residential lots and met the LNG requirement of providing a primary school site. Two
other developments had fewer than 1500 lots at the time of evaluation but had a primary school

site. One regional-sized LN development did not contain a school at the time of evaluation.
However, it was only 59% developed and contained just 670 lots.
Primary school site characteristics
Table 3.11 summarises the average results of the requirements relating to the street networks
within the primary school service areas. Table 3.12 presents the results of each of the evaluated
school site characteristics by development and individual primary school. Detailed assessment of

the primary school playing fields revealed a high level of compliance with LNG. The LNG standard
is for school grounds to be bordered by roads on at least three of its sides (i.e., ≥75% of its

perimeter). Five of the 13 LN school sites and five of the nine CN schools had ≥75% of their
perimeters bordered by adjacent roads. This ranged from 14.4% to 100% of the LN school ground
perimeters and 53.4% to 100.0% across CN sites. None of the school sites were bordered by cul-de-

sacs in accordance with LNG requirements. All 13 LN school sites and eight of the nine CN school

sites had pedshed values values below the WA planning commission target 0.6 for a ‘walkable
catchment”(Giles-Corti, Wood, Pikora et al. 2011). Greater road traffic volume ratios (i.e. towards

1.0) indicated lower road volume exposures and an increased walkability of the area surrounding
the school. Road traffic volumes across all but one CN school site were excellent. Five out of the 13

LN school sites (38.5%) and six of the nine CN school sites (66.7%) had 100% low traffic volume

roads within the 400m service area surrounding the school. All other schools sites had road traffic
volume exposures >0.75%.
Table 3.11

Mean school site street network results by development type
Development Type

Requirement / Evaluation Measure
School Sites
School Walkability Index 5
Proportion (%) of grounds with surrounding road 5

p-value
LN

CN

n=

n=

1.29 (0.28)

1.46 (0.09)

0.150

70.12% (20.8)

76.65% (13.8)

0.508

*** p≤ 0.001; ** p≤ 0.01: * p≤ 0.05
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1

1
1

1

3

CD12 †

CD13 †
CD14 †

CD15 †

CD17 ‡
†

‡

-



11.77
Structure Plan; Regional development

-


-
















3.48

4.05
5.62

2.86
3.02

8.24


-









5.93
3.28
4.25
3.29

-




0.36

0.22

0.61
0.44

0.58
0.47

0.40

0.55
0.50

0.51
0.39

0.52

0.49
0.40

0.58
0.53

0.42
0.54




0.35

-







0.43
0.56
0.57


-


-




1

Pedshed






Playing Fields



Adjacent to
shared playing
fields

4.08

4.47
4.10

4.15
3.43

3.08
2.64

3.51

6.09
2.10
2.24

Area of school
grounds (ha)

0.39

1.00

1.00
0.76

1.00
0.83

1.00

1.00
1.00

0.77
0.98

0.86

0.91
0.91

0.90
1.00

0.95
0.95

1.00

1.00
1.00
1.00

Road Traffic
Volume
Exposure2

86.85

72.13

82.11
64.92

53.37
78.02

100.00

76.70
71.77

32.88
39.38

77.22

97.94
89.83

100.00
54.63

54.16
72.98

14.39

88.15
20.52
25.49

Proportion of
grounds
perimeter
within 25m of a
road4

Perimeter roads ratio = Proportion of the school site perimeter with a surrounding road within 25m (LN vs. CN p=0.508)

School walkability index = Pedshed + Road traffic volume ratio (LN vs. CN p=0.150)





































Any
surrounding
school grounds
terminating in
cul-de-sacs

Road traffic volume exposure ratio = ∑ length lower volume roads (access roads) ÷ ∑ length of all roads. Greater ratios indicate lower road volume exposures and increased walkability around schools.

1.38

1.40

1.61
1.48

1.35
1.54

1.50

1.40
1.39

1.22
0.75

1.20

1.58
1.30

1.55
1.37

1.45
1.28

1.34

1.43
1.56
1.57

School
Walkability
Index3

Pedshed = 400m walkable service area ÷ actual area (400m Euclidean buffer). Higher scores indicate a more walkable environment surrounding the school.

Medium subdivision; * Large subdivision;

1
1

CD07 □
CD10 *
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4

3

2

1

□

1

2

LN19 ‡

LN18

2

LN16 ‡

‡

3

2

LN15 ‡

LN14

3

LN13 ‡

‡

No. of primary
schools
present

Primary school site characteristics

Housing
Development

Table 3.12

Residential dwellings within 400m of a primary school
On average just 6.5% of all residential dwellings (LN and CN combined) had access to a primary

school within 400m station (Table 3.13). Although not significantly different, fewer LN dwellings
were within 400m walking distance of a primary school (mean=5.3%; range=0.0% to 22.9%)
compared to those located within the CNs (mean=9.6%; range=0.0% to 64.6%).

Only one

development met the LNG standard of having ≥60% of residences within 400m of primary school
site (CD01 64.6%). This development was a small subdivision, and the school was located outside
of the study development. None of the 11 structure-plan and regional-sized developments (LN=6,
CN=5) with primary schools present met the LNG standard for accessibility with the proportion of

dwellings within 400m of a school site ranging from 0.0% to 17.4% across LNs and 6.9% to 25.3%

across CNs. Two regional-scaled developments had no primary school site at the time of evaluation
and thus had no dwellings within 400m of a school.
Table 3.13

Mean distances and residential accessibility to primary schools by development type
Development Type

Requirement / Evaluation Measure
Access to Primary Schools
Percentage of houses within 400m of a primary school
No. (%) developments meeting LNG requirement:
≥60% dwellings within 800m of a primary school
Distance to the nearest primary school 4

p-value
LN

CN

n=5

n=3

5.28% (7.40)

9.63 (16.04)

0.295

0 (0.0%)

1 (5.9%)

-

1381.14m
(956.95)

1750.55
(2398.71)

0.540

*** p≤ 0.001; ** p≤ 0.01: * p≤ 0.05

Distance to primary schools
Across all housing developments the average distance to the nearest primary school was 1555.6m.
There were no significant differences between the average distances for LNs (1381.1m) and CNs

(1750.6m), both of exceeded the 400m LNG standard station (Table 3.13). Distances varied by

development from 654.3m to 4831.4m across LNs and 342.6m to 10,697.5m across CNs. Five LNs
(26.3%) and four CNs (23.5%) had average distances to the nearest primary school from its
dwellings within 800m. Fourteen LNs (73.7%) and 12 CNs (70.6%) had average distances to less

than 1600m. There were no significant differences in distances to primary schools by scale of
development.
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Chapter 4
Measuring Implementation of the
4.1

Movement Network Element
Introduction

Traditionally designed neighbourhoods tend to have a grid-style layout with few barriers to direct
travel (e.g., dead ends and major intersecting roads), resulting in high levels of connectivity and a

choice of routes (Figure 4.1). In contrast, conventional neighbourhoods are developed around a

network of hierarchical roads. Curvilinear roads terminating in cul-de-sacs (i.e., lollipop-shaped

dead end roads) feed from large, high speed roads, creating low levels of connectivity (Duany,

Plater-Zyberk & Speck 2000). Residents have little or no choice of route, as often there is only one
road in and out of the development, and the indirect curvilinear streets increase walking distances

between destinations thereby discouraging walking (Dill 2004) (Figure 4.1). Walking has been

made difficult in conventionally planning developments because of the disconnected street system,
lack of footpaths, unsafe routes and long distances to most destinations.

The LNG promotes several differences from conventional suburban street design; advocating for a
highly interconnected street system with good internal and external access aimed at reducing local

travel distances. It aims for the design and detail of new developments to promote and support

walking to daily activities through the design of street networks to optimise the walkable access to
centres, schools, public transport and other destinations. This chapter details the development of
the measures for assessing implementation of the movement network requirements.
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Figure 4.1

Typical road network patterns in traditional (left) and conventional developments
(right)

4.2

Methods

4.2.1

Street connectivity

Street connectivity is one of the urban form measures that have received considerable attention
throughout both the transportation and physical activity research fields. A wide range of measures
have been used to quantify connectivity, including:

intersection density (i.e., the number of

intersections per unit area); percentage of three way intersections (i.e., T-junctions) or greater;

block length or size (i.e., perimeter); and block density (i.e., the number of blocks per unit area)
(Dill 2003). Block size and intersections per unit area have also both been used as proxy measures
of connectivity.

Development of a road intersection (node) layer
The 2009 road centrelines layer was used to identify the intersections for connectivity assessments

of the road networks. A ‘coverage dataset’ of the road centrelines was created in ArcMap. This

generated nodes (i.e., point features) at all intersections. An intersection was defined as the point

where a road centreline segment terminates (i.e., a cul-de-sac) or where one road centreline

segment crosses another and movement could proceed in two or more alternative directions. The

number of directions possible at that intersection was also attributed to the point feature (i.e., 3ways; 4-ways; or 1-way).

Some errors in the numbers of intersection nodes generated and the counts of directions possible

at these were detected. This was due to the digitisation and construction of the 2009 road
centrelines database and the convergence of multiple road centreline segments at roundabouts and

junctions with road separated by median strips. Therefore, all nodes were checked and manually
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edited to reflect the true number of nodes and the number of route options at each. A spatial join
was performed between all nodes and the development in which they were located. Summary

statistics were run to identify the total number of nodes; the numbers of one-way nodes (i.e., cul-desac terminations); three-way nodes (i.e., T-junctions) and four-way nodes (cross [+] roads).

Intersection density
Intersection density is measured as the number of intersections per unit area and is the most basic

measure of street connectivity. A higher number indicates more intersections over a given area,
therefore a greater number of route choices and, theoretically, greater connectivity (Steiner, Bond,

Miller et al. 2004; Dill 2003). The number of three- and four- way road intersection nodes within
each development was divided by the constructed land area (in hectares).

One-way (i.e. cul-de-

sac) nodes do not offer a choice of routes or direction and were therefore excluded; had they been

included, a development with a high number of cul-de-sacs would score highly on this measure,

when in fact its connectivity is poor.

Grid intersection ratio
Previous studies have also measured the extent to which the street system is based upon a grid

(Boarnet 2003). Four-way intersections are an indicator of gridded street patterns and higher

numbers should be representative of better connectivity (Forsyth, D'Sousa, Koepp et al. 2010;

Steiner, Bond, Miller et al. 2004; Song 2005). The number of four-way nodes was divided by the
total number of nodes (including culs-de-sac). A perfect grid network system would have 100% of

its intersections configured as four-way nodes, thus the higher the ratio the more grid-like the
movement network system.

Connected node ratio
The Connected Node Ratio has been used widely throughout the planning and physical activity

fields for assessing the connectivity of the street networks and adopts the following criteria: Areas
with good connectivity score between 0.7 and 0.9 while poorly connected networks score between 0.3
and 0.5 (Steiner, Bond, Miller et al. 2004; Criterion Planners/Engineers Inc. 2002). The connected

node ratio was computed by dividing the total number of three- plus four-way intersections, by the

total number of nodes, including cul-de-sacs.
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4.2.2

Block-based measures of connectivity

The LNG sets out specific standards for suitable block sizes in order to create a connected street

network. Block data (e.g. size or length) have previously been used as proxy measures for street
connectivity (Hess, Moudon, Snyder et al. 1999) based on the premise that smaller, or shorter
blocks, create a denser network of streets and reduce the walking distances, they also increase the

number of intersections offer a greater number of route choices between locations (Song 2005; Dill
2003). Smaller block sizes are also associated with smaller lots and increased density.

Creating a digital block layer
A “block” was defined as an “area of adjacent cadastral parcels of land surrounded and separated

from other blocks by bordering streets” (Owens 2005). Figure 4.2 shows a series of block sizes,
shapes and patterns typical of those identified across the evaluated developments. Many of the

blocks within the interior of the developments fit the definition and typical urban design pattern
with streets around their entire perimeter [Figure 4.2a].

However, a particular issue was to decide how to define block boundaries with non-street edges,

and those typically found on the extremities or outer edges of the development boundaries. A large
number of the blocks had at least one edge defined by parcel lines marking a change from a
developed area to some other land use (i.e. cleared or vacant land, or open space) (Figure 4.2b and

Figure 4.2c). Because of the limited access to external or bordering street networks and the
presence of large parcels, another common occurrence was for one (or more) very large perimeter
blocks, with a number of smaller interior blocks (Figure 4.2c). Developments were typically

comprised of a combination of street-defined blocks and open space or other land use defined
blocks.

Pedestrian access ways or footpaths were often present through areas of open space providing

connections between blocks. ‘Bordering streets’ were therefore defined as a road, footpath or

pedestrian access way. This also provided a better representation of how a pedestrian may

navigate around a block, not being restricted to the road network (as an automobile would navigate
the perimeter of the block). For example, where footpaths were present between the terminating

ends of two cul-de-sacs this was taken as a boundary side for a ‘block’. The digitised pedestrian

network (that included all road centrelines plus footpaths and pedestrian access ways) was overlaid on the ortho-photography. All developments were visually scanned and polygons manually
digitised around all blocks that fell within or intersected the development boundary (n=2043).
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A

C

B

•
• •
•
• •
•

•
•

Typical block structures with areas of
adjacent cadastral parcels rounded by
and separated from each other by
bordering streets.

•

•
• •
•
•

• ••

•

•

Typical block structures separated by
bordering streets within the interior of
the development;

Typical block structures separated by
bordering streets within the interior of
the development;

Adjacent cadastre bordered on two
sides (to the south and west) by main
roads. The northern and eastern edges
(i.e. development boundary lines) are
marked by a change in land use –.

One large block as a result of few
internal street networks and large
cadastral parcels (i.e. lots);

•

•
•

Adjacent (large) cadastre bordered on
the east and south edges by a roads.
The northern and western edges (i.e.
development boundary lines) are
marked by a change in land use –.

(modified from Owens 2005)

Figure 4.2

Examples of different block patterns in the developments

Schools and areas of public open space or parks were not included as ‘blocks’ as they were likely to

be larger areas of land - depending upon the park types (i.e. size) and the scale of development (i.e.
these features may not have been present as they were not required). Big box retail or shopping

blocks were included. The rationale behind their inclusion was that big box retail complexes create
issues for the walkability of an area as they discourage walking, unlike a main-street centre with

smaller blocks. Where retirement and lifestyle villages were present these were digitised along

their external boundary because the internal networks were usually publicly inaccessible. Finally,
areas of cleared or undeveloped land were not digitised because it was unclear how this land would
be divided when developed.

Block density
The number of blocks within each development was identified. Block density was then calculated

as the number of blocks per hectare of the gross constructed land area of the development. Higher
numbers per hectare indicated a greater number of blocks which was indicative of smaller-sized
blocks and greater connectivity and choice of routes.
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Block Perimeters
The perimeter length of all blocks was computed using the ‘Calculate Geometry’ tool. These data
were then exported to SPSS where summary statistics were generated to identify the average

(mean and median), minimum and maximum block perimeters of each development. For each
development the mean and median block perimeter were calculated. The mean block perimeter

provides a measure of the overall size and distribution of the blocks within each development (i.e.
developments with higher average values had larger block perimeters).

The maximum and

minimum block perimeters were also identified to get a sense of the range of block sizes provided.

Comparing the median and mean block perimeters provides some indication of the mix of block

sizes within the developments. When the mean is much higher than the median it suggests the
presence of some larger block in the mix (distorting/increasing the mean values as a result).

Walkable block ratio
The average block size or the share of blocks meeting a minimum (or maximum) size standard has

also been identified as a potential performance indicator elsewhere (Dill 2003). The Planning
Group WA (The Planning Group WA 2003) previously identified the allowable “walkable” block

perimeter to be ≤620m (based on the maximum block length and widths indicated in LNG). They
identified the percentage of walkable blocks to over-sized blocks (i.e. those that exceeded the
allowable LNG perimeter) as an indicator of walkability. A binary variable was created coding each
block according to whether the perimeter met or exceeded this 620m standard. A ‘walkable block

ratio’ was computed for each development; the number of walkable blocks (≤620m perimeter) was

divided by the total number of blocks. A ratio of 1.0 indicated that all blocks met the LNG standard
(i.e. ≤620m).

4.2.3

Culs-de-sac

A major difference promoted by LNG from conventionally designed suburban street systems is the

less frequent use of culs-de-sac. LNG sets out a series of standards to ensure that the use of culs-de-

sac does not impede the overall movement network and connectivity of the neighbourhood. This

includes specifications relating to their length, the provision of linking routes at the terminating

point of the cul-de-sac, the number of residential lots that should be positioned on culs-de-sac and

the total proportion of residential dwellings, development-wide that should be situated on these
dead-end streets.
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Number of culs-de-sac
All one-way nodes were isolated (n=810) and spatially joined to the housing development in which

they were located. Summary statistics were generated to identify the number of one-way road
nodes and thus culs-de-sac, within each development. These were computed as a percentage of the

total number of intersections.

Identifying cul-de-sac road segments
The one-way nodes were over-laid with the 2009 road centreline layer. Using the ‘select by

location’ tool, all road centreline segments that intersected a one-way node were identified (Figure

4.3a). However, due to the digitisation and construction of the road centreline dataset, a single
section of road could be (and was often) represented by multiple centreline segments. This was a

common occurrence in the study areas where new road centrelines were regularly added or
extended to reflect the ongoing development of the road networks in those areas. Many of the

selected road centrelines segments did not therefore accurately represent the full extent (i.e. span
the entire length) of the cul-de-sac. This had important implications for the accurate computation

of cul-de-sac lengths. All one-way nodes and their respective road segments were assessed against

the ortho-photography and manually extended, where necessary, to reflect the actual extent of the

culs-de-sac as observed on the imagery (Figure 4.3b). The cleaned cul-de-sac street segments were

then spatially joined to the developments in which they were located.

Length of culs-de-sac
Longer culs-de-sac impede the movement network, increasing the distances to be walked from the

main street networks and to other connecting streets, resulting in increased pedestrian trip lengths.
Shorter, straighter culs-de-sacs reduce the travel distances along the dead-end routes and improve

the network connectivity (Song 2005). LNG regards the length of culs-de-sac as an important
feature in ensuring their use has minimal negative impacts on the overall connectivity of a
neighbourhood. LNG indicates the maximum cul-de-sac length to be ≤120m.

Using the ‘calculate geometry’ function, the length of all of the cul-de-sac street segments was

computed in metres. All data relating to the length of the culs-de-sacs were exported to SPSS were

summary statistics calculated the mean length of culs-de-sacs for each development. A binary

variable was created to indicate whether each cul-de-sac met or exceeded the LNG standard. For

each development, the number of culs-de-sac meeting the requirement was divided by the total

number of cul-de-sacs present (within that development). Higher ratios towards 1.0 indicated a

greater proportion of developments’ culs-de-sac that met the LNG standard.
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A

2

2

1

1

3

3

One-way nodes — cul-de-sac road centreline segments that intersect one-way nodes
— extended cul-de-sac line segment to represent the full extent of the cul-de-sac (1) according to aerial imagery

Figure 4.3

Identifying and cleaning cul-de-sac road segments

Dead-end street percentage
Conventionally designed neighbourhoods with their hierarchical “network” of long, winding,

indirect and curvilinear roads that terminate in cul-de-sacs would be expected to have a large

proportion of the road network (length) going nowhere, terminating in dead-ends. In contrast,

traditionally designed street layouts in a grid-format provide few barriers to direct travel and have
a very low proportion of the street network terminating in dead-ends. As an alternative measure of

the connectedness of the developments and the potential impacts on the movement network of the
number and lengths of culs-de-sac, the proportion of the road network that terminated in cul-de-

sacs was determined for each development. The summed length of all cul-de-sac street segments

was computed as a percentage of the total road (centrelines) network length. Higher percentages
reflected a system of long, winding, indirect, curvilinear roads.

Cul-de-sac linking routes
Conventionally designed culs-de-sac are designed to be impermeable to cars but also prevent

pedestrian and cycling access. LNG recognises that some of the problems associated with culs-de-

sac and active transportation can be mitigated through the practice of connecting the culs-de-sac
with footpaths, thereby removing the discontinuity of the movement networks for pedestrians and
cyclists. As such LNG sets out a standard to ensure that all culs-de-sac are connected by a well

surveyed minor street or laneway enabling safe pedestrian or bicycle access. All culs-de-sac were
assessed for the presence of a ‘linking route’.
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Using the ‘select by location’ tool, all one-way nodes that intersected a digitised pedestrian network

segment previously added to the road centrelines layers (i.e., footpath or access way at cul-de-sac
termination points) were selected and assigned an attribute indicating the presence of a linking

route as required by LNG (Figure 4.4).

Summary statistics were run to compute, for each

development, the number of culs-de-sac with linking routes. A ‘cul-de-sac link ratio’ was computed

by dividing the number of culs-de-sac with a linking route by the total number of culs-de-sac

present. Higher ratios indicated a greater proportion of the culs-de-sac within a development met

the LNG standard.

—

Development Boundary

—

Road Network

—

Pedestrian Network

—

Cul-de-sac road segment

 Cul-de-sac node with no linking
access

Figure 4.4

Identifying culs-de-sac with linking routes/access

Residential lots on cul-de-sacs
The number of lots positioned on a cul-de-sac will also affect its length; the more lots and the larger

the lot sizes, the longer the cul-de-sac segment will need to be to accommodate these. LNG

recognises this and includes two standards to limit the number of lots positioned on individual

culs-de-sac and the number of lots in any given development that can be located on culs-de-sac.

The LNG state that a single cul-de-sac should serve no more than 20 dwellings; and no more than
15% of the lots in a neighbourhood should be served by culs-de-sac.
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Identifying residential lots on culs-de-sac
Fifteen metre buffers were generated around all cul-de-sac street segments. Using the ‘select by

location’ tool all residential cadastre that intersected the buffers were identified and spatially joined

to the culs-de-sac segment (Figure 4.5). This ensured that each cadastre could be identified to the

specific cul-de-sac road segment on which it was located. Manual checking of the selected cadastre

was performed and incorrectly selected cadastre deleted. Cadastres not served by culs-de-sac but
intersecting the buffer, due to their close proximity, were often incorrectly selected (Figure 4.5).

These were deleted, so as not to over count the numbers of cadastre positioned on culs-de-sac in

each of the developments. Cadastres were deemed to be ‘on’ or ‘served by’ a cul-de-sac if access into

the dwelling on that cadastre (i.e. via the drive way or front path) was directly off the cul-de-sac

street segment. Where a cadastre extended along the cul-de-sac but access to the dwelling was

actually from an adjacent road this was deemed not to be a dwelling served by a cul-de-sac and was

manually deleted (Figure 4.5).






 Cadastre;  15m buffer; Residential cadastre manually deleted

Figure 4.5

 due to dwelling access (↔) NOT via a cul-de-sac road segment


Identifying residential lots on cul-de-sacs

Percentage of lots on cul-de-sacs
Summary statistics identified the total number of cadastre, in each development, that were located

on culs-de-sac. This was computed as a percentage of the total number of residential lots within the

respective developments.
Cul-de-sac lot ratio

Each individual cadastre had been spatially joined to the cul-de-sac street segment on which it was

located. These data were retrieved in an Access database where a series of queries were run to

identify the number of cadastre belonging to each cul-de-sac (Figure 4.6). Binary variables were
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created indicating, for each cul-de-sac, whether ≤20 or >20 lots were present.

For each

development, the number of culs-de-sac meeting the LNG requirement (i.e. with ≤20 residential

lots) was divided by the total number of culs-de-sacs present. A ratio of 1.0 indicated that all culde-sacs met the LNG standard.

n = 15

n = 20

n = 22

n = 20

n = 16

n = 19

n = 21

Figure 4.6

Identifying residential cadastre on individual cul-de-sacs

4.2.4

Road hierarchy

Major roads act as impediments to pedestrian travel due to the high traffic volumes and speeds.

These road types often lack infrastructure or safety and control measures to assist the pedestrian

(i.e., median islands or refuge points and signalled pedestrian crossings). Minor roads, with slower
traffic volumes and speeds are more pedestrian friendly. Increased mileage of these would indicate
a more walkable neighbourhood. LNG calls for a well-managed network of streets with clear

distinctions of street types based on function, legibility, convenience, traffic volume, traffic speed,
public safety and amenity.

Main Roads Western Australia classifies all road segments into one of six categories based on the
function of the road (Main Roads Western Australia 2010) (Table 4.1). The ‘functional roads

hierarchy dataset’ contained road centrelines reflecting the different classification of roads across
Perth as of 2010. This was used to assess the different classifications of roads within the housing
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developments 1. The LNG classification of road types however differs to that of the functional roads

hierarchy. The LNG road categories were therefore matched to the functional roads hierarchy

classifications based on road size, traffic volumes (vehicles per day) and traffic speeds permitted.
These were also classified according to their walkability (Table 4.1).

Table 4.1

Matching and determining the walkability of LNG and Functional Road Hierarchy
classifications

Local
streets

Arterial
Routes

Liveable Neighbourhoods

Functional Roads Hierarchy

Primary Distributer

Primary Distributer / Regional Distributor

Integrator Arterial A

District Distributor A

Integrator Arterial B

District Distributor B

Walkability

Non-walkable

Neighbourhood Connector A (Median)
Local Distributor
Neighbourhood Connector B (Minor)
Access Streets

Walkable

Access Road

Walkable roads ratio
All functional roads hierarchy centrelines located within the developments were selected. The ‘Line

Summary Script Tool’ (Beasley 2011) calculated the length of all segments by each road type. The

total length of all roads within each development was also computed. A ‘Walkable Roads Ratio’ was
computed for each development, dividing the length of the walkable road segments by the total

length of all road segments. Higher ratios indicated a greater volume of minor, pedestrian friendly
roads.

4.2.5

Footpath networks

LNG recognises that walking has been made difficult or discouraged as a mode of transport for

many journeys in conventional developments because of the lack of footpaths and pedestrian

amenity. There is a clear focus on the provision of footpaths on both sides of the street, especially
in the areas around schools and neighbourhood centres, and through areas of public open space
and parks. The LNG also sets out a series requirements for the construction of footpaths and
shared paths. The focus of the current evaluation did not enable assessment of these standards.

Evaluation was focused on the amount and positioning of footpaths provided within the
developments using a digital footpath and sidewalks layers compiled for the evaluation.

1 The 2009 road centrelines dataset did not contain attribute data indicating the road classification
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Development of a digital footpaths layer
For the purposes of the LNG evaluation, “footpaths” were defined as: ’all man-made and formally

laid, permanent surfaces (i.e. paved, concrete or bitumen) accessible to the general public (i.e. not
on private land) that are set aside for walking’. This included all permanent pedestrian-specific

surfaces that run alongside a road, through parks or areas of public open space and pedestrian
access-ways or laneways at cul-de-sac termination points.

In 2006, the Eco-RESIDE project manually digitised all of the footpaths within the 1600m service

areas of all RESIDE participants (Giles-Corti, Sheil, Geelhoed, Begg et al. 2006). This layer was
updated for the LNG evaluation; the 2006 footpaths layer was overlayed onto the 2009 ortho-

photography and ‘clipped’ to the study areas, preserving only the footpaths within the
developments and 800m buffers.

All developments were inspected against 2009 ortho-

photography and missing or incorrectly represented footpaths were manually digitised or
modified. The resulting layer represented the complete footpath infrastructure in the developments

and surrounding areas as of 2009.

Total footpath provision
Footpath length per area
As a measure of the overall pedestrian infrastructure, the total length (km) of all footpaths within
each of the development was calculated.

The length of footpaths was divided by the gross

constructed area (ha) of the development. This provided an indication of the length of footpaths

per development hectare.

Footpath to road ratio
As an indication of how well the developments catered for pedestrian movement versus focussing

on car-dominated networks, the amount of pedestrian infrastructure was compared to that of road
networks. Similar to the work of Forsyth et al (Forsyth, D'Sousa, Koepp et al. 2010), a ‘footpath to

road ratio’ was calculated; the total length of footpaths within each development was divided by the
total length of road centrelines. A ratio of 1.0 indicated an equal provision of footpath and road

networks. A ratio of 2.0 indicated that twice as much footpath infrastructure (length) compared to

road networks were present.
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Identifying footpaths on both sides of the street
The above measures assessed the overall provision of footpaths within a development. However,

the LNG provides specific guidance on the placement of footpaths. Its preference is for the primary
pedestrian movement network to be along the street (i.e. road) network with footpaths provided

on both sides of the street. All of the footpath segments that were adjacent to or located alongside

the road networks were therefore identified. For ease of reference and differentiation between the
various measures, specific terminology was sought to distinguish between the nuances of the total

footpath provisions (i.e. all footpaths regardless of their position or location) and those which were

provided alongside the road networks. The terms “sidewalk” or “pavement” are used in the USA

and UK (respectively) to refer to ‘all hard, man-made formally laid, and level (sometimes raised)

permanent surfaces (i.e. paved, concrete or bitumen) set aside for walking that run alongside a

road’. This definition was adopted and all footpath segments located next to the road were

identified and here-after are referred to as “sidewalks”. Twenty-five metre buffers were created

around the road centrelines. The digitised footpaths layer was overlayed (Figure 4.7a). Using the
‘clip’ tool, all footpath segments that fell within a road buffer were selected, representing the
‘sidewalk’ segments (Figure 4.7b).
A



B

Development boundary

— Road Centreline

— Footpaths
Road Buffer



Development boundary

— Output: Footpaths NOT intersecting the road buffer
— Output: Sidewalks

A) Generate 25m buffers around the road centrelines; Overlay the digitised footpath layer; B) ‘Clip’ the footpath layer
where it intersects a road buffer; the remaining footpath centrelines are those positioned alongside the road network –
‘sidewalks’.

Figure 4.7
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Identifying sidewalks (i.e., footpath alongside the road network) in GIS

Sidewalk to roads ratio
The total length of all sidewalk segments was calculated for each development. This was then
calculated as a ratio of the total road network length. A ‘sidewalk to roads ratio’ of 1.0 indicated that

equal lengths of sidewalk and road networks were present, and thus sidewalks were present along
the entire length of the road network (i.e., on at least on one side). A ratio of 2.0 indicated that

there twice as many sidewalks compared to road networks.

provided on both sides of the street as required by LNG.

This indicated sidewalks were

Proportion of roads with sidewalks
The proportion of the road network that had sidewalk present, on at least one side, was also
assessed. All footpath segments were buffered by 25m. Using the ‘clip’ tool all road centreline

segments that fell within the buffer was then selected. These were the portions of the road network

with a sidewalk present (‘sidewalk roads segments’) and the combined length of all within each
development calculated. The length of all ‘sidewalk road segments’ was calculated as a percentage
of the total length of road centrelines.

Footpaths near destinations
The LNG highlights the importance of having sidewalks on both sides of the street within the

vicinity of schools and neighbourhood centres. All neighbourhood centres and schools located
within the developments therefore underwent assessment of their sidewalk provision within their

400m service areas. The ‘sidewalk to road ratios’ and proportion of roads with sidewalks was
computed within the 400m service areas using the same methods described above.

4.2.6

Cycling networks

The LNG requires a safe and legible bike movement network be provided for cyclists. This may

comprise both on-road and off-road routes. The local street network should provide a permeable

network of low volume, low speed routes for cyclists in order to promote on-road cycling to daily
activities. On higher traffic volume streets, separate bike paths or dual use paths may be necessary
for safety.

Off-road cycling provision: cycle path to road ratio
Perth has an extensive and ever growing system of bicycle paths and infrastructure overseen by

BikeWest, a government based body and section of the Department of Transport.

Cycling
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infrastructure across Perth is classified into four types (Figure 4.8) for which spatial data are
collected and available.
Shared Paths
• General paths for use
by all all on which
cyclists are permitted
to ride.
• Allow cyclists to
travel great distances
without having to use
a road.
• Recreational shared
path routes have been
identified along the
coastline, rivers and
areas of public open
space and well
removed from
vehicular traffic to
provide cycling and
walking as a leisure
activity.

Figure 4.8

Perth Bicycle
Network
• A number of specific
cycling routes with
designated route
numbers.
• These link major
population or
commercial centres
and purposeorientated
destinations
throughout the
metropolitan area.
• These routes are a
mixture of shared
paths and modified
on-road sections that
offer a low degree of
stress for the rider.

Principal Shared
Paths
• A High standard
shared path system
for the commuter
cyclist.
• Positioned along
major arterial routes
and corridoors (e.g.
freeways and
passenger railway
lines).

City to Sea
Greenway
• A recreatinoal bicycle
and pedestrian shared
path that follows a
series of reserves and
parkland linking the
Perth Central Business
District, throught the
Western suburbs to
the coast (City Beach).

Bikewest classifications of designation cycle path routes in Perth, WA

A spatial layer of all designated cycle paths across the Perth metropolitan area was obtained by the
RESIDE project from BikeWest (Department of Transport 2010a; Department of Transport 2010c).
A second shapefile containing the Principle Shared Path routes was also downloaded from the
BikeWest website (Department of Transport 2010b). The cycle path shapefiles were overlaid with

the development boundaries. Using the ‘select by location’ tool all cycle paths located within the
developments were identified and the total length of all path types calculated. A ‘cycle paths to

roads ratio’ was computed for each development; the total length of all cycle path segments was

divided by the length of road networks. A ratio of 1.0 indicated an equal provision of cycle path and
road networks. A ratio of 2.0 indicated that twice as many cycle paths were present compared with
compared the length of road networks present.

On-road cycling provision: cyclable roads ratio
BikeWest also classifies road types for the suitability of on-road cycling, based upon the level of

stress experienced by the rider as a result of the traffic volumes and speed (Bikewest and The
Department of Transport 2012). The three classifications of on-road cycling routes are presented
in Figure 4.9.
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Purple Routes:

Orange Routes:

Green routes:

High Stress

Moderate Stress

Low Stress

• The largest and busiest
roads in Perth with high
volumes of traffic
travelling at high speeds
most times of the day and
night.

• Secondary thoroughfares
that often feed traffic to
major roads. Generally
there is one lane of traffic
in each direction.

Figure 4.9

• Generally quieter
suburban through roads.
• Could have narrow lane
widths, frequent stop
signs and parked cars.

Bikewest on-road cycling classifications

Each of the road classification types within the functional road hierarchy dataset was recoded to

one of the three Bikewest on-road routes (Table 4.2). The total length of all road centreline
segments attributed to each of the three route types was calculated for each development using the

‘Line Summary Script Tool’ (Beasley 2011). A ‘cyclable roads ratio’ was computed to quantify the

provision of low and moderate classified roads within the developments as an indication of the
suitability of the road networks for cycling. The summed length of all orange and green classified

road segments was calculated as a ratio of the total road network length. Higher ratios towards 1.0
indicated a higher proportion of cycling-friendly roads within the development.
Table 4.2

Classifying on-road cycling routes

Liveable Neighbourhood road
description / classification
Primary Distributer

2010 functional roads hierarchy: road
classification type
Primary Distributer
Regional Distributor

Purple Routes

Integrator Arterial A

District Distributor A

(high stress)

Integrator Arterial B

District Distributor B

Neighbourhood Connector A (Median)
Local Distributor
Neighbourhood Connector B (Minor)
Access Streets

4.2.7

BikeWest on-road cycling
classification

Access Road

Orange Routes
(moderate Stress)
Green Routes
(Low stress)

Integrated development & external connectivity

The openness of the boundaries and edges of housing developments are what divide and

distinguish it from its wider context. Boundaries usually take the form of a combination of

circulation corridors such as major streets, or physiographic elements such as topography and open
spaces (Owens 2005). The permeability of a development is a function of both the orientation of

its lots and buildings, particularly at the edge of the development (i.e. inward or outward facing)

and the street connections into/out of the development. There can be great contrast in the
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permeability of housing development boundaries and the level of connectivity this allows with its

surrounding (i.e. external) areas. This concept is best illustrated when considering the differences
between the inwardly focussed gated or walled communities, shut off from their surroundings with

only one or two routes in and out along the boundary, compared with others that are open and

permeable along their edges (e.g. integrated into the wider street and urban fabric) such that it is
hard to distinguish where one development ends and another begins.

The LNG addresses the extent to which new housing developments form part of the wider urban
fabric and are connected with, or divided from, their surrounding areas. Two evaluation measures
were devised to assess the format and external connectivity of the RESIDE developments.

Development format
The LNG emphasises a shift away from gated- or walled-developments (Western Australian

Planning Commission 2000).

Each development was assessed to determine whether it was

constructed in a gated or walled format. Walled developments were defined ‘where a perimeter
structure (i.e. a wall) was present around a significant proportion of the development boundary,
restricting access into/out of the development other than via a limited number of access points’.

Assessment was conducted using the ortho-photography and Google Street View. Binary variables
were attributed to each development to indicate its format.

External connectivity
External connectivity refers to the connections of developments’ streets to the surrounding road

networks and land areas.

The LNG requires integration of new developments with abutting

existing areas though the use of frequent local street connections. It requires the layout of new
developments to connect to existing, committed or proposed development on adjacent sites, with
street stubs provided at spacing’s of 200m, or closer, to enable street connections to be made to

adjacent future areas. In light of these LNG requirements and based on previous work by Forsyth et

al (2007) and The Planning Group WA (2003), measures were devised to quantify the
developments’ levels of external connectivity, specifically examining how porous the edges of the

developments were via the number of access points into/out of the developments.
Generating a digital access points layer

Access points were defined by Forsyth et al (2007) as the number of times a road crossed the edge

of the measurement geography. However, this only considers integration via the road network. At
a pedestrian level there may be other access opportunities. The Planning Group WA (2003)
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previously quantified the integration of housing developments as the average number of vehicular
access points and pedestrian network links as ratios to the number of blocks. McNally and Kulkarin

(McNally & Kulkarni. A 1999) also identified the ratio of access points to the development

perimeter when comparing different types of neighbourhoods.

For the purposes of this evaluation, an access point was defined as: ‘a point where it was possible to
enter or exit the development from the surrounding road or pedestrian networks’. Access points

had to provide a connection to street networks or areas external to the development. Similar to the
measures used by McNally and Kulkarin (McNally & Kulkarni. A 1999) this related to access points
along the developments’ perimeter/boundary lines.
Identifying vehicular (road) access points
The road centrelines and housing development layers were overlaid in ArcMap. Using the ‘intersect

point tool’ from the Hawth’s Tools extension (Beyer 2004) a point file was generated at all points

where road centrelines intersected the development boundaries. A number of irregularities were
identified in the resulting file that would have overestimated the true numbers of access points.

These were checked and all incorrectly generated access points manually deleted. The final point

feature layer represented the actual points where it was possible to enter or exit a development
along its perimeter via the road network.

Identifying pedestrian (friendly) access points
A second set of access points were generated (again, using the Hawth’s intersect point tool (Beyer
2004)) where digitised footpaths and pedestrian access ways intersected the development

boundaries. All generated points were again manually inspected and cleaned to remove incorrect
points (Figure 4.10).

Figure 4.10

An access point providing pedestrian-only access to a housing development
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Identifying vehicular access points with sidewalks
All vehicular (i.e. road) access points were assessed for the presence sidewalks – thereby allowing

safe pedestrian access. Ten metre buffers were generated around the vehicular access points. The
layer identifying the road segments with sidewalks (i.e. ‘sidewalk roads segments’) was then

overlayed. Where a sidewalk roads segment’ intersected the vehicular access point buffer, the
access point was attributed to indicate the presence of a sidewalk (Figure 4.11).

All three of the generated access point layers were spatially joined to the development whose
boundary they intersected and summary statistics identified the numbers of each (Figure 4.11). The

focus of the LNG evaluation measures was on pedestrian-accessible access points. Two of the three

access points were classified as ‘pedestrian-friendly access points’. These were: 1) vehicular access
points with sidewalks; and 2) pedestrian network access points. Three variables were computed to
indicate the level of pedestrian access into/out of the housing developments.

Final access points layer indicating the location of pedestrian network ; roads with sidewalks ; and road only 
access points.

Figure 4.11

Example: pedestrian and vehicular access points generated along development
perimeters

Pedestrian perimeter access points
Similar to the measure of McNally and Kulkarin (1999) the number of pedestrian-friendly access

points was divided by the length of the development perimeter (km). A higher number per
kilometre was indicative of a greater level of external accessibility into/out the developments.
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External pedestrian connectivity ratio
The number of pedestrian-friendly access points was divided by the constructed land area of the

developments, indicating the number of pedestrian-accessible entry and exits points per hectare.
Pedestrian friendly vehicular access points

For each development, the number of vehicular access points with sidewalks was calculated as a
percentage of the total number of vehicular access points.

4.2.8

Streetscapes: trees along footpaths

LNG addresses the streetscapes of the movement networks through the provision of street trees. It

requires street trees that provide a generous canopy at maturity should be planted in all streets for
pedestrian shade, streetscape and amenity and traffic management. It also stipulates that footpaths
should be designed and located taking into account pedestrian amenity, sun and shade.

As part of the Twin Cities Walking Study, Forsyth et al (2010) digitised all street trees within 15 or

20 metre buffers per length of road. However, given the focus of the evaluation on assessing the
impacts of the LNG on the walking behaviours of residents, it was deemed important to assess the

levels of shade or shelter from tree canopy cover over the pedestrian movement networks (i.e.

footpaths) as a result of street tree provision. The aim was thus to identify the provision of trees

within a given distance of all footpaths. The footpaths layer, rather than the road centrelines layer,
was used as the layer of interest.

Two evaluation measures were devised to assess the

developments street trees provision in relation to the footpath networks: 1) the number of trees
per footpath length; and 2) the proportion of the footpath area that was covered by tree canopy.
The development of these measures is described in the sections that follow.

Development of a digital tree layer
No digital data file containing the locations of trees across Perth existed and so one was created for

this evaluation. All trees within the developments were manually identified and mapped

(n=21,742). Five metre buffers were created around all digitised footpath centrelines. Using the
high resolution ortho-photography all tree canopies that intersected the buffer were manually

digitised. For ease and speed of digitisation a circle polygon was used and manually sized to
represent the extent (i.e. radius) of the tree canopy (Figure 4.12). The LNG standard is for
footpaths to be a minimum of 1.5 metres in width (widened to 2 metres in the vicinity of schools,

shops and other activity centres). It was important therefore to create a buffer of sufficient width

to cover the extent of the footpath dimensions identify those trees placed directly adjacent to the
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footpaths. Similarly it was also important to ensure that the buffer wasn’t so wide as to include

trees set some distance aback that they actually provided little or no benefit to the pedestrian
moving along the footpath. A 5m buffer was chosen; this allowed for the detection of trees within
2.5m of either side of the footpath. All digitised tree polygons were spatially joined to the housing
development in which they were located.

Quantifying tree canopy cover over footpaths
Tree canopy cover is a measure of the physical coverage of the tree canopy over a given area of

land. It represents a way of expressing, as a percentage, the spatial extent or density of tree crown

coverage in an area. A measure of canopy cover is more valuable than focussing on the number of
trees within an area because it is a measure of the shade (that LNG was looking to increase) to

enhance the streetscapes, of which canopy cover is paramount. Fewer trees with larger canopies
that provide more shade provide more benefit than larger numbers of trees with smaller crowns.

The aim of this measure was to identify the proportion of the footpath network that was covered by
tree canopy, thus offering potential shade or shelter over the footpath for pedestrians travelling

along it. The area of the footpath buffer within each development was calculated as a proxy
measure of the total area of footpaths present. Using the ‘erase’ tool, the tree canopy polygons were

deleted (i.e. erased) from the footpath buffer polygon where they overlapped or intersected (Figure
4.12).

The resulting output indicated the portions/areas of the footpath buffer that had no

overhanging tree canopy. This was subtracted from the total footpath buffer are to provide the

area of footpaths with canopy cover. This figure was then calculated as a percentage of the total
footpath buffer area.

Footpath tree density
In new developments however, young, immature trees were often planted that provided little

canopy (and therefore shade). These trees were been digitised but their contributions to the

canopy coverage would have been minimal. The second measure of tree provision was thus

developed based on the methods of (Forsyth, D'Sousa, Koepp et al. 2007), who previously identified
the numbers of street trees within a 15-20 metre buffer of the road centrelines per length of road.

Summary statistics were run to calculate the number of digitised trees within each development.

The number of identified trees was then divided by the total length of footpath centrelines present

within the development. This provided an indication of the number of trees per kilometre of
footpath networks. Higher numbers indicated a greater density (i.e. provision) of trees positioned
along the footpaths.
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Five metre buffers [] generated
around all footpath centrelines [—]

Tree canopies within footpath buffers
identified on ortho-imagery;

Tree

Trees along the same stretch of road
and footpath as shown above;

Tree canopy extents
intersecting the footpath buffer
manually digitised using the circle
polygon tool in ArcMap ;

Portions of the footpath buffer where
tree canopy polygons intersect or
overlap have been ‘erased’;
The remaining output = portions of
the footpath buffer with NO tree
canopy cover

Figure 4.12

Digitising tree canopies along footpath networks
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4.3

Results: implementation of the movement network
requirements

The following sections outline the levels of implementation of the movement network element in
the 19 liveable (LN) and 17 conventional (CN) developments. The results presented are largely

descriptive but include formal tests comparing levels of compliance within the two development

types. Tests comparing levels of compliance across the four levels of scale of development are also
presented.

4.3.1

Street connectivity

The process evaluation results indicated that the connectivity of the street networks within the
RESIDE development was generally consistent with the principles of LNG; with obvious trends

away from the long, winding, curvilinear routes (loops and lollipop) hierarchical road systems

towards a more connected and direct street system and more defined and smaller blocks (Figure
4.13). In addition to the promising connectivity provisions, the walkable roads ratios of the
developments were also high, indicating the presence of lower order roads designed for slower
traffic speeds and lower traffic volumes. This was observed in both the LN and CN development

types, making it a likely feature of the LNG that exerted positive influences on all residential design
proposals. Table 4.3 outlines the average results of the five connectivity measures across the LN
and CN developments and compares the results by development type.
Table 4.3

Mean street network connectivity results by development type
Development Type

Requirement / Evaluation Measure

p-value
LN

CN

n = 19

n = 17

0.83 (0.13)

0.83 (0.06)

0.821

≥60% dwellings within 800m of a train station

17 (89.5%)

17 (100%)

-

Intersection Density

1.23 (0.49)

0.87 (0.21)

0.008**

Grid Intersection Ratio

0.15 (0.11)

0.08 (0.05)

0.023*

Access to Train Stations
Connected Node Ratio
No. (%) developments meeting LNG requirement:

*** p ≤ 0.001; ** p ≤ 0.01: * p ≤ 0.05
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Top: LN [] and CN [] subdivisions with connected block-based street networks; Bottom: Contrasting street
networks of the LN RESIDE development (Butler) and the curvilinear and cul-de-sac networks of the surrounding
Merriwa and Ridgewood suburbs

Figure 4.13

Examples of better connected road networks within the RESIDE developments:

There were no differences in the connected node ratios of LN and CN developments. The average

connected node ratio 2 results observed of 0.83 indicated “good” levels of connectivity within the LN
and CN developments. These ranged from 0.48 to 1.0 across the LNs and from 0.73 to 0.94 across

CNs. Seventeen of the 19 LNs (89.5%) and all of the CNs had ratios ≥0.7 indicating ‘high’ levels of
internal connectivity. LN developments significantly outperformed the CNs of both the intersection
density and grid intersection ratio measures. Average intersection densities were significantly

higher in LNs (1.23 intersections per ha) compared with CNs (0.87 intersections per ha) (p≤0.01),
2

“Good” connectivity score between 0.7 and 0.9 while “poorly” connected networks score between 0.3 and 0.5
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ranging from 0.48 to 2.38 across the 19 LN developments and from 0.67 to 1.25 across the 17 CN
developments. A significantly higher proportions of nodes were provided as four-way intersections

within the LN compared with CN developments (p=0.023). The numbers of four-way intersections

accounted for 15% of all road network intersections within the LN developments and just 8% of
those within CN developments. The proportion of grid-configured intersections ranged from 0% to
40% across LNs and from 0% to 19% across CNs.
development for any of the connectivity measures.

4.3.2

There were no differences by scale of

Block-based measures of connectivity

Block perimeter

The block perimeters of the LN developments (443.1m) were, on average, significantly smaller than
those of the CN developments (520.8) (Table 4.4), by an average distance of 78.01 metres. All LN
developments performed well with average block perimeters ranging from 255.4m to 589.0m. The

average block perimeters of the CN developments ranged from 419.9m to 650.6m. However, the

median block sizes across both development types were slightly smaller (LN = 407.8m; CN =
482.1m) suggesting both developments contained some larger blocks that increased the mean
values.

Table 4.4

Mean block-based connectivity results by development type
Development Type

Requirement / Evaluation Measure

p-value
LN

CN

443.08

520.84

0.000***

Block Density (# per ha)

0.69 (0.67)

0.45 (0.13)

0.165

Walkable Blocks Ratio

0.85 (0.08)

0.74 (0.15)

0.014*

17 (89.5%)

9 (52.9%)

-

Block Perimeter (metres) 2

No. (%) developments meeting LNG requirement:
walkable block ratio ≥0.75
*** p ≤ 0.001; ** p ≤ 0.01: * p ≤ 0.05

Walkable block ratio
The LN developments outperformed the CN developments on this requirement, with significantly
higher (average) walkable block ratios (0.85 compared to 0.74, p=0.014) (Table 4.4). The walkable

block ratios ranged from 0.70 to 1.0 across LNs and from 0.47 to 0.93 across CNs. LN02 was the

only development to have 100% of its blocks meeting the LNG requirement (i.e., ≤620m perimeter).

There were no differences by scale of development for walkable blocks ratio across LNs (p=0.852),
CNs (p=0.933) or both combined (p=0.622). Block perimeter, and the proportion of walkable-sized
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blocks has previously been identified as the single strongest indicator of the success of LNG in the

increasing the walkability of suburbs (The Planning Group WA 2003) and these results suggest a
strong trend towards LNG.

Block Density
The average block densities within LN developments (0.7 blocks per ha) was larger than those
within the CN developments (0.5 blocks per ha), although not significantly so. Block densities

ranged from 0.2 to 3.16 blocks per hectare across the 19 LN developments and from 0.25 to 0.71
across the 17 CN developments.

4.3.3

Cul-de-sacs

The following sections detail the results of the assessed characteristics of the culs-de-sac against

the LNG standards. The results suggest a modest trend towards LNG with respect to cul-de-sac

provision and design. The dead-end street percentage and cul-de-sac length results suggest that

where culs-de-sac were being used they were limited in their length, ensuring that they did not

inhibit the overall connectedness and walkability of the area, moving away from the conventional

style of long, looping curvilinear roads going nowhere. The average results relating to the provision
and characteristics of the culs-de-sac by development types are presented in Table 4.5. The LNs

had a greater number of cul-de-sacs than the CNs but this was not significantly so (p=0.885). Two

smaller LN subdivisions had no culs-de-sac present.

Length of culs-de-sac
There were no significant differences in the length of culs-de-sac across LNs (83.3m) and CNs
(76.4m). The average length of cul-de-sacs ranged from 13.7m to 102.4m across LNs and from

27.7m to 137m across CNs. The results indicated that where culs-de-sac were used it was generally

in accordance with LNG standard: on average, 85% of the culs-de-sac present in LNs (range 64% to
100%) and 87% of those in CNs (range 50% to 100%) met the LNG length requirement of being

≤120 metres in length. Seven LNs and six CNs had 100% of their culs-de-sac shorter than 120m.

There were no differences in the average cul-de-sac length ratios by scale of development across

LNs (p=0. 385). Significant differences were observed across CNs of different scales (p=0.001).
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Table 4.5

Mean cul-de-sac length and linking routes characteristics by development type
Development Type

Requirement / Evaluation Measure

p-value
LN

CN

n=6

n=3

Number of culs-de-sac

26.79 (34.4)

17.24 (17.5)

0.885

Dead-end Street Percentage

8.30% (9.83)

8.62% (5.02)

0.905

Culs-de-sac length

n = 19

n = 17

Average cul-de-sac length (metres)

83.25m

76.36m

0.177

0.85 (0.15)

0.87 (0.15)

0.779

11 (64.7%)

14 (82.4%)

-

Culs-de-sac linking routes

n = 19

n = 17

Average cul-de-sac link ratio

0.30 (0.27)

0.18 (0.22)

0.232

1 (5.9%)

0 (0.0%)

-

Cul-de-sacs

Cul-de-sac length ratio
No. (%) developments meeting LNG requirement:
cul-de-sac length ratio ≥0.75

No. (%) developments meeting LNG requirement:
cul-de-sac link ratio ≥0.75 (
*** p ≤ 0.001; ** p ≤ 0.01: * p ≤ 0.05
1

Two LN housing developments had no cul-de-sacs: These were excluded from cul-de-sac analyses (LN=17; CD=17)

Dead-end street percentage
Less than 10% of the total road network lengths across both LNs (8.3%) and CNs (8.6%)
terminated in culs-de-sacs, or dead-end streets (Table 4.5). However, there was variability in the

dead-end street percentages across the developments; these figures ranged from 0.0% (i.e. where no
culs-de-sac were present) to 40.5% across LNs and from 1.1% to 17.2% across CNs. There were no

significant differences in the dead-end street percentage by scale of development.

Cul-de-sac linking routes
The majority of developments performed poorly on this requirement and failed to meet the LNG
standard set for connecting cul-de-sac streets. The average cul-de-sac link ratio results revealed

just one-third (30%) of all culs-de-sacs within the LN had linking routes connecting them to the

wider street network (Table 4.5). The percentage of culs-de-sac with linking routes within each LN

ranged from 0% to 100%. Two LN developments had no linking routes on any of their culs-de-sacs.

Just one development had linking routes on all culs-de-sac.

Three (15.8%) of the 19 LN

developments had cul-de-sac link ratios ≥0.5 (i.e. more than 50% of the cul-de-sacs in that

development had linking routes).

Figure 4.14 illustrates linking routes present in two LN

developments. The performance of the CN developments on this requirement was especially poor

with, on average, just 18% of culs-de-sac having linking routes. This ranged from 0% to 60% across

the 17 developments. Seven (41.2%) CNs had no linking routes on any cul-de-sac. Only two
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developments had cul-de-sac link ratios ≥0.5 (i.e. more than 50% of the cul-de-sacs in that

development had linking routes).

Figure 4.14

Examples of pedestrian linking routes at a cul-de-sac terminations in a two liveable
developments

Residential lots on cul-de-sacs
The number of lots positioned on a cul-de-sac will also affect its length – the more lots, and the

larger the lot sizes, the longer the cul-de-sac segment will need to be to accommodate these. The

LNG stipulates that no more than 20 residential lots should be present on a single cul-de-sac with

no more than 15% of the overall number of lots within a development to be positioned on culs-desac. Table 4.6 presents the average results of the numbers of residential lots served by culs-de-sac

by development type.
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Percentage of lots on cul-de-sacs
Although not significantly so, the LN developments had, on average, a greater proportion of
residential lots positioned on culs-de-sac (15.4%) compared with the CNs (11.2%). These figures

included the two LN developments that contained no culs-de-sac (i.e. they had 0% of their

residential lots on culs-de-sac). The percentage of residential lots on culs-de-sac a ranged from

0.0% to 75.6% across LNs and from 0.0% to 32.9% across CNs.
Cul-de-sac lot ratio

The average number of residential lots on culs-de-sac within each development ranged from 5.3 to

23.2 across LNs and from 4.0 to 29.9 across CNs. On average, 80% of all culs-de-sac within the LN

developments and 89% of those within CN developments met the LNG standard of serving ≤20
residential lots (Table 4.6). This indicated a strong trend towards “Liveable Neighbourhoods”. The

cul-de-sac lot ratios ranged from 0.50 to 1.0 across LNs and from 0.63 to 1.0 across CNs. Six

(31.2%) of the 19 LNs and 9 (52.9%) of the 17 CNs had cul-de-sac lot ratios of 1.0 – indicating that

all culs-de-sac within those developments met the LNG standard.
Table 4.6

Mean numbers of residential lots on culs-de-sac by development type
Development Type

Requirement / Evaluation Measure

p-value
LN

CN

n = 19

n = 17

Average (mean) number of lots per cul-de-sac1

13.57 (6.47)

11.01 (6.90)

0.272

Cul-de-sac Lot Ratio1

0.80 (0.21)

0.89 (0.17)

0.417

10 (58.8%)

14 (82.4%)

-

15.39 (19.12)

11.17 (9.47)

0.417

10 (52.6%)

13 (76.5%)

-

Lots on Culs-de-sac

No. (%) developments meeting LNG requirement:
cul-de-sac lot ratio ≥0.75
Average Percentage of Lots on cul-de-sacs2
No. (%) developments meeting LNG requirement:
≤15% of residential lots on cul-de-sacs
*** p ≤ 0.001; ** p ≤ 0.01: * p ≤ 0.05
1

Two LN housing developments had no cul-de-sacs: These were excluded from cul-de-sac analyses (LN=17; CD=17)

2

This included the two developments that had no culs-de-sac present (LN=19; CD=17)

4.3.4

Walkable Roads Ratio

Both development types performed extremely well with average ‘walkable road ratios’ of 0.95

(range 0.88 – 1.00) across LNs and 0.97 across CNs (range 0.92 - 1.00). Developers rarely have

jurisdiction over the provision of higher order (i.e. main) roads that may pass through or by their

development. Conventional planning results in lower order curvilinear roads feeding off these
main roads to residential cells. The high walkable roads ratios combined with the good connectivity
116 | P a g e

and cul-de-sac results suggest a movement away from this conventional style of movement

networks towards LNG-principled networks. Indeed, some of the larger scaled developments had

some higher order roads present but this did little to affect the overall walkable roads ratios.

4.3.5

Footpath networks

Total footpath provision

The LN developments had, on average, a significantly greater provision of footpaths (166.8m per
ha) compared to CNs (123m per ha) (p≤0.05) (Table 4.7).

The provision of total footpath

infrastructures ranged from 60.1m – 317.9m per hectare across LNs and from 73.7m - 177.1m per

hectare across CNs.
Table 4.7

Mean footpath and sidewalk lengths by development type
Development Type

Requirement / Evaluation Measure

p-value
LN

CN

Footpath length (km)

16.26 (19.36)

11.21 (12.15)

0.361

Footpaths per development area (metres per ha)

166.75 (80.8)

122.99 (33.6)

0.041*

Footpath to Road Ratio

0.84 (0.26)

0.77 (0.24)

0.400

Sidewalk to Road Ratio

0.62 (0.21)

0.61 (0.20)

0.821

% Road length with sidewalks

69.05 (15.6)

68.13% (13.7)

0.853

% Access Road length with sidewalks

69.58 (15.9)

68.48 (15.2)

0.848

0.0 (0%)

0.0 (0%)

-

No. (%) developments meeting LNG requirement:
sidewalk to roads ratio of ≥2.0
*** p ≤ 0.001; ** p ≤ 0.01: * p ≤ 0.05

Footpath to road ratio
When comparing the total length of footpaths to the length of road infrastructure by development

type, LNs performed marginally better with ‘footpath to road ratios; of 0.38 – 0.34 (mean 0.84) in
comparison to CNs whose ratios ranged from 0.39 – 1.24 (mean 0.77). These differences were not

significant (Table 4.7). Five LNs and four CNs had ‘footpath to road ratios’ ≥1.0, indicating equal (or
greater) provisions of footpaths compared to road networks. There were no significant differences
in footpath to road ratios by scale of development.
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Footpaths on both sides of the street
Sidewalk to road ratios
There were no significant differences in the average ‘sidewalk to road ratios’ between the LNs (0.62;
range 0.27 to 0.97) and CNs (0.61; range 0.30 to 1.01) (p=0.821) (Table 4.7). Only one development

had sidewalk lengths that matched the road lengths (i.e., ratio = 1.0) indicating that sidewalks were
present along the entire length of the road network (on at least one side).
Proportion of roads with sidewalks

Development-wide, there were no significant differences in the proportion of road networks with

sidewalks. On average, 69% of the total road network length within LNs and 68% of those within
CNs had sidewalks present. This ranged from 41% to 100% across LNs and from 47% to 89%

across CNs. There were no differences in the proportion of road networks with sidewalks by scale
of development,

These figures indicate that whilst the developments failed to provide sidewalks on both sides of the

street network as required by LNG, there is some evidence that pedestrian infrastructures were
being installed, which, as a feature often lacking in conventionally designed suburbs, this indicates a
trend towards LNG.

Footpaths near destinations
Sidewalk to road ratios
There were no significant differences in the ‘sidewalk to road ratios’ within the 400m service areas

of neighbourhood centres or primary schools within the LN and CN developments (Table 4.8). The
‘sidewalk to road ratios’ presented in Table 4.9 indicated that footpaths were generally present on
one side of the road networks within these catchments. Two of the school catchment areas had
‘sidewalk to road ratios’ approaching 2.0 (i.e., 1.91 and 1.97) indicating that footpaths were present
on both sides of the majority of the street network in the catchment area, in accordance with LNG
standards.

Proportion of roads with sidewalks
The proportion of roads with sidewalks (on at least one side of the street) within the 400m service

areas around the neighbourhood centres was on average higher within the six LN centres (mean =
72%; range = 42% to 88%) compared with those in the CN centre catchments (mean = 64%; range

= 45% to 73%). Similarly, the proportion of roads with sidewalks within the school service areas
118 | P a g e

was also, on average, higher across the LN school sites (mean = 71%; range = 62% to 88%)
compared to that of the CN school sites (mean = 64%; range = 66% to 97%).

Table 4.8

Mean footpath and sidewalk lengths within neighbourhood centre and primary school
400m service areas by development type
Development Type

Requirement / Evaluation Measure

p-value
LN

CN

n = 19

n = 17

Sidewalk to Road Ratio

1.10 (0.09)

1.08 (0.19)

0.827

Percentage road length with sidewalks

71.50 (12.1)

63.67 (16.2)

0.492

n = 19

n = 17

Sidewalk to Road Ratio

1.31 (0.44)

1.18 (0.23)

0.463

Percentage road length with sidewalks

70.50 (17.7)

76.43 (12.6)

0.496

Neighbourhood Centre 400m Catchments

Primary School 400m Catchments

*** p ≤ 0.001; ** p ≤ 0.01: * p ≤ 0.05

Table 4.9

Sidewalk to road ratios within neighbourhood centre and primary school 400m
service areas
Sidewalk to Road Ratio
Development

Activity Centre 400m
Service Area

Primary School 400m
Service Area

LN13

1.15

0.91

LN13

1.2

1.24

LN13

-

0.52

LN15

1.16

1.25

LN15

-

1.21

LN16

0.98

1.35

LN16

1.11

1.30

LN18

1.02

0.89

CD07

-

1.26

CD10

-

0.97

CD12

-

1.58

CD13

-

1.51

CD14

1.29

1.91

CD15

1.04

1.44

CD16

-

1.97

CD17

0.92

1.15

CD17

-

1.75

AVERAGE

1.10

1.31
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4.3.6

Cycling networks

The provision of cycle paths in both development types was poor, ranging from 0.0m to 68m per
hectare across LNs, and 0m to 89m per hectare across CNs. There were no differences in the length
of footpaths provided by scale of development (Table 4.10). When comparing the total length of

cycle paths against the length of road infrastructure, LNs performed marginally better with cycle

path to road ratios of 0.0 to 0.42 (mean 0.18) in comparison with the CNs whose ratios ranged from

0.0 to 0.57 (mean 0.18). As Figure 4.15 illustrates, the majority of developments lacked cycle path
connections to the principal shared paths that provide fast commuter routes along freeways, and a

complete lack of infrastructure in some of the developments. High cyclable roads ratios were
evident across all developments and scales, ranging from 0.88 to 1.00 across LNs and 0.92 to 1.00
across CNs (Table 4.10).
development types.

Table 4.10

There were no differences in the cyclable roads ratios between

Mean cycle path lengths and on-road cycling environments by development type
Development Type

Requirement / Evaluation Measure

p-value
LN

CN

Cycle Path length (km)

5.12 (1.84)

3.60 (1.32)

0.509

Cycle Paths per development area (metres per ha)

32.82 (26.9)

28.31 (29.9)

0.636

Cycle Path to Road Ratio

0.18 (0.14)

0.18 (0.19)

0.992

Cyclable Roads Ratio

0.96 (0.04)

0.97 (0.03)

0.110

Total Cycle Environment

1.14 (0.14)

1.15 9 (0.18)

0.014*

*** p ≤ 0.001; ** p ≤ 0.01: * p ≤ 0.05

These results indicate a lack of provision for off-road cycling within the developments. However,

given the cycling-friendly nature of the road hierarchies within all developments the off-road

provision is perhaps not so important. Long, looping curvilinear nature of conventional road

designs with long sightlines and shallow bend/corner curvatures encourages, by its very design,
high vehicular speeds. The good connectivity findings may have beneficial implications for slower

traffic speeds possible within the study developments, thereby further decreasing the on-road

cycling
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Figure 4.15

—

Principle Shared Path

—

Recreational Shared Path

—

Perth Bicycle Network

Bicycle network routes across the Perth metropolitan region

121 | P a g e

4.3.7

Integrated development and external connectivity

Development Format

None of the 36 RESIDE developments were constructed as walled- or gated- estates. This is an
important feature of the LNG enabling the development allowing ease of access into and out of the
developments.

External connectivity
The numbers of access points provided an indication of the extent to which the developments

allowed external connectivity and formed part of the wider urban fabric, or was divided and

isolated from its surrounding areas. Table 4.11 presents the average results of the three external

connectivity measures by development type. These results suggest a high level of consideration for
pedestrian movements and accessibility.

Pedestrian-friendly vehicular external access points
Pedestrian accessibility was well catered for at the majority of the developments’ road-based

entry/exit points; high proportions of the vehicular access points provided sidewalks for

pedestrian-friendly movement. On average, 87.8% of the vehicular access points within the LN

developments and 92.4% of the vehicular access points within the CN developments had sidewalks.
The provision of sidewalks at vehicular access points ranged from about two-thirds (64%) to 100%
of all the vehicular access points across both the LN and CN developments. The high numbers of

pedestrian friendly vehicular access points highlights a trend towards ‘Liveable Neighbourhoods’
and a street-based pedestrian movement system.

Table 4.11

Mean external connectivity results by development type
Development Type

Requirement / Evaluation Measure
Pedestrian friendly vehicular access points
Pedestrian perimeter access points
External pedestrian connectivity ratio
(#access points per hectare of land)
Block accessibility ratio
*** p ≤ 0.001; ** p ≤ 0.01: * p ≤ 0.05
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p-value
LN

CN

87.80% (12.03)

92.36% (10.47)

0.235

4.13 (2.40)

3.52 (1.59)

0.376

0.43 (0.45)

0.25 (0.19)

0.160

0.47 (0.40)

0.52 (0.36)

0.687

Pedestrian perimeter access points
Similar to the measure used by McNally and Kulkarin (1999), the number of pedestrian-friendly

access points along the developments’ perimeters was identified. ON average, LNs had 4.1 access
points per kilometre whilst the CNs had 3.5 access points per kilometre. This ranged from 0.44 to
8.0 access point per kilometre across the LN developments and from 0.67 to 6.5 access points per
kilometre across the CN developments.

There were significant differences in the external connectivity measured by the number of access

points along the developments’ perimeter by scale of development across the LN developments and
the LN and CN developments combined (Table 4.12).

The largest sized developments (the

structure plan and regional scaled developments) had significantly less access points along their
perimeter (per kilometre) than the small subdivision developments.

This indicates a better

integration of the small subdivisions with their surrounding areas and a clear shift from
conventional policy that encourages cell planning to LNG which encourages integration.
Table 4.12

Mean number of access points along development perimeters (per km) by
development type and scale

Scale of Development

LN

CN

LN+CN

Small subdivision

6.08

3.34

4.71

Medium subdivision

5.24

3.63

4.44

Large subdivision

4.46

5.82

5.01

Structure Plan / Regional

2.10

2.77

2.41

p=0.015

p=0.123

p=0.010

External pedestrian connectivity ratio
The LNs had an overall higher external pedestrian connectivity ratio (0.43) compared with CNs
(0.25) and thus access to a greater number of pedestrian-friendly entry/exit points per hectare
(Table 4.11). The number of access points per hectare significantly decreased as the development
size increased in LNs, CNs and when both development types were combined.

4.3.8

Streetscapes: trees along footpaths

All of the developments had trees positioned along portions of their footpath networks. On average

both development types had around 30 trees per kilometre of footpath. This represents an average
positioning of trees at about 30m intervals along the footpath network. In reality however, the
positioning of trees was not this consistent. Around 4.5% of the total footpath networks within LN
developments had coverage from tree canopies. This ranged from 1.5% to 8.2% across the 19 LN
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developments. Similar canopy coverage’s were also found across CNs, ranging from 0.90% to 7.5%
of the footpaths being covered by canopy (mean 4.0%).

The maturity of the trees provided, and thus the size of their canopy and the potential shade offered

provided over the footpath below varied. As illustrated in Figure 4.16a, many of the developments
had planted immature trees which offered little or no immediate canopy and thus protection or

shade from the sun for the pedestrian or footpath user. This is in contrast to the shade provided for
pedestrians in the older inner city suburbs from more mature trees with greater canopy coverages
(Figure 4.16b).
A

B

Examples of trees planted alongside footpath networks in one of the evaluated developments with immature saplings
offering little or no tree canopy cover (left); compared with the canopy covered from trees planted in an older inner city
suburb of Perth

Figure 4.16

124 | P a g e

Examples of tree canopy cover along footpath networks in new and established
suburbs

Chapter 5
Measuring Implementation of the
Lot Layout Element

5.1

Introduction

The requirements contained within the lot layout element place an emphasis on greater residential
densities and a mixture of lot sizes distributed throughout the developments to facilitate housing
variety, choice and affordability, and to cater for increasingly diverse household types.

The

provision of smaller lots and locating of lots for mixing of compatible uses near centres and public
transport stops are also required to achieve sufficient densities to support these businesses and
services.

5.2

5.2.1

Methods

Development of a residential lot layer

A ‘residential lot layer’ for each housing development was created using the 2010 spatial cadastre

database (Western Australian Land Information Authority 2010). All cadastre that fell within or
intersected the development boundaries were selected (Figure 5.1a). The ‘residential dwelling
point layer’ was then overlayed and all cadastre that contained a residential dwelling point
(n=31,102) were selected (Figure 5.1b). However, cadastre were duplicated or overlapped where:

1) there was multiple ownership of a cadastre or the land use located upon the cadastre (e.g. joint

ownership of a shop or restaurant); 2) where there were multiple (different) land uses on the same

cadastre (e.g. residential accommodation above a shop); and 3) where two or more residential
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dwellings were constructed on a subdivided lot (e.g. a granny-flat built to the rear of an existing
residential property).

Where multiple cadastres were present at the same location their unique

identifying numbers were identical. All duplicate cadastre were identified (n=410) and deleted

using a script downloaded from the ESRI website (ESRI Knowledge Base 2004). This cleaned

cadastre layer formed the ‘residential lot layer’ for each housing development (Figure 5.1c). The

area of each individual cadastre was calculated as a measure of the residential lot size and spatially
joined to the development in which they were located.
B

A

C

A) Using the ‘select by location’ tool: All cadastre within or intersecting the development boundary isolated;
B) Using the ‘select by location’ tool: All cadastre containing a residential point (from the VGO dataset  or manually
digitised) were selected; C) Preserved cadastre forming the ‘residential lot layer’. ‘Calculate Geometry’ tool used to
compute the area of each lot,

Figure 5.1

Creation of a ‘residential lot layer’ in GIS

5.2.2

Lot Size and diversity

Lot size

Summary statistics were generated to identify the mean and median lot sizes for each development.

The mean lot size provided a measure of the overall size and distribution of lots within the
developments (i.e. developments with higher average values had larger lot sizes). Comparison of

the median and mean lot sizes provided some indication of the lot mix. If the mean lot size was

much higher than the median lot size, it suggested the presence of some larger lots in the

development that were distorting the mean values. The minimum and maximum lot sizes were also
identified to provide a sense of the range of lot sizes within the developments.
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Mix of lot sizes
Assigning simple typologies of size allowed for an assessment of the relative mix and share of the
different lot sizes across the development more clearly than a continuous gradient of parcel size.

All cadastre were coded into one of five size categories based on the LNG standards and previous
measures used by The Planning Group WA (2003): ≤350m2; >350 - ≤550m2; >550 - ≤750m2; >750 -

≤950m2; >950 m2. For each development, the number of cadastre within each size category was

computed as a percentage of the total number of cadastre. The presence of a greater number of lot

size-bands assists in creating a more diverse range of housing stock and choice, supporting LNG

objectives (The Planning Group WA 2003). The number of different lot size categories present
within each development was also identified.

Residential land area of different lot sizes
The area of residential land occupied by the different sized lots was identified as an indication of

the provision and distribution of different lot sizes across the developments. For example, small

numbers of large residential lots may cover a large land area, significantly affecting the density and

layout of a development. Conversely, a larger number of small lots situated on a smaller site area,
allows for higher residential densities.

The area of residential land was first determined by merging all residential cadastral parcels
(Figure 5.2a) within a development and computing the combined area (Figure 5.2b). The summed
areas of all cadastre by the different size-categories were computed as a percentage of the total
residential land area.

Provision of small lots
The LNG indicates that the provisions of small lots (i.e., ≤350m2) are more likely to result in two-

storey town housing and town centre style residential development and the densities needed to

support neighbourhood and town centres. The percentage of small lots (i.e., ≤350m2) provided
throughout the development were therefore identified (Figure 5.2c).
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B

A

C

2

≤350m

2

>350 - ≤550m

2

>550 - ≤750m

2

>750 - ≤950m
2

>950 m

A) Residential lot layer; B) Using the ‘dissolve’ tool all residential cadastre were merged and the ‘calculate geometry’
tool used to identify the total area of residential land within each development; C) Using the ‘summary statistics’
function, the summed areas of all residential lots within each size category were computed.

Figure 5.2

Identifying residential lots of different size categories

Lots near neighbourhood centres
The number of small lots provided around neighbourhood and town centres located within the

developments was also identified. Service areas extending 400m along the street network were

generated around all neighbourhood/town centres and all residential lots that fell within these
service areas identified (Figure 5.3). Summary statistics generated counts of the number of lots

within each of size category, and the number of small lots was calculated as a percentage of the
total number of lots. The area of all small lots was also calculated as a percentage of the total

residential land area within the 400m service areas (i.e., total area of all residential cadastre within
with service area).
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Centre boundary

400m service area

Lot Sizes:

≤350m2
>350 - ≤550m2
>550 - ≤750m2
>750 - ≤950m2
>950 m2

Using the ‘select by location’ tool all residential lots located within the 400m service area were selected and spatially
joined to its neighbourhood/town centre; The number of small lots (≤350m2) was calculated as a percentage of the total
number of residential lots present within the 400m service area.

Figure 5.3

Identifying ‘small lots’ located within neighbourhood centre 400m service areas

5.2.3

Housing diversity

The LNG sets out its intent to provide greater housing diversities and to offer increased housing

variety, choice and affordability, and to cater for increasingly diverse and household types. All
developments were assessed for the range of housing types provided. Analysis of the housing
diversity was only possible using the VGO data. The manually digitised dwelling points were not
assigned a dwelling type classification due to the difficulties in accurately identifying the numbers

of dwellings present in grouped housing unities (i.e., apartment blocks) or where multiple adjoining
properties on the same lot were present from the aerial ortho-imagery.

The 77 residential dwelling codes from the VGO land use dataset were collapsed into nine dwelling
type categories: 1) Single detached houses; 2) Semi-detached houses; 3) Duplex unit; 4) Triplex

unit; 5) Town house; 6) Terrace house; 7) Group house; 8) Villa house; and 9) Flat or apartment.

Housing types 3-8 (inclusive) represent medium density housing models. Retirement and Lifestyle
villages were excluded from the analysis because these were often located on private sites
developed by an independent developer or company. All VGO residential points located within the

developments were selected and ‘summary statistics’ generated to identify the numbers of
dwellings within each of the each of the nine categories.
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Mix of dwelling types
Binary variables were created to indicate the presence (or absence) of each of the nine dwelling

types within the developments. The total number of different dwelling types present within each
development was then identified (i.e. 1-9).

Residential land area of different dwellings
The area of residential land occupied by the different dwelling types was identified as an indication

of the provision and distribution of different housing types by development. The VGO-derived data

were extracted from the residential dwelling point layer and then spatially joined to the residential

lot layer. This ensured that the VGO dwelling type attributes were assigned to the respective lot on
which that dwelling was located. The summed areas of all cadastre by the nine different dwelling
type categories were computed as a percentage of the total residential land area.

Dwelling types near neighbourhood centres
The dwelling types present around the neighbourhood/town centres were also. Using the ‘select by

location’ tool all cadastre with VGO dwelling type attribute data within the 400m service areas
around the centres were identified.

Summary statistics generated counts of the numbers of

dwellings in each category, and then calculated as a percentage of the total number of dwellings

within the service area. The summed areas of all cadastre by the nine different dwelling type
categories were computed as a percentage of the total residential land area within the 400m service
areas.

5.2.4

Residential density

‘Density’ is typically used as a measure of the number of people living in a given area (e.g.,
population density/acre) or the number of housing units present per area (e.g., residential

density/hectare) (Churchman 1999). In terms of walking behaviours, higher population densities

provide a reliable customer base for local businesses and transit, making shops and services
economically viable and resulting in a greater variety of destinations within a more compact area
(e.g., traditional neighbourhoods). This affects walking behaviour by increasing the proximity of

destinations and thereby reducing the need to travel by car (Falconer 2008; Farr 2008). The LNG
sets a minimum density target of 12 to 20 dwellings per site hectare for standard lot layouts.

Given the variations in terminology and methods of density measurement it was important to

clearly define the density calculations for the LNG evaluation; specifically the base land uses to be
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included in the area denominator. The density targets within LNG are based on net residential

dwelling densities. This is defined in LNG as the number of dwelling units ÷ the total area of land

devoted to residential use. The base residential land area includes dwellings lots/yards, driveways,

private gardens and ancillary structures (e.g. garages). It excludes all other land uses such as
streets, parks and open spaces. Net residential dwelling densities were computed by dividing the
number of residential dwelling points by the area of residentially zoned land (i.e., the area of all

residential cadastre within a development).

The number of residential lots per hectare of residential land within the development was also
computed. This provided some indication as to how the residentially zoned land was distributed

and the size of residential lots, which have important implications for the residential densities
possible. For example, where a development consisted uniformly of single detached houses on
large lots the number of lots would match the number of dwellings.

However, where a

development provided apartment blocks and higher density housing (i.e. multiple dwellings
present on single lots) then the number of residential lots would be less than the number of
dwellings (Owens 2005).

5.2.5

Density near destinations

LNG sets desirable density targets for medium density housing to be produced to support selfcontained mixed-use centres public transport services. The minimum density targets within 400m

of neighbourhood and town centres were 17.5 dwellings per site hectare. These have since been

increased in the latest edition of the guidelines from to 20-30 dwellings per site hectare. The
density targets around bus stops and the size of the catchment area over which these are required
was also revised in the latest edition of the LNG from 15 dwellings per hectare within 400m to 20-

30 dwellings per hectare within 250m. The LNG also requires residential densities of at least 15
dwellings per hectare within 800m of a train station.

The residential densities within the

catchment areas of all neighbourhood centres and bus stops located within the developments were
assessed for compliance against these minimum standards as specified in the second edition of the
LNG.

Density around neighbourhood centres
Service areas extending 400m along the road network were generated around all neighbourhood

centres located within the developments (Figure 5.4a). The service areas were ‘clipped’ to the
development boundaries to ensure that only the residential densities of the service areas within the
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developments were evaluated. All ‘residential dwelling points’ located within the service areas were
then identified (Figure 5.4a). All cadastre from the ‘residential lot layer’ located within the service

area were again identified and the summed area of all these calculated to represent the net

(residential) land area (Figure 5.4b). Net residential dwelling densities were computed by dividing

the number of residential dwelling points by the area of residentially zoned land (i.e., the area of all

residential cadastre within the service area).

B

A

 Centre boundary;
A)

400m service area;  Residential dwelling points;

Residential lots

400m service areas generated around all neighbourhood centres; Select by location: all residential dwelling
points located within the service area;

B)

Select by location: all residential cadastre located within the 400m service area; Summary statistics calculate the
summed area of all cadastre = net residential land area.

Figure 5.4

Calculating residential densities within neighbourhood centre 400m service areas

Density around public transport stops
Service areas extending 400m and 250m along the road network were generated around all bus
stops and 800m around all train stations points (Public Transport Authority 2009)

(Figure

5.5Figure 5.6a). The service areas were ‘clipped’ to the development boundaries to ensure that only

the residential densities of the service areas within the developments were evaluated. Because of

the proximity of the bus stops the service areas of some bus stops along same routes overlapped.

The service areas were therefore dissolved and spatially joined to the development in which they

were located. The area of the clipped service areas within each development was calculated to
represent the ‘gross land area’ of the service areas (Figure 5.5b). All residential dwelling point

features that were located within the service areas were selected and summary statistics run to

generate a count, by development, of the number of dwelling points located within the service areas

(Figure 5.5c). All cadastre from the ‘residential lot layer’ that were located within the service areas
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were selected and the summed area calculated to represent the net (residential) land area within
the service areas (Figure 5.5d). The gross and net residential dwelling densities were calculated as

per those calculated for the neighbourhood centre catchments.

A

B

C

D

A) 250m/400m service areas generated around all bus stops []; B) all service areas within each development
dissolved to remove overlap of service areas; Calculate geometry = gross land area of service areas []; C) Select by
location: all residential dwelling point features located within the service areas; D) Select by location: all residential
lots located within the service area; summary statistics = summed area of all cadastre = residential land area.

Figure 5.5

Example of calculating residential densities within bus stop 250m areas
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5.3

Results: implementation of the lot layout requirements

The following sections outline the levels of implementation of the lot layout requirements the 19

liveable (LN) and 17 conventional (CN) developments included in the RESIDE project. The results
presented are largely descriptive but include formal tests comparing levels of compliance within

the two development types. Tests comparing levels of compliance across the four levels of scale of
development are also presented.

5.3.1

Lot size and diversity

Table 5.1 presents the average results for the measured lot layout requirements relating to lot size
and diversity and comparisons of the mean scores by development type.

Lot size
The average residential lot size was smaller in LNs (581.5m2) compared with those in CNs
(631.3m2), although this was not significantly different (p=0.117). Mean lot sizes ranged from

295m2 to 787m2 across LNs and from 486m2 to 754m2 across CNs. The median residential lot sizes
were lower in both LNs (542.5m2) and CNs (607.2m2), indicating the presence of some larger lots

within the developments, distorting the mean values. Again, the median lot sizes were smaller in
LNs compared with those in the CN developments. There were no significant differences in mean
lot sizes by scale of development, across LNs (p=0.112), CNs (p=0.395) or all developments

combined (p=0.057).
Table 5.1

Mean lot size and diversity results by development type
Development Type

Requirement / Evaluation Measure

p-value
LN

CN

Average lot size (by development) 1

647.17m2

648.99m2

0.933

Average lot size 2

581.53m2

631.33m2

0.117

Number of lot size categories present

4.33 (0.61)

4.35 (0.86)

0.488

Percentage small lots development-wide3

9.01% (20.47)

0.80% (1.10)

0.107

Percentage residential land area occupied by small lots

6.06% (17.2)

0.38% (0.5)

0.183

Percentage of small lots in centre 400m service areas 6

22.35% (19.50)

1.56% (2.71)

0.133

*** p ≤ 0.001; ** p ≤ 0.01: * p ≤ 0.05
1

Mean lot areas in each housing development were averaged

2

Average lot areas of all residential cadastre across the 19 LN (n = 16,903) and 17 CN developments (n = 14,199)

3

Number of small lots as a percentage of the total number of residential lots
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Diversity of lot sizes
Figure 5.6 illustrates the proportion of residential land area within each LN and CN development
that was occupied by the different lot size categories. Figure 5.7 presents the average proportions
of the residential land areas occupied by lots within the different lot size categories by development

type. The majority of lots within the LN developments were within the 350-550m2 (42.0%) and
550-750m2 (43.6%) size categories, occupying on average 35.5% and 44.7%, respectively, of the

residential land areas. In contrast, the CNs had a predominance of lots within the 550-750m2 size
category, with an average of 67.5% of the total number of lots falling within this size-band, which

occupied over 66.5% of the residential land area. On average, less than 2% of all residential lots, in
LN (1.9%) and CN developments (1.4%), were very large (≥950m2). However these took up an

average of 5% (CN) and 10% (LN) of the total residential land areas (Figure 5.7). Across all
evaluated developments the proportions of residential land area occupied by lots ≥950m2 ranged
from 0.0% (LN05, LN10, LN15, LN19) to 28% (LN17) within LN’s and from 0.0% (CN02, CN12,
CN15) to 20% (CN07) within CN’s. These results show that relatively small numbers of larger-sized

lots can have a disproportionately large impact on the land area they cover and therefore the
residential densities that can be achieved.

Despite the differences in distributions of lots within the size categories, there were no differences
in the number of lot size-bands present across LNs and CNs with averages of 4.3 and 4.4 different
lot size bands, respectively, present in the two development types.

Percentage of small lots
The percentage of lots less than 350m2 provided a measure of the provision of ‘small lots’ within

the developments. LNG identified these as being important because they are more likely to result in

medium-density housing such as two-storey town houses. The percentage of “small lots’ (Figure
5.6) and the proportion of residential land areas occupied by these (Figure 5.7) were noticeably
higher in LNs (9.0% of all lots occupying 6.1% of the residential land area) compared with CNs

(0.8% of lots occupying 0.4% of the residential land area). These differences were not statistically

significant. The provision of small lots ranged from 0.0% to 89.2% across LNs and from 0.0% to

3.8% across CNs. Three LN and eight CN developments had no small lots.
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Figure 5.6

Lot sizes as proportions of the area of residential land occupied in liveable (top) and
conventional (bottom) developments
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4.5

> 350 ≤ 550m2

> 550 ≤ 750m2

7.8

> 750 ≤ 950m2

9.3
5.1

> 950m2

Mean lot sizes as proportions of the area of residential land occupied by development
type

5.3.2

Lots near neighbourhood centres

The LNG calls for smaller lots capable of supporting higher densities to be located close to town and
neighbourhood centres. On average 22.4% of all residential lots located within the 400m service

areas of all neighbourhood centres were small lots (Table 5.1). This indicates a shift towards LNG

principles and the attempted provision of higher density gradients to support the neighbourhood
centres. This same trend was not evident around the CN neighbourhood centres, with an average of
just 1.6% of all the lots being ≤350m2.

5.3.3

Housing diversity

The overwhelming majority of housing stocks provided in all of the evaluated developments were
detached dwellings. However, a significantly (p≤0.05) lower proportion of the residential land area

was devoted to these dwelling types in the LNs (94%) compared with the CNs (98%). The LNs had
marginally better varieties of housing stock with an average of 2.8 different dwelling types

compared with 1.9 different types within the CNs. This was approaching significance (p=0.060).

Six LNs and six CNs contained just one residential dwelling type (i.e., detached dwellings). Six of the
19 LNs had four or more different dwelling types, although the overall proportions of these

different types were small. No more than three different dwelling types were present in any of the
CNs.

The proportion of residential land area devoted to detached dwellings ranged from 79.2% to 100%
across LNs and from 91.7% 100% across CNs (Figure 5.8). Dwellings types other than detached

houses were in the form of medium-density duplex, triplex, semi-detached, town housing, villas,
terraced or group housing models.

The increased provision of smaller lots capable of supporting higher densities within the 400m LN
neighbourhood centre catchment areas may account for the significantly greater provisions

medium density housing. Smaller dwellings in the form of town houses, villas and group houses,

such as those illustrated in Figure 5.9, positioned within the centre catchments accounted for the

greatest proportions of the residential land area devoted to the medium density housing. Whilst in

general the findings indicate a fairly uniform housing stock development-wide, the increase in the
number of small lots and diversity of housing types around the centres indicates an attempted shift
towards LNG and development of higher density mixed use neighbourhoods.
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Figure 5.8

Residential dwelling types as proportions of the area of residential land they
occupied in liveable (top) and conventional developments (bottom).

Figure 5.9

Examples of medium density housing provided around the neighbourhood centre in
development LN15
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5.3.4

Residential density

Table 5.2 presents the average results for the measured lot layout requirements relating to
residential densities and comparisons of the mean scores by development type. It also identified
the number of developments that met the LNG density standards.

Net residential dwelling density
The LNG sets net residential dwelling density standards of 12 to 20 dwellings per site hectare
development-wide. All evaluated developments exceeded the lower LNG threshold of 12 dwellings

per hectare.

Five LN and two CN developments exceeded the upper density threshold.

Development LN02 had the highest net residential density (42.3 dwellings per hectare). This was a
small subdivision located within a larger transit orientated development within the central Perth

area, not located in a predominantly suburban area as the majority of other study developments
were. Fifteen LN and nine CN developments had net residential dwelling densities of ≥16 dwellings
per site hectare.

Although the difference was not statistically significant, the average net residential densities in LNs

(19.2 dwellings per ha) was higher than in the CNs (16.7 dwellings per ha) (Table 5.2). The net
residential densities ranged from 13.8 to 42.3 dwellings per hectare across LN developments and
from 13.4 to 23.6 dwellings per hectare across CNs.

There were no differences in the net

residential dwelling densities by scale of development, across LNs (p=0. 154), CNs (p=0. 538) or

with all development combined (p=0.093). These figures indicate good levels of compliance with
the policy and a trend towards improved residential densities even in conventionally design
developments.
Table 5.2

Mean net residential dwelling densities by development type
Development Type

Requirement / Evaluation Measure
Net Residential Dwelling Density
No. (%) developments meeting LNG requirement:
net residential densities ≥12 dwellings per ha
Net Residential Lot Density

p-value
LN

CN

19.19 (6.14)

16.67 (2.56)

0.515

19 (100%)

17 (100%)

-

18.18 (6.14)

16.11 (2.56)

0.086

*** p ≤ 0.001; ** p ≤ 0.01: * p ≤ 0.05
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Net residential lot density
The net residential lot density (i.e. number of lots per site hectare) was higher in LNs (18.2 lots per
hectare) compared with CNs (16.1 lots per hectare) (Tale 5.2). This ranged from 12.8 to 33.9 lots

per site hectare within the LN developments and from 13.3 to 20.8 lots per hectare within the CNs.
These figures indicated a greater number of lots per site hectare within the LNs, and were
indicative of the smaller lot sizes present in these compared to the CNs

Density around neighbourhood centres
Table 5.3 presents the average net residential density results within neighbourhood centre and
public transport stop service areas by development type.

developments that met the LNG density standards.

It also identifies the number of

Two of the four LN developments with neighbourhood centres, met the LNG standard of ≥17.5
dwellings per ha within 400m of the centres. None of the three CN centres met this standard,

although CN17 had net residential densities approaching the desired standard at 17.2 dwellings per
hectare. Just one development (LN15) met the revised fourth edition LNG standard for residential

densities (i.e., 20-30 dwellings per ha) with 400m of neighbourhood centres with a density of 20.9
dwellings per hectare.

The average net residential dwelling densities within neighbourhood centre catchments was

marginally higher for the LN centre sites (17.5 dwellings per ha) compared with the CN centres

(16.0 dwellings per ha) (Table 5.3). This difference was not significant. Residential densities

within LN centre catchments ranged from 14.2 to 20.9 dwellings per hectare, and from 14.4 to 17.2

dwellings per hectare within the CN centre catchments.

Density around bus stops
400m service areas
The LN developments had average net residential densities of 22.1 dwellings per hectare within the
400m service areas around bus stops. These were significantly higher (p=0.005) than the average
densities (16.1 dwellings per hectare) within the CNs (Table 5.3). Densities ranged from 15.8 to

42.6 dwellings per hectare across LN bus stop service areas and from 0.0 to 22.9 dwellings per
hectare across CNs. All LNs met the LNG standard of ≥15 dwellings per hectare. These figures

suggest that a good level of compliance with LNG density targets was being achieved to support

viable bus transport services through these developments.
140 | P a g e

250m Service areas
The density targets around bus stops and the size of the catchment area over which these are

required was revised in the latest edition of the LNG from: 15 dwellings per hectare within 400m to
20-30 dwellings per hectare within 250m. Five LNs met the lower density threshold of ≥20

dwellings per hectare. One LN had residential densities exceeding the upper target (LN02: 41.3

dwellings per hectare). These figures suggest that densities were being provided in accordance

with the LNG to support bus transport services. No CN development however revised density

targets of 20-30 dwellings per ha. Two small CN subdivisions did not contain a bus stop or

intersect a 250m bus stop service area.

The LN developments had average net residential densities of 18.8 dwellings per site hectare

within the 250m bus stop service areas. These were significantly higher (p<0.05) than the average
net residential densities (14.7 dwellings per ha) within the CNs (Table 5.3).
Table 5.3

Mean net residential dwelling densities within neighbourhood centre and public
transport stop service areas
Development Type

Requirement / Evaluation Measure

p-value
LN

CN

17.49 (1.42)

15.95 (2.89)

0.448

19 (100%)

14 (82.4%)

-

n = 19

n = 17

18.76 (5.98)

14.66 (2.29)

0.011*

5 (26.3%)

0 (0%)

-

n = 19

n = 17

22.08 (6.86)

16.07 (4.74)

0.005**

19 (100%)

14 (82.4%)

-

n = 19

n = 17

13.87 (12.03)

-

-

0 (0%)

0 (0%)

-

Neighbourhood Centre 400m Service Areas
Net Residential Dwelling Density 1
No. (%) developments meeting LNG requirement:
net residential densities ≥17.5 dwellings per ha
Bus Stop 250m Service Areas
Net Residential Dwelling Density 2
No. (%) developments meeting LNG requirement:
net residential densities ≥20 dwellings per ha
Bus Stop 400m Service Areas
Net Residential Dwelling Density 2
No. (%) developments meeting LNG requirement:
net residential densities ≥15 dwellings per ha
Train Station 800m Service Areas
Net Residential Dwelling Density
No. (%) developments meeting LNG requirement:
net residential densities ≥15 dwellings per ha
*** p ≤ 0.001; ** p ≤ 0.01: * p ≤ 0.05;
1

LN developments = 4; CN developments = 3

1

LN developments = 19; CN developments = 15
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Density around train stations
Only two of the three LN developments that intersected a train station (800m) service area had any
residential dwellings located within the 800m catchments with net residential dwelling densities of

20.0 (LN12) and 21.6 (LN19) dwellings per site hectare. LN19 was the only development to meet

the LNG density standard within 800m train station catchments (i.e., ≥15 dwellings per site

hectare). This development was being constructed as a Transit Oriented Development around a

new train station – which was in place and operational at the time of evaluation. With only 23% of

its land area constructed at the time of evaluation, further construction within the development and
around the station will increase the densities within the catchment further. No CN developments
were within 800m of a train station.

Limited number of developments with residential dwelling within train station catchments areas

was a result of a combination of the location of the limited railway network and the position of the
suburban study developments on the edge of the metropolitan region not currently serviced by rail
lines.
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Chapter 6
Measuring Implementation of the
6.1

Public Parkland Element

Introduction

The Public Parkland element sets out the intent for the amount, distribution and types of public
parkland to be provided in new developments. It seeks to provide a range of parkland types which

are safe and conveniently located for the majority of residents. LNG favours the provision of a

range of open space types to meet the needs of all users groups and a balance between smaller
neighbourhood parks readily accessible to residents, and larger playing fields to be shared between

neighbourhoods. Under LNG schools are also encouraged to share their ovals or playing fields as

community facilities for out of school hour’s use wherever practicable be jointly provided with the

drainage system. Unlike current conventional development practices, LNG requires that virtually

all public parkland be overlooked by development, rather than being backed onto by development.

6.2

6.2.1

Methods

Development of a public open space layer

In 2011 the Centre for the Built Environment and Health (CBEH) was funded to create a spatial
database of the public open spaces across metropolitan Perth in response to the lack of any other

comprehensive digital datasets of public open space across Perth. Working with the CBEH GIS
team, the PhD candidate co-led the development of the “Perth Public Open Space Database”.

The term “public open space” was previously adopted by the RESIDE project as an overarching

concept to refer to “all land reserved for the provision of green space and natural environments (e.g.
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parks, reserves, bushland) and intended for use for recreation purposes (active or passive) by the
general public”. Areas where the public were not permitted except on payment, or which are
available to limited and selected numbers (e.g. membership, golf courses and sports centre
facilities) or setbacks and buffers required by legislation were not included as areas of public open

space. Four distinct types of POS were identified: (1) Parks; (2) Natural or Conservation Areas; (3)

School Grounds; (4) Degraded or Cleared Land (Figure 6.1).

All areas of POS coded as “parks” were those areas typically designed for, or able to cater for, a

range of different leisure or recreational activities – both active and passive. These included
landscaped, ornamental and manicured gardens or parks (that may or may not include children’s

play equipment) as well as publicly accessible (i.e. free to use) sports fields and ovals. Areas of
open space, such as ovals or sports courts and facilities with restricted access to the public (i.e.

belonged to sports clubs or leisure centres or fenced off school grounds) were not included. All
bushland, reserves and other similar scrub or uncleared land (i.e. not landscaped) were coded as

“natural and/or conservation areas”. These areas sometimes included informal tracks where
pedestrians might access and walk through but were typically not ‘open’ spaces that would provide
for, or encourage, a range of physical activities to take place.

All areas of POS were identified by Local Government Authority areas (LGA; n=32). For each LGA
cadastral parcels were selected based on all POS relevant land classification attributes or codes

(which varied by LGA and dataset) using a variety of databases, including: Local Planning Schemes

or Regional Schemes; Cadastre (Western Australian Land Information Authority 2010); Valuer
Generals Office (Valuer Generals Office 2009); WASLUC (Ministry for Planning 2000a); Streetsmart

(Western Australian Land Information Authority 2009); and LGA- specific land use databases. All

identified “POS-polygons” (i.e. cadastre) were manually assessed and attributed to one of the four

POS types. Where necessary, the boundaries of the POS polygons were edited to better reflect the
area of POS evident on 2010 ortho-imagery. Where a POS-polygon contained more than one type of
POS, the polygon was split with each segment classified accordingly. The Streetsmart map was

used to assist in the identification and attribution of POS forming part of a school site. All areas of
POS adjacent to a school site were classified as ‘school grounds” unless the Streetsmart imagery
indicated that the adjacent grounds were a named, publicly accessible oval or playing field.

The final layer represented a comprehensive digital database of all areas of POS across the Perth

Metropolitan region. It contained a total of 6395 areas (i.e. polygons) of POS of which; 3371 were

parks; 664 were schools; 1118 were natural and conservation areas and; 1242 were areas of
cleared or degraded land.
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P U B LI C OP E N S P A CE

Refers to land reserved for the provision of green space and natural environments (e.g. bushland and
reserves) and intended for use for recreation purposes by the general public.
It includes grassed areas and open parks, playing fields and ovals, public gardens, playgrounds and beach
parks for both formal and informal recreation, sporting endeavours, play and physical activity.
It refers to spaces accessible to the general public free of charge .

PARKS

---------------Includes parks and
recreation spaces,
grassed open
spaces, playing
fields, ovals and
other freely
accessible sports
surfaces.

Figure 6.1

NATURAL OR
CONSERVATION
AREAS

--------------Natural
environments such
as bushland,
wetlands and
coastal habitats.
Areas set aside for
conservation and to
preserve
biodiversity and
wildlife habitats.

SCHOOL GROUNDS

---------------Playing fields and
sports surfaces /
equipment adjacent
to and/or owned by
the school. May or
may not be
accessible for public
use.

DEGRADED OR
CLEARED LAND

---------------Land that does not
serve a useful
function to the
community as POS
due to lack of
infrastructure or
maintenance.
Often vacant land
cleared and
earmarked for
development

Types of public open space identified in the Perth Public Open Space Database

For the purposes of the LNG Evaluation, and in response to the “public parkland” requirements of

LNG, assessment was focused around the provision of “public parks” and “school grounds”. LNG

does recognise that other natural areas may be incorporated into neighbourhood and district parks
under certain conditions and approvals. However, when inspecting the “natural and conservation”

classified areas of public open spaces across the RESIDE developments (from the Perth Public Open

Space Database) these natural areas were often large areas of “urban bushland” 1 or reserves

identified under the “Bush Forever”10 policy for their protection and retention (Western Australian

Planning Commission 2000a). Bush Forever sites minimise the availability of active open space.

Strict limitations on how it can be developed for use and restrictions on public accessibility further
reduces opportunities for activity within these areas and other mental health benefits this type of

nature may bring (Grose 2009). Whilst these areas sometimes included informal tracks where
pedestrians might access and walk through, they were typically not “open” spaces that would

1

The term “bush” or “bushland” is an iconic Australian term used to refer to uncultivated areas of land that is generally dry
and consisting of mostly grassless soil and covered with trees, woody shrubs or other natural vegetation and bushes.
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provide for, or encourage, a range of physical activities to take place. Additionally, as the LNG

evaluation aimed to assess the public open space provided by the developer who may have had

little control in altering or developing protected bushlands, all natural and conservation areas of
public open space were excluded from all analysis of public parkland provision.

6.2.2

Identifying areas of public parkland

The ‘Perth Public Open Space Database was compiled using spatial data and imagery from 2010 was

used to identify the areas of public open space for the LNG evaluation. Using the ‘select by location’

tool in ArcMap, all polygons classified as ‘parks’ and ‘school grounds’ that were located within the
study developments were isolated and spatially joined to the development in which they were

located. When inspected however, many of the school grounds were fenced off, prohibiting or

discouraging community use out of hours. Inaccessible school grounds were therefore not included
in the area percentages of land ceded to public open space within the RESIDE developments. All
selected ‘school grounds’ were individually checked and classified by their accessibility. Playing

fields adjacent to schools sites that were clearly open around the boundary were deemed accessible

(Figure 6.2a). The presence of a fence or similar physical barrier preventing or discouraging easy
access was taken to indicate that the grounds were not intended for public use and were coded as
‘private’ (Figure 6.2b).

A

B

School site A: Perimeter of playing fields open for public use; School site B: Perimeter of playing fields fenced with
locked gates preventing access

Figure 6.2
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Identifying publicly accessible and private school grounds

6.2.3

Amount of public open space and public parkland

The LNG requires a minimum contribution of 10% of the land area in new developments be
provided as public parkland and identifies three different park types based on size and catchment

areas to provide for a range of uses and activities: local parks, neighbourhood parks and district
parks. The 10% provision of land for POS has been universally applied to all developments
throughout the state since 1956 (Grose 2007; Western Australian Planning Commission 2000b).

However, under LNG concessions were introduced to reduce the POS from 10% to 8% of the gross

subdivisible area of new developments. Reductions of up to 2% of the amount of land to be ceded
by the developer as POS may be granted under certain conditions: where the developer agrees to

maintain the POS for the first two years (Curtis & Punter 2004; Western Australian Planning
Commission 2000b); or where natural areas, cultural features or urban stormwater collection and

management facilities (open water bodies or drainage swales/basins) are present and included as
part of the POS (Western Australian Planning Commission 2000b; Western Australian Planning
Commission 2004; Carter 2012; Grose 2009).

The amount of public parkland provided within the developments was assessed against this

standard. The total area of all park polygons as well as the combined area of the parks and
accessible school grounds within each development was calculated as a percentage of the gross
(constructed) land area of the development.

6.2.4

Types of parks and public open space

Under LNG three types of public parkland are encouraged. All developments were assessed for
their provision of the following three park types:

 Local Parks: up to 0.3ha in size; these may be provided for local children’s play and as resting

places, designed as small intimate spaces and in a safe walking distance from all dwellings;
local parks should be provided in 150 to 300 metres to all dwellings;

 Neighbourhood Parks: of around 0.3-0.5ha or larger must be provided, each serving about
600 dwellings; these should be a maximum 400m walk from most dwellings;

 District Parks: of around 2.5-4 ha must be provided, each notionally serving three
neighbourhoods, and should be between a 600m and 1km walk from most dwellings; they

must be provided with sufficient land area and dimensions to incorporate grassed areas for
informal games, organised sport, hard surfaces for games such as netball and basketball, and
natural and human-made differences in elevation (which may also perform a drainage
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function); schools may also be located in conjunction with district parks, enabling joint use and
maintenance of open space such as playing fields.

Due to the lack of overlap and continuity of size classifications between the upper limit of the
neighbourhood parks (0.3-0.5ha) and the lower limit of the district parks (2.5ha), two additional
neighbourhood park categories (i.e., medium- and large-) were created for the purposes of

evaluation (Figure 6.3). Regional open space was also included; whilst it is identified in LNG that

open space of this size cannot always be dealt with as part of the developers 10% contribution, and

should be dealt with in regional planning schemes (Western Australian Planning Commission
2009) it was considered important to investigate residents access to larger areas of active open

space. Each of the parks was assigned to one of these six size classifications and summary statistics
generated a count of each of the park types present within each development. The total area of

each park type present was calculated as a percentage of the total parkland area, to provide an
indication of the distribution and provision of different parks types provided.

Regional Park
District Park

LocalPark

Small
Neighbourhood
Park

≤0.3ha

>0.3 to ≤0.5ha

Medium
Neighbourhood
Park

Large
Neighbourhood
Park

>4.0ha

>2.5 to ≤4.0ha

>1.5 to ≤2.5ha

>0.5 to ≤1.5ha

Figure 6.3

Revised LNG size classification and walkable catchments for PARKS areas of public
open space

6.2.5

Parkland facilities and amenities

Previous assessment of the features and attributes within areas of POS and parks have been

captured using environmental field audits, such as the Environment Assessment of Public
Recreation Spaces (EAPRS) (Saelens, Frank, Auffrey et al. 2006) and the Public Open Space Tool

(POST) (Broomhall, Giles-Corti & Lange 2004). POST was developed in Perth and has been shown

to reliably measure environmental features such as activities, quality, amenities and safety and has

been used to determine the overall attractiveness of public open spaces (Giles-Corti, Broomhall,
Knuiman et al. 2005). POST and other similar audit tools rely on direct observations made by

auditors which require expensive and time consuming field audits. Since POST was developed,
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there have been significant advancements in the quality and accessibility of remote sensing and
imaging technologies (e.g., high resolution satellite imagery and ortho-photography, Google earth,

Google earth street view). Other studies have previously used these techniques to successfully
audit park attributes (Taylor, Fernando, Bauman et al. 2011) and neighbourhood environments

(Clarke, Ailshire, Melendez et al. 2010). Development of the Public Open Space Desktop Auditing

Tool (POSDAT) was initiated by CBEH to audit all parks (n=3371) within the new Perth Public Open
Space Database, obviating the need visit each park to directly observe and rate the physical
environment (Edwards, Hooper, Trapp et al. 2013). POSTDAT incorporated many of the items from
POST and built on the work of Taylor and colleagues (2011) using a combination of geospatial and
electronically acquired data.

All parks in the “Perth Public Open Space Database” were audited using POSDAT between May and

August 2011 using ortho-photography from 2010. An outline of the features audited by POSDAT is

presented in Figure 6.4. The candidate was involved in the development of POSDAT and the

auditing of the 3300-plus parks in the “Perth Public Open Space Database”. A copy of the published

manuscript detailing the development, validation and reliability of the POSDAT is included in
Appendix 3 at the end of this thesis.
Activities

Environmental Quality

Amenities

Safety

• Tennis
• Soccer
• Football (AFL)
• Netball or basketball
courts
• Cricket
• Baseball
• Hockey
• Athletics
• Rugby
• Skateboarding / BMX
• Childrens playground
• Other
• Are dogs allowed

• On river or foreshore
• Adjacent to bushland
• Lake or Pond
• Water fountain
• Stream
• Wetlands
• Waterbirds
• Wildlife
• Gardens
• Number of trees
• Placement of trees
• Paths present
• Shade along paths
• Play equipment shade
• Reticulated grass

• Barbeque facilities
• Seating
•Picnic tables
• Toilets
• Public art
• Car parking

• Lighting along paths
• Lighting around courts,
BBQs

Figure 6.4

Parkland features and amenities assessed for using the POSDAT

LNG provides limited guidance on the facilities that should be provided within the different park

types, these are summarised in Table 6.1. Data were extracted from the larger Perth Public Open

Space Database to assess the provision of facilities provided within the parks as required under
LNG. Thirteen of the POSDAT items were used to identify the presence or absence of the facilities

stipulated by LNG (Table 6.5): (1) children’s play equipment; (2) ‘seating’ or ‘picnic benches’; and
(3) the presence of any one of the 10 sports surfaces/markings were taken to indicate a formal
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activity space. Crosstabs were run in SPSS to identify the features present in each park and for each

development the proportion of different sized parks with the required LNG features was calculated.
Table 6.1

Amenities and facilities required within LNG parks by size classification
Local
Parks

Small
Neigh
Parks

Medium
Neigh
Parks

Large
Neigh
Parks

Children’s play equipment









Seating







Grassed Open Space
Formal activity spaces (i.e.
sports surfaces, markings
and/or equipment)

6.2.6

District
Parks

Regional
Open
Space

















Access to public parks

As highlighted in section 6.2.7, the LNG sets a series of standards with regards to the distances that
most dwellings should be from the different park types. For the purposes of the evaluation, and as

a standard against which to assess the development, “most dwellings” was benchmarked as 60% of
dwellings, in line with the community design requirements for access to neighbourhood centres.

Accessibility analyses were not restricted to parks located within the housing developments

(Figure 6.5). This was important for determining the spatial access to a variety of park, particularly
larger areas of parkland (e.g. playing fields).

This was especially important for the smaller

subdivisions that, due to their size, would not be required to provide larger parks suitable for active
recreation.

Determining how the parks were represented in GIS for running network analyses was an
important consideration for the accurate representation of park access. Previously, point features
located at the centroid of the park (i.e. a point in the centre of the park polygon) have been used.

However, this may over estimate distances, especially for larger parks. Instead, the approach

previously used by the RESIDE project was adopted; points were generated at 50m intervals
around the park perimeter using the ‘Convert Paths to Points Hawth’s Tool’ in ArcMap (Beyer 2004).

Using the OD Cost Matrix tool road network distances were identified from each residential

dwelling point (n=31,102) to all park access points within a search radius of 2km from each
residential point (Figure 6.5).

Output tables provided the following information for each residential dwelling point: 1) the
distance to the closest/nearest park; 2) the distances to all parks accessible within 2km (to the
closest park access point).
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The Access output tables were queried to identify the following

summary statistics for each development: 1) the average distance (from all residential dwellings) to
the nearest park (of any size); 2) the average distance (from all residential dwellings) to the nearest

park of each of the six size classifications (i.e. local park, small-, medium-, and large- neighbourhood
parks, district parks and regional open spaces); 3) the number and percentage of residential
dwellings within 400m of a park (i.e. any park type); 4) the number and percentage of residential

dwellings within the LNG specified distances of the six different park types; and 5) the average
number of parks accessible by the residential dwellings.

 Housing development boundary

 800m Euclidean Buffer

A) ‘Feature to Line’ tool: convert park polygons [] to lines; B) ‘Convert Paths to Points Hawth’s’ tool: generate points
at 50m intervals along park boundary lines []; C) ‘OD Cost Matrix’: run network analyses along the road network from
all residential dwelling points (i.e., origins) [] to all park points (i.e., destinations) [].

Figure 6.5

Determining park access points and distances to parks from all residential dwelling
points

6.2.7

Parkland frontage and surveillance

Liveable Neighbourhoods aims to ensure that the design of development surrounding parks
provides high levels of visual supervision by residents to enhance personal and property security,

deterrence of crime and vandalism, and promotion of safety for park users. LNG places emphasis
on this being achieved by bounding public open spaces with streets and ensuring adjacent lots front

and overlook the public open spaces. All parks located within the developments were assessed for
their surveillance opportunities around their perimeter boundaries from both surrounding lots and

roads.
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Lot orientation ratio
All residential lots surrounding the parks were first identified (n=4605). The ‘residential lot layer’

was overlaid with the park polygons in ArcMap. Twenty-five metre buffers were then generated
around the parks and residential lots intersecting the buffer were identified and spatially joined

(Figure 6.6). A buffer distance was sought that was small enough to provide visual surveillance of
the park from surrounding the houses, but large enough to ensure cadastre separated from the

park boundary by a road would be selected. Several distances (15m, 25m. 30m, 50m) were trialled
before a 25m buffer was settled upon. Each of the selected residential lots were inspected and

classified according to the orientation of the dwelling on the lot to the park it surrounded; whether
it was orientated towards (i.e. facing / fronting) or away from (i.e. backing onto) the park (Figure
6.6). The high resolution ortho-photography was used to assess the orientation of the lots based on
a number of features visibly present and identifiable: In most instances the positioning of the
property on the lot and its orientation to the park was evident based on the presence of footpaths

and front gardens or drive ways. Fences or walls forming backyard boundaries were also clearly
identifiable. For each park, the number of cadastre orientated towards it was calculated as a ratio

of the total number of surrounding cadastre (number of lots facing the park ÷ total number of lots

surrounding the park). Higher ratios (towards 1.0) indicated a higher proportion of the bordering
houses being orientated towards the park. An average ‘Lot Orientation Ratio’ across all parks per
housing development was computed.

25

A) 25m buffers [] generated around all parks []; B) ‘Select by location’ tool: select all residential cadastre [] that
intersect the 25m buffers; C) Classify cadastre according to the orientation of the property on the lot to the park: lots
oriented towards/facing the park;  lots orientated away from the park.

Figure 6.6
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Identifying residential lots surrounding parks

This measure assumed that all houses orientated towards a park provided adequate visual

surveillance. In reality however, this may not have been the case. The conventional style of
residential construction is for the dwelling to be set back from the street on a large lot, served by a

drive way and often behind, or obscured by, a garage or car-port. Many are also contained behind

high walls or impermeable fencing, further obscuring the view from the inside of the property out
onto the street or the park.

Streetscapes and parks fronted by garage doors and high walls limit

the opportunities for passive surveillance and may do little to affect perceptions of safety from park

users. The LNG recognises that the height, character and visual permeability of lot boundaries and
fences impacts the surveillance possible from the building on that lot over the park. It also aims to

provide lots without street frontages being dominated by garages and parked cars (Western
Australian Planning Commission 2009). However, assessing the permeability of the boundaries of

all lots surrounding the parks was beyond the scope of this project. Whilst visibility from within

the dwellings may be limited as a result of the lot boundaries, a measure of lot orientation was still

deemed important as a surveillance measure because lots orientated towards the parks meant

there was potential for surveillance over the park as people navigate the development to access
their properties.

Park perimeter frontage ratio
Whilst the ‘Lot Orientation Ratios’ provided information about the proportion of surrounding
houses that fronted parks, it provided no detail on the proportion of the park perimeter that was

overlooked by dwellings. As illustrated in Figure 6.7, all of the surrounding lots may face the park,

but these may not be located on all sides of the park. This may have important implications for the
surveillance provided at different locations throughout the park. As such the lot orientation ratio
was further refined to determine the proportion of the park perimeter that was bordered by lots
fronting the park.
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A

B


–
–
C

Figure 6.7

Cadastre facing parks
Park buffer with no surrounding
cadastre
Park buffer with surrounding
cadastre

Parks A, B and C all have lot orientation ratios
of 1.0. However the surveillance of the park
from surrounding houses differs substantially
as a result of differences in the placement of
houses around the park.

Example of parks with ‘lot orientation ratios’ of 1.0 but varying proportions of the park
perimeter bordered by residential lots

Using the ‘select by attribute’ tool all cadastre classified as facing the park were selected (Figure

6.8a). The park buffer was converted from a polygon to a line feature and its length (perimeter)

computed (Figure 6.8b). The ‘erase’ tool was then used to delete portions of the buffer that were
intersected by a facing cadastre. 2 The remaining sections of the buffer reflected the length of the

park perimeter not overlooked by facing cadastre (Figure 6.8c). The length of the park perimeter

surveilled by facing cadastre was computed by subtracting this from the total perimeter length.
These figures were exported to SPSS where ‘park Perimeter frontage ratios’ were computed for each

park calculated: the length of the park buffer (perimeter) with fronting lots was computed as a ratio
of the total buffer perimeter. Average ‘park Perimeter frontage ratios’ across all parks within each
housing development was computed.

2

Because the majority of cadastre did not directly abut the park boundaries, but separated from it by roads, the perimeter of
the buffer was used as a proxy for the park boundary
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A

B

C

A) Park [—] ; ‘Feature to Line’: Convert the 25m park buffer to a line feature [—]; ‘Calculate Geometry’: compute
length of buffer line (i,e., park perimeter); B) ‘select by attribute’: all cadastre facing the park []; C) ‘Erase: delete
portions of the buffer where facing cadastre intersect – remaining line segments [—] represent the portions of the
buffer with no facing cadastre

Figure 6.8

Identifying portions of the park perimeter fronted by lots

Park perimeter roads ratio
The LNG provides additional guidance quantifying the proportion of neighbourhood park

perimeters that should be bordered by streets – indicating that streets should be present on all
sides, but at least along 75% of the perimeter. All parks within the developments were assessed

against this standard. The proportion of all park perimeters that were bordered by adjacent roads

was determined (Figure 6.9). Whilst in reality roads directly abutted the park boundaries, the

digital road centrelines layer did not. As such twenty-five metre buffers were generated around all
road centrelines to represent the extent of the road width. The park polygons were then converted
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to line features and the length (i.e. perimeter) computed. Using the ‘erase’ tool, sections of the park

boundary lines that were intersected or overlapped by a road buffer were deleted. The remaining

sections reflected the length of the park perimeter not bordered by an adjacent road (Figure 6.9).

The length of the park perimeter surveilled by adjacent roads was computed by subtracting this
from the total park perimeter length.

These figures were exported to SPSS where the ‘park perimeter roads ratio’ was calculated: the

length of the portions of the park boundary line (perimeter) with adjacent bordering roads was

computed as a ratio of the total park boundary perimeter. An average ‘park perimeter roads ratio’
across all parks per housing development was computed. Binary variables assigned to each park

indicating whether it met or failed to the meet minimum LNG standard of 75% perimeter street

frontage. For each development the number of parks that met this surveillance standard was
computed as a percentage of the total number of parks present.
A

B

C

D

A) ‘Feature to Line’: Convert the park polygon to a line feature [—] ; Buffer all road centrelines by 25m

;

B) ‘Erase’: Portions of the park boundary line that intersect a road buffer [—]; C) Length of park perimeter with a
bordering road [—]; D) Length of park perimeter with no bordering road [—].

Figure 6.9
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Identifying portions of the park perimeter bordered by streets

6.3

Results: implementation of the public parkland
requirements

The following sections outline the levels of implementation of the public parkland element in the 19
liveable (LN) and 17 conventional (CN) developments included in the RESIDE project.

6.3.1

Provision of parks and public open space

Table 6.2 presents the average results for the measured public parkland requirements relating to
the provision of public open space by development type.
developments that met the LNG standards.
Table 6.2

It also identifies the number of

Mean number and area of parks by development type
Development Type

Requirement / Evaluation Measure

p-value
LN

CN

8.05 (8.72)

5.94 (6.21)

0.414

11.99 ha

10.72 ha

0.856

8.73% (5.8)

10.12% (6.5)

0.503

7 (36.8%)

10 (58.8%)

-

Neighbourhood Centre 400m Service Areas
Number of parks
Area of parkland + accessible school grounds
Percentage of developed land area parks and accessible
school grounds
No. (%) developments meeting LNG requirement:
net residential densities ≥17.5 dwellings per ha
*** p ≤ 0.001; ** p ≤ 0.01: * p ≤ 0.05

Number of parks
On average, the LN developments had a greater number of parks (8.1) compared with the CN

developments (5.9); however this difference was not significant (Table 6.2). There were no parks

present in three small LN subdivisions. All CNs, including the four small subdivisions, had at least
one park present. The number of parks present within the development significantly increased as
the scale of the development increased, for both development types (Table 6.3).
Table 6.3

Mean numbers of parks provided by development type and scale

Scale of Development

LN

CN

LN+CN

Small subdivision

0.5

1.3

0.9

Medium subdivision

4.6

2.2

3.4

Large subdivision

6.0

6.5

6.2

Structure Plan / Regional

17.7

12.5

15.3

p=0.005

p=0.001

p=0.000
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Area of parkland
Ten LNs (52.6%) and seven CNs (41.2%) met the LNG standard with ≥10% of their gross land areas

provided as public parkland. Thirteen LNs and nine CNs had parkland provisions ≥8%, thereby
meeting the concessionary LNG standard. School grounds contributed to the parkland provision of

four regional LNs (ranging 0.8% to 4.6% of the total developed land area) and four structure plan

and regional-sized CNs (ranging 0.1% to 2.9% of the total developed land area). On average LN’s

had a greater area of public parkland (including accessible school grounds) (11.99ha) compared to

that of CNs (10.72ha). However, when computed as a percentage of constructed land area, CNs had
slightly higher average provisions of (10.1%) compared to LNs (8.7%).

The percentage area of

public parkland ranged from 1.1% to 19.4% across LNs and from 1.1% to 20.8% across CNs.

Differences in the provision of public parkland by scale of development were observed across LNs

and CNs; larger developments had greater amounts of land set aside for public parkland although

these differences were not significant (Table 6.4). When LN and CN data were combined a
significant difference in the provision of public parkland was observed (Table 6.4).
Table 6.4

Mean percentage of developed land area provided as parkland and accessible school
grounds by development type and scale

Scale of Development

LN

CN

LN+CN

Small subdivision

2.9%

8.0%

5.4%

Medium subdivision

9.7%

6.6%

8.2%

Large subdivision

12.4%

19.3%

15.2%

Structure Plan / Regional

10.9%

11.3%

11.1%

p=0.059

p=0.095

p=0.015

Parkland types
As Figure 6.10 illustrates, a variety of different sized parks were provided, in similar proportions,

across both development types. Medium-sized parks were the most commonly installed parkland
types. The public open space quotas were being provided as multiple smaller- to medium-sized

park nodes distributed throughout the developments. On average, nearly half of the land areas

provided as public open space in LNs (48.9%) and CNs (45.5%) was provided in the form of parks
≤1.5 hectares.

Around 30% of the parkland areas were provided in the form of large

neighbourhood and district parks. The provision and distribution of larger-sized parks increased
with the scale of development (Table 6.5).
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5.7

19.9

≤0.3ha
Local Parks
Parks ≤0.3ha
Pocket

6.9

Small Neighbourhood parks >0.3 - ≤0.5ha
Medium Neighbourhood Parks >0.5 - ≤1.5ha

15.7

36.3

Large Neighbourhood Parks >1.5 - 2.5ha
District Parks >2.5 - ≤4.0ha

15.5

Regional Parks >4ha

Liveable Neighbourhoods

1.9
18.2

Local Parks
Parks ≤0.3ha
Pocket
≤0.3ha

9.7

Small Neighbourhood parks >0.3 - ≤0.5ha
Medium Neighbourhood Parks >0.5 - ≤1.5ha

17.3

34.0

Large Neighbourhood Parks

>1.5 - 2.5ha

District Parks >2.5 - ≤4.0ha

13.6

Regional Parks >4ha
Conventional Developments

Figure 6.10

Proportion of the total public open space land area by park types (i.e. sizes) liveable
and conventional developments.

Table 6.5

Different park types as percentages of developed land areas by scale of development
(LN and CN developments combined)

Scale of
Development

Local
Parks

Small
Neigh.
Parks

Medium
Neigh.
Parks

Large
Neigh.
Parks

District
Parks

Regional
Parks

Small subdivision

20.0%

5.5

61.5

12.9

0.0

0.0

Medium
subdivision

7.5%

17.7

37.5

13.2

15.6

8.5

Large subdivision

1.8%

2.1

30.9

13.4

24.2

27.5

Structure Plan /
Regional

2.5%

4.5

24.8

16.5

20.6

31.1

p = 0.343

p = 0.311

p = 0.175

p = 0.976

p = 0.414

p = 0.109

The parks present within the developments tended to be similar smaller to medium-sized parks

that were highly formalised, landscaped and aesthetically presented with limited endemicvegetation (due to clear felling of the development site) and with a scarcity of natural wooded areas

and undulating landscapes. Water features in the form of lakes or ponds were also popular features
(Figure 6.11).
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Figure 6.11

Examples of highly landscaped parks within the evaluated developments

6.3.2

Parkland facilities and amenities

Figure 6.12 presents the percentages of different park types across LNs and CNs that contained the
required features under LNG. There were no significant differences in the features provided by

development type. On average, 34.1% of all parks within the LN developments and 47.5% of all
parks within CNs had play equipment. However, of the local parks, only 6% of those in LNs and

10% of those in CNs had play equipment as required by LN. The majority of play equipment was

located within neighbourhood-sized parks. Around three-quarters of all neighbourhood parks
(71% LN and 80% CN) had areas of grassed open space that would allow for active recreation and
informal games and sports activities. Only 12% of all LN and 16% of all CN district parks contained

surfaces or equipment for organised sports activities, as required under LNG. This suggests a lack
of formal sporting spaces within the evaluated developments.
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17.6 15.8

19.6

26.3
11.8

15.8

10
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Figure 6.12

Percentage of parks, by size and development type, with different features required
by LNG

6.3.3

Access to public parkland

Table 6.6 outlines the average distances to the different sized parks by development type. It also
presents the proportion of residential dwellings within LN and CN developments that were within
LNG specified distances to each of the park types and the number of developments that met these
standards.

On average, dwellings within LN developments had a park within 210m. This was marginally closer

than the distances of CN residential dwellings to their nearest park (244m) (Table 6.6). Average

distances to the nearest park from all residential dwellings ranged from 70.4m to 428.7m across
LNs and from 98.2m to 825.3m across CNs. There were no differences in distances to the nearest

parks by development types or scale of development, across LNs (p=0.563), CNs (p=0.108) or LNs
and CNs combined (p=0.432). Seventeen (89.5%) LNs and fourteen (82.4%) CNs met the LNG
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standard of having ≥60% of their residential dwellings within 400m walking distance of a park. On
average, 85.5% of all residential dwellings within LNs and 82.4% within CNs were within 400m of a
park. The proportions of residential dwellings within 400m of a park ranged from 37.2% to 100%
across LNs and from 1.6% to 100% across CNs.

Figure 6.13 illustrates the proportions of residential dwellings within the LNG specified distances
by park type and development. Few developments met the accessibility standards (i.e., ≥60^ of
residential dwellings within the specified distance) to the different park types. No development

met the LNG standard of having ≥60% of its residential dwellings within 200m of a local park.

Average distances to local parks were well above the LNG standard in both LN’s (average 911.9m,
ranging from 323.8m to 3264.4m) and CN’s (average 1100.4m, ranging from 150.0m 2262.4m).

There were no significant differences in the average number of parks accessible within 400m by
development type. All residential dwellings had an average of two parks accessible within 400m.
This ranged from 1.0 to 3.4 parks across LNs and 1.5 to 2.9 parks across CNs.
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Table 6.6

Mean distances to different parks types and proportions of dwellings (n=31,102) with
access to park types within LNG specified distances
Development Type

Requirement / Evaluation Measure

p-value
LN

CN

Distance to the nearest park

209.95m

243.69m

0.507

% of residential dwellings ≤400m of any park

85.54%

82.36%

0.694

17 (89.5%)

14 (82.4%)

-

911.85m

1100.41m

0.504

9.46%

9.94%

0.910

≥60% residential dwellings ≤200m local park

0 (0.0%)

0 (0.0%)

-

Distance to the nearest small neighbourhood park

666.54m

975.15m

0.056

% of residential dwellings ≤400m of a small
neighbourhood park

36.72%

12.80%

0.002**

≥60% dwellings ≤400m small neighbourhood park

2 (10.5)

1 (5.9%)

-

Distance to the nearest medium neighbourhood park

486.17m

505.28m

0.857

% of residential dwellings ≤400m of a medium
neighbourhood park

47.37%

48.13%

0.946

≥60% dwellings ≤400m medium neighbourhood park

7 (36.8%)

5 (29.4%)

-

Distance to the nearest large neighbourhood park

1134.27m

1476.32m

0.284

21.37%

17.95%

0.719

≥60% dwellings ≤400m large neighbourhood park

2 (10.5%)

2 (11.8%)

-

Distance to the nearest district park

1261.36m

1333.05m

0.828

30.60%

32.47%

0.840

3 (15.8)

6 (35.3)

-

1184.44m

1362.97m

0.634

88.36%

88.17%

0.985

2.32

1.96

0.186

No. (%) developments meeting LNG requirement:
≥60% residential dwellings ≤400m of any park
Distance to the nearest local park
% of residential dwellings ≤200m of a local park
No. (%) developments meeting LNG requirement:

No. (%) developments meeting LNG requirement:

No. (%) developments meeting LNG requirement:

% of residential dwellings ≤400m of a large
neighbourhood park
No. (%) developments meeting LNG requirement:

% of residential dwellings ≤600m of a district park
No. (%) developments meeting LNG requirement:
≥60% residential dwellings ≤600m district park
Distance to the nearest regional park
% of residential dwellings ≤2500m of a regional park
Number of parks accessible within 400m
*** p ≤ 0.001; ** p ≤ 0.01: * p ≤ 0.05

163 | P a g e

0

LN1

2 CN

LN 1

2 CN

164 | P a g e

Figure 6.13
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6.3.4

Parkland frontage and surveillance

Table 6.7 presents the average results for the measured public parkland requirements relating to
the surveillance of public open space and parks by development type and identifies the number of
developments that met the LNG standards.

Lot orientation ratios and park perimeter frontage
There were no overall differences in the ‘lot orientation ratios’ of LNs (0.77) and CNs (0.78), Three-

quarters of all residential lots surrounding parks within the evaluated developments were
orientated to face parks, providing opportunities for surveillance. The lot orientation ratios ranged

from 0.59 to 1.00 (i.e., all of the surrounding lots faced the park) across the LN developments and
from 0.0 (i.e., none of the surrounding lots faced the park) to 1.0 across the CN’s.

The proportions of the park perimeters fronted by residential lots, as measured by the ‘park
perimeter lot frontage ratios’ were significantly smaller in LNs (0.45) compared with those of parks

in CNs (0.58) (Table 6.7). In other words, parks within the LN developments had, on average, 45%
of their perimeters bordered by overlooking residential lots. This was significantly less compared
with the parks located in CN developments that had an average 58% of their perimeters bordered
by overlooking lots. Across the 19 LNs the average proportions of park perimeters bordered by
facing lots ranged from 14% to 64%. In contrast, the average proportions of park perimeters

fronted by lots within the CN’s ranged from 39% to 83%. None of the 19 LN’s (0%) and 3 of the 17

CN’s (17.7%) had average park perimeter lot frontage ratios ≥0.75% and thereby gaining full policy

compliance points.
Table 6.7

Mean parkland surveillance results by development type
Development Type

Requirement / Evaluation Measure

p-value
LN

CN

Average Lot Orientation Ratio

0.77 (0.11)

0.78 (0.25)

0.836

Average Parkland Perimeter Lot Frontage

0.45 (0.12)

0.58 (0.15)

0.010*

0 (0.0%)

3 (17.7%)

-

0.76 (0.13)

0.80 (0.17)

0.410

62.8%

73.3%

0.000***

8 (42.1%)

11 (64.7%)

-

No. (%) developments meeting LNG requirement:
≥75% average perimeter lot frontage ratio
Average Park Perimeter Roads Ratio
Percentage of parks with ≥75% perimeter roads ratio
No. (%) developments meeting LNG requirement:
% of parks with ≥75% perimeter roads ratio
*** p ≤ 0.001; ** p ≤ 0.01: * p ≤ 0.05
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Park perimeter roads ratio
The LNG also calls for roads to be provided on at least three sides of the parks to provide

surveillance opportunities from the street network. ‘Perimeter roads ratios’ of 0.75 were taken to

represent this LNG standard. Eight LNs and 11 CNs had average park perimeter road ratios ≥0.75%
and thereby gaining full policy compliance points.

There were no overall differences in the average ‘perimeter roads ratios’ of LNs (0.76) and CNs
(0.80) (Table 6.7), indicating that around three-quarters of the park perimeters within the

evaluated developments were bordered by adjacent roads, thereby providing opportunities for

surveillance from the street networks at required under LNG. On average 62.8% of all the parks
located within LN developments and 73.3% of those within LN developments had park perimeter

road ratios ≥0.75. The average proportion of park perimeters bordered by roads across LN
developments ranged from 45% to 96% and from 45% to 100% across the CN’s.

These figures indicate a trend towards LN and surveillance from the street system. The high
perimeter roads ratios also increase the access opportunities from the street system rather than

from public access ways. The trend towards smaller parks dispersed throughout the development
also increases surveillance from the streets.
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Chapter 7
Quantifying Compliance with the

Liveable Neighbourhoods Guidelines

7.1

Introduction

Chapters 3 to 6 covered the second phase of the process evaluation, presenting the methods of

measurement and results of the on-ground implementation of the LNG requirements by the four
elements. The objective of third phase of the process evaluation was to quantify how well the onground outcomes in each of the developments complied with the LNG. This chapter outlines the

development of a scoring system applied to each of the measured requirements to quantify the
measured on-ground outcomes and levels of implementation in each of the developments against

the standards and on-ground outcomes envisaged by the LNG. The aims of this chapter were to

compute scores to determine the levels of compliance with each of the four LNG elements, as well
as determining the overall level of compliance with the LNG (Figure 7.1).

Community
design
requirements

∑

+

+
Movement
network
requirements

Lot layout
requirements

∑

∑

+

Public parkland
requirements

=

∑

= POLICY COMPLIANCE BY ELEMENT
Figure 7.1

Computing policy implementation scores by element and overall
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= TOTAL POLICY COMPLIANCE

∑

7.2

Scoring the LNG requirements

Each of the LNG requirements was allocated a maximum score of one point.

All measured

requirements were then assigned a ‘score’ from zero to one according to their level of

implementation against the policy specifications or standards.
requirements were applied:

Two methods of ‘scoring’ the

 Binary scores – if the measured feature met or exceeded the LNG standard for that
requirement it scored the maximum one point available.

If the measured level of

implementation failed to meet the standard threshold it received no points (i.e. score of
zero).

 Graduated scores – varying levels of implementation and compliance were rewarded.
Where the measured feature met (or exceeded) the standard it scored the maximum points
possible, but varied levels of implementation below this threshold were also given credit.
The scoring procedure applied to each requirement was dependent on two factors:

 Whether the requirement was a mandatory (i.e., “must be satisfied - where a particular

response is required”) or desirable (i.e., “should be considered – where there are a range of

solutions”) requirement; and

 The specification of a standard in LNG or thresholds identified elsewhere.
Figure 7.2 illustrates the decision tree that was produced to assist in the identification of the
relevant scoring procedure for each of the measured LNG requirements. All requirements phrased

as “matters that must be satisfied” were deemed mandatory. Where these also stipulated a desired

standard or threshold binary scores were applied that reflected these.

The majority of the

requirements however either failed to stipulate a desired standard against which compliance could
be assessed and/or were indicated as matters that ‘should be considered’. In such instances where

the LNG failed to specify a standard for implementation (regardless of whether it was a mandatory
or desirable feature) one of two solutions was employed:

 Where existing measures of environmental features identified from the literature had
recognised or accepted thresholds these were adopted and scores from zero to one applied

accordingly. For example , the Connected Node Ratio, used widely throughout the planning

and physical activity fields for assessing the connectivity of the street networks, adopts the
following criteria: Areas with high (“good”) connectivity score between 0.7 and 0.9 while

poorly connected networks score between 0.3 and 0.5 (Steiner, Bond, Miller et al. 2004;
Criterion Planners/Engineers Inc. 2002).

Scores from zero to one (indicating full

compliance) were applied to these categories: zero points for ratios less than 0.5 scored
168 | P a g e

zero points; 0.5 points for ratios between 0.5 and 0.7 scored 0.5 points; and one point for
ratios ≥0.7;

 Where no existing measures could be found, thresholds for compliance were developed. As

most of the measures took the form of a ratio (i.e. a measured output between 0.0–1.0)
graduated scoring systems were applied to indicate varying levels of compliance.

Only those requirements applicable to a given scale of development were included in the

summation of ‘policy scores’ for developments of those respective sizes. This ensured that each of
the developments was assessed for levels of compliance against the design features expected of

them according to their scale. For example, the small, medium and large subdivisions were not
evaluated against the provision of a neighbourhood or town centre. The following sections outline,

by element, each of the 43 measured requirements, the scoring thresholds and points systems
applied and the scale(s) of development at which they were applied.

169 | P a g e

Is the requirement a matter that “must be satisfied” or “should be considered”?

The requirement
“should be
considered”

The requirement
“must be satisfied”

Is there a clear standard
for the requirement
within the LNG?

YES

USE the LNG standard
Assign binary scores

Is there a clear standard
for the requirement
within the LNG?

NO

NO

Are there existing
standards or thresholds
identified from literature
to use?

YES

YES

USE the LNG standard
Assign graduated scores

NO

Adopt & use the identified standard

Manually create graduated standards

Assign scores reflecting the thresholds or
categories of the adopted standard

Assign graduated scores reflecting
categories based on the distribution of data

Figure 7.2
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Decision tree for identifying the scoring methods of individual LNG requirements

7.2.1

Scoring community design requirements

Table 7.1 identifies the measured LNG requirements from the community design element, the

scoring thresholds and points applied to each and the scale(s) of development at which they were

applicable. Larger structure plans and regional-sized developments were expected to comply with

the community design element as well as all other mandatory requirements. Scoring was therefore
based on the assumption that developments had the complete suite of community design features

relevant to its scale. For example, all structure plan and regional-sized developments should have a
neighbourhood centre and primary school site and as such were scored against the assumption that

these would be present. If no centres or school sites were present, the development ‘missed out’ on

additional points relating to the specific characteristics of these. The following sections discuss the
scoring systems applied to each of the respective requirements.

Access to community design destinations
The LNG indicated the proportion of residential dwellings (i.e., ≥60%) that ‘should’ be within 400m

of: a neighbourhood or town centre; a primary school; and a bus stop; and within 800m of a train
station. All developments, regardless of their scale, were assessed for their access these four
destinations against these distance standards. Graduated score were applied (Table 7.1).

Centre contents
Developments with neighbourhood or town centres could gain extra points based on the

destinations provided. Developments with centres that contained the three destinations required
as a minimum requirement under LNG received one point. Points were also assigned based on the
diversity of the destination types contained. A graduated score was devised such that the greater
the number of destination types present (up to a total of eight different types), the greater the

compliance score achieved. A third point was achieved by having a bus stop accessible within
250m of the centre boundary.

Primary schools
The larger structure-plan and regional-sized developments with ≥1500 residential lots gained

points for the provision of primary school sites as required under LNG. These developments also
gained points based on the characteristics of the school sites. Four additional points were available
in relation to the size of the school site and provision of playing fields, the walkability of the streets
within the 400m catchment areas surrounding the school site, the type of roads surrounding the
school and the potential surveillance opportunities from surrounding roads.
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Evaluation Measure

Access to neighbourhood or town centres:
Percentage of residential dwellings within 400m of a centre

2.

Destination diversity score

Bus stop located within 250m of the centre perimeter

4.

5.

Access to a train station:
Percentage of residential dwellings within 800m of a train station

7.
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Access to bus stops:
Percentage of residential dwellings within 400m of a bus stop

6.

Public Transport

Minimum uses present within the centre :
Convenience store, post box, and bus stop within centre

3.

Centre Contents (where a centre is present within the development)

Neighbourhood or town centre present within the development

1.





0.0 pts
0.5 pts
1.0 pts





0.0 pts
0.5 pts
1.0 pts

< 30%
≥30% - <60%
≥ 60%













0.0 pts
0.25 pts
0.5 pts
1.0 pts
0.0 pts
1.0 pts



0.0 pts
1.0 pts

< 30%
≥30% - <60%
≥ 60%

No
Yes

0-2 types
3-4 types
5-6 types
7-8 types

All 3 Not Present
All 3 Present



Structure
Plan

0.0 pts
0.5 pts
1.0 pts


Large
subdivision

< 30%
≥30% - <60%
≥ 60%


Medium
subdivision





Small
subdivision

0.0 pts
1.0 pts

Scoring

Absent
Present

Thresholds for
Compliance

Scoring criteria for the community design requirements

Provision and Location of Activity Centres

Table 7.1















Regional /
District

Access to primary schools:
Percentage of residential dwellings within 400m of a school

9.

MAXIMUM SCORE ATTAINABLE

13. School Perimeter Roads Ratio

12. Do the surrounding streets terminate in culs-de-sac

11. School Walkability Index

10. Size of the school grounds & playing fields
0.0 pts
1.0 pts
0.0 pts
0.5 pts
1.0 pts
0.0 pts
1.0 pts
0.0 pts
0.5 pts
1.0 pts

[OR]
With shared field:
< 3.5 ha
≥ 3.5 ha
< 1.0
≥ 1.0 - < 1.5
≥ 1.5 – 2.0
Any
None
< 0.5
≥ 0.5 - < 0.75
≥ 0.75 – 1.0

With playing field:
< 4.0 ha
≥ 4.0 ha
0.0 pts
1.0 pts

4

4

4

13











Structure
Plan

0.0 pts
0.5 pts
1.0 pts


Large
subdivision

< 30%
≥30% - <60%
≥ 60%


Medium
subdivision





Small
subdivision

0.0 pts
1.0 pts

Scoring

Absent
Present

Thresholds for
Compliance

Primary School Sites & Street Networks (where a school is present within the development)

Primary school present within the development
(required if ≥ 1500 dwellings present)

8.

Provision of and Access to primary schools

Evaluation Measure
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13













Regional /
District

7.2.2

Scoring movement network requirements

Table 7.2 identifies the measured LNG requirements from the movement network element, the
scoring thresholds and points applied to each and the scale(s) of development at which they were
applicable.

Street connectivity: connected node ratios
The LNG provides no guidance quantifying the actual level or standard of connectivity required. As
such the connected node ratio and its agreed standards used widely throughout the planning and

physical activity fields were used to determine compliance relating to connectivity of the street

networks within the developments (Steiner, Bond, Miller et al. 2004; Criterion Planners/Engineers
Inc. 2002). Three categories of scores, from zero to one point (i.e., indicating full compliance) were
applied to these categories.

Walkable block ratios
The standard for block perimeters was a “desirable” feature under LNG. The share of blocks
meeting a minimum (or maximum) size standard has previously been used as a potential
performance indicator elsewhere (Dill 2003). The Planning Group WA (The Planning Group WA

2003) previously quantified the share of blocks meeting the LNG perimeter standard as an

indicator of the walkability of an area. A graduated scoring system was applied to the walkable
blocks ratio.

Integrated development & external connectivity
Any developments constructed as walled- or gated- communities scored zero points. The number
of (pedestrian-friendly) access points positioned per kilometre along the perimeter of the

developments was used for the scoring of external connectivity. Scoring categories were devised to

reflect the average number of access points per kilometre along the perimeter. The LNG stipulates

that “Street stubs should be provided at spacing’s of 200m or closer to enable street connections to be
made to adjacent future areas” (Western Australian Planning Commission 2000). An average
number of 5 access points per perimeter kilometre roughly translates to external access points

being provided at about 200m intervals (i.e., 1000m ÷ 5 = 200m), the same distance required for

new street spacing’s under LNG. This was therefore deemed an appropriate level for indicating full
compliance. Other graduated scores were as follows: An average of less than 1 access point per

kilometre around the perimeter scored zero points. Two external access points translated to one
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every 500m or so and scored 0.25 points. Three or four access points indicated one was present
around every 333m to 240m, scoring 0.5 points.

Culs-de-sac
A major difference promoted by LNG from conventionally designed suburban street systems is the

less frequent use of culs-de-sac. Where culs-de-sac are incorporated into the street systems LNG

sets out a series of standards relating to the characteristics of the culs-de-sac that “should” be
adhered to. Where a development contained no culs-de-sac, it was given a score of 2.0 points.

Where any culs-de-sac were present they were assessed against four criteria relating to the length,
linking routes, number of lots positioned on each, and the overall proportion of dwellings situated
on culs-de-sac. A maximum of 0.5 points could be achieved on each criteria, such that if all the LNG

standards were met a score of 2.0 points would be achieved – equalling that of developmetns with
no culs-de-sac. If ≥75% of all the culs-de-sac within a development met the LNG standards relating

to length (i.e. ≤120m long), the provison of linking routes and the number of lots per cul-de-sac (i.e.,
≤20) full compliance poitns were awarded. The ttoal proportion of residential lots on culs-de-sac

was treated as a compulsory requirement. Developments had to have ≤15% of their residential lots
on culs-de-sac in order to gain full compliance credits.

Sidewalk to road ratios
The LNG indicates that footpaths ‘must’ be provided on both sides of the street. A sidewalk to road

ratio of 2.0 indicated that there was twice as many sidewalk networks compared to road networks.
This was taken to indicate that sidewalks were provided on both sides of the street as required by
LNG and thus scored full compliance points. However, LNG does allow some concessions for

sidewalk provision as long as they are provided on at least one side of the street. Despite the

sidewalk provisions being identified as a compulsory requirement, a graduated scoring system was
applied because of the concessions allowed for under LNG. Additionally none of the developments

had sidewalk to road ratios approaching the desired ratio of 2.0. The use of a graduated points

system gave credit to the few developments that had sidewalk to road ratios of around 1.0,
indicating that equal lengths (i.e. provisions) of sidewalk and road networks were present, and thus

sidewalks were present along the entire length of the road network (on one side). The same
approach was taken when scoring the sidewalk to road ratios around the activity centres and
primary schools sites.
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Cycling networks
The cycle path to roads ratio was computed to identify the length of cycle path provision compared

to that of the road networks. Unlike the requirements for the footpaths, LNG did not offer any
guidance as the amount of cycle paths that should be provided, but that the network should

comprise both on- and off- road networks. For the purposes of computing compliance scores then,

the RESIDE developments were given credit for both their on- and off-road routes. Maximum
points could be achieved if the length of cycle paths equalled or exceed the length of the road

network cycle paths (i.e. cycle path to road ratios ≥1.0). Similarly, developments achieved higher
compliance points by ensuring high levels of cyclable-friendly roads for on-road cycling trips.

Streetscapes: trees along footpaths
LNG addresses the streetscapes of the movement networks through the provision of street trees.
However, it provided no specific details relating to the number or spacing of street tree provisions

along the movement networks, and against which to assess implementation within the

developments. No guidance on street tree spacing could be found elsewhere. Additionally, the
question of adequate tree may also be influenced by the tree type and its potential canopy size.

Scoring categories were therefore devised based on the distribution of the data (and provision of
trees along the footpath networks) across the developments.
Footpath tree density
The distribution of tree densities along the footpath networks across the developments ranged

from 11.1 to 64.8 trees per kilometre of footpath. An average number of 10 trees per perimeter

kilometre of footpath roughly translated to trees being provided at 100m intervals along the
footpaths (i.e., 1000m ÷ 10 = 100m). Similarly, an average number of 60 trees per perimeter

kilometre of footpath roughly translated to trees being provided at 16.7m intervals along the

footpaths (i.e., 1000m ÷ 16 = 16.7m). The compliance scores were quartiled such that less than 10
trees per kilometre (i.e., one tree every 100m) scored zero compliance points and having 50 or
more trees per kilometre (i.e., one every 20 metres) achieved maximum points.
Footpath tree canopy coverage
The distribution of the percentage of the footpaths networks shaded by tree canopy cover ranged

from 0.9% to 8.2% across the 36 developments. Based on distribution of these data, the point’s

categories were tertiled to ensure that the developments with the highest tree canopy covers
achieved greater credit.
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Any [Go to 20.]
None [Go to 24.]

< 0.5
≥ 0.5 - < 0.75
≥ 0.75

≤ 1 / km
≥ 2 / km
> 2 - ≤4 / km
> 4 / km

Gated / Walled
Open

< 0.5
≥ 0.5 - < 0.75
≥ 0.75

Poor < 0.5
Good ≥ 0.5 - < 0.7
Excellent ≥ 0.7 –
1.0

Thresholds for
Compliance

20. Cul-de-sac Length Ratio

< 0.5
≥ 0.5 - < 0.75
≥ 0.75 – 1.0

Culs-de-sac Characteristics (where any culs-de-sac are present within the development)

19. Any cul-de-sacs present within the development

Culs-de-sac

18. Walkable Roads Ratio

Road Hierarchy

17. Pedestrian Perimeter Access Points
(# pedestrian-friendly access point along the perimeter)

16. Development Format

Integrated Development (External Connectivity)

15. Walkable Block Ratio

Neighbourhood Permeability (Blocks)

14. Connected Node Ratio

Evaluation Measure

Scoring criteria for the movement network requirements

Street Connectivity

Table 7.2

0.0 pts
0.25 pts
0.5 pts

0.0 pts
2.0 pts

0.0 pts
0.5 pts
1.0 pts

0.0 pts
0.25 pts
0.5 pts
1.0 pts

0.0 pts
1.0 pts

0.0 pts
0.5 pts
1.0 pts

0.0 pts
0.5 pts
1.0 pts

Scoring















Small
subdivision















Medium
subdivision















Large
subdivision















Structure
Plan
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Regional /
District



0.0 pts
0.5 pts
1.0 pts

< 0.5
≥ 0.5 - < 1.0
≥ 1.0 - 1.5

24. Sidewalk to Road Ratio

25. Footpath to Road Ratio

0.0 pts
0.25 pts
0.5 pts
1.0 pts
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27. Sidewalk to Road Ratio within school service area

< 0.5
≥ 0.5 - < 1.0
≥1.0 - < 2.0
≥ 2.0

0.0 pts
0.25 pts
0.5 pts
1.0 pts

Footpath Networks Around Primary Schools (where a primary school is present within the development)

26. Sidewalk to Road Ratio within centre service area

< 0.5
≥ 0.5 - < 1.0
≥1.0 - < 2.0
≥ 2.0











Medium
subdivision

Footpath Networks Around Neighbourhood/Town Centres (where a neighbourhood or town centre is present within the development)



0.0 pts
0.25 pts
0.5 pts
1.0 pts

< 0.5
≥ 0.5 - < 1.0
≥1.0 - < 2.0
≥ 2.0

Footpath Networks

Where culs-de-sac are present score max. 2.0pts based on characteristics (#20-24 inclusive):

23. Percentage of Lots on Cul-de-sacs





0.0 pts
0.25 pts
0.5 pts

< 0.5
≥ 0.5 - < 0.75
≥ 0.75 – 1.0

22. Cul-de-sac Lot Ratio

0.0 pts
1.0 pts



0.0 pts
0.25 pts
0.5 pts

< 0.5
≥ 0.5 - < 0.75
≥ 0.75 – 1.0

21. Cul-de-sac Link Ratio

>15%
≤15%

Small
subdivision

Scoring

Thresholds for
Compliance

Evaluation Measure











Large
subdivision















Structure
Plan















Regional /
District

MAXIMUM SCORE ATTAINABLE

31. Tree Canopy Coverage over footpaths

30. Number of Trees per Footpath Length (km)

Streetscape

29. Cyclable Roads Ratio

28. Cycle Path to Roads Ratio

Cycling Networks

Evaluation Measure



0.0 pts
0.5 pts
1.0 pts

< 3%
≥3% - < 6%
≥ 6%

17



0.0 pts
0.5 pts
0.75 pts
1.0 pts



0.0 pts
0.5 pts
1.0 pts

< 0.5
≥ 0.5 - < 0.75
≥ 0.75 – 1.0

< 10
≥10 - < 30
≥ 30- < 50
≥ 50



Small
subdivision

0.0 pts
0.5 pts
1.0 pts

Scoring

< 0.5
≥ 0.5 - < 1.0
≥ 1.0 - 1.5

Thresholds for
Compliance

17









Medium
subdivision

17









Large
subdivision

19









Structure
Plan
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19









Regional /
District

7.2.3

Scoring lot layout requirements

Table 7.3 identifies the measured LNG requirements from the lot layout element, the scoring
thresholds and points applied to each and the scale(s) of development at which they were
applicable.

Net residential density
The LNG sets minimum density targets of 12 to 20 dwellings per site hectare across the entire
development area to achieve sufficient urban densities to create self-sustaining neighbourhoods.

The points system was designed to reflect the lower and upper limits of these density targets.

Developments with net residential dwellings densities below the minimum threshold (i.e., 12
dwellings per site hectare) did not score. Net residential densities between 12 and 15 dwellings
per site hectare scored 0.5 points and those with densities greater than 15 to 20 (or higher)
dwellings per hectare gained full compliance points.

Lot size and diversity
Whilst the LNG emphasises the provisions of greater varieties of lot sizes throughout the
development for improved housing choice and affordability, it stops short of providing specific

guidance on the preferred proportions or minimum targets of lots of different sizes within

developments. Compliance scores attainable for this requirement therefore related to the number
of different lot size-bands provided for across the development. Maximum points were achieved by

having lots within five different size-bands.

Whilst LNG requires greater provisions of smaller lots near centres to achieve sufficient densities to
support these, it again provides no quantifiable guidance or standard on the actual increases in

proportions of lots of this size that should be provided around the centres. The distribution of the
percentage of lots that were ≤350m2 around the activity centres ranged from 0% to 51%. Scoring
categories were therefore devised based on the distribution of the data to ensure that those
developments with higher proportions of smaller lots and thus attempting to greater higher density

town or neighbourhood centres, in accordance with LNG principles, were rewarded with full

compliance points. Developments with greater than 50% of the residential lots ceded as small lots

within 400m of the activity centres gained maximum compliance points. The percentage change in

small lots from development-wide to within the 400m service areas around centres was also based
on the distribution of data.
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Housing diversity
The number of different dwelling types provided within the developments. The greater the variety

of house types provided, the greater the compliance scores achieved.

Net residential densities near destinations
Two density targets were set for bus stops, and the size of the catchment area over which these

were required also differed: 15 dwellings per hectare within 400m; and 20-30 dwellings per
hectare within 250m. All but one development exceeded the standard for 15 dwellings per ha

within 400m of a bus stop, and most considerably so. Given this, the higher density standards were
adopted for the purposes of scoring levels of compliance on this requirement. The points system
was designed to reflect the lower and upper limits of density targets and the distribution of data.

Developments with net residential dwellings densities below the minimum threshold (i.e., 15
dwellings per site hectare) did not score. Net residential densities between 15 and 20 dwellings
per site hectare scored 0.5 points and those with densities greater than 20 to 30 (or higher)

dwellings per hectare gained full compliance points. The scoring applied to the densities around

neighbourhood or town centres and train stations directly reflected the targets outlined in LNG.
Graduated scores were applied to allow for variations in the densities achieved.
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38. Change in percentage of small lots
(from development-wide to within the centre service area)



0.0 pts
0.25 pts
0.5 pts
0.75 pts
1.0 pts



No change
<5%
≥5% - <15%
≥15% - <25%
≥25%







0.0 pts
0.5 pts
1.0 pts

0.0 pts
0.25 pts
0.5 pts
0.75 pts
1.0 pts

< 30%
≥30% - <50%
≥ 50%

1 size
2 sizes
3 sizes
4 sizes
5 sizes

37. Percentage of small lots around activity centres (within the 400m
service area)

36. Lot Size-Band Mix
(number of different lot size-bands present within the development)

Lot Size and Diversity



0.0 pts
0.5 pts
1.0 pts

< 20 /ha
≥20 – < 30 /ha
≥30 – 40 /ha



35. Net Residential density within train station (800m) catchments







0.0 pts
0.5 pts
1.0 pts

33. Net Residential density within centre (400m) service areas

32. Net Residential Dwelling Density (development-wide)

<15 /ha
≥15 – <20 /ha
≥20 – 30 /ha



Structure
Plan

34. Net Residential density within bus stop (250m) service areas



Large
subdivision





Medium
subdivision

0.0 pts
0.5 pts
1.0 pts



Small
subdivision

<15 /ha
≥15 – < 17.5 /ha
≥17.5 /ha

Scoring

0.0 pts
0.5 pts
1.0 pts

Thresholds for
Compliance

<12 /ha
≥12 – <15 /ha
≥ 15 – 20 /ha

Evaluation Measure

Scoring criteria for the lot layout requirements

Residential Density

Table 7.3















Regional /
District

MAXIMUM SCORE ATTAINABLE

39. Dwelling Stock Mix (number of different dwelling types present within
the development)

Housing Diversity

Evaluation Measure

1 type
2-3 types
4-5 types
6-7 types
7-9 types

Thresholds for
Compliance

0.0 pts
0.25 pts
0.5 pts
0.75 pts
1.0 pts

Scoring

4



Small
subdivision

4



Medium
subdivision

4



Large
subdivision

8



Structure
Plan
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8



Regional /
District

7.2.4

Scoring public parkland requirements

Table 7.4 identifies the measured LNG requirements from the Public Parkland Element, the scoring
thresholds and points applied to each and the scale(s) of development at which they were
applicable.

Amount of public open space
The LNG sets minimum parkland provision targets of 10% of the gross subdivisible land to be
ceded as public open space. However, LNG does allow for concessions of parkland provision to a

minimum of 8% of the land area. The scoring levels reflected this, with public open space provision
below 8% failing to score. Those developments with provision of 8% to 10% of their constructed

land areas were award 0.5 points and those with 10% of more land areas set aside as public open
space achieved the full compliance point.

Different parkland types present
Developments received credit for the diversity of their parks. Points were gained for each of the

different park types that were present. The parkland mix score provided additional credit where

developments had the desired combinations of different park types expected by their scale of
development.

Access to parks
The LNG indicated the proportion of residential dwellings that ‘should’ be within walkable distances

to parks. These desirable distances also varied by park size. Graduated score were therefore
applied to each of the park types, with REIDE developments credited for the proportions of
residential dwellings within the specified distances to each of the park types. Developments that

had 60% or more of their dwellings within the specified distances received full compliance points.
Those with less than 30% of dwellings within the specified distances failed to score any points.

Park facilities
Developments received credit for the proportions of their parks with each of the different LNGidentified facilities that were present. Given the variety of features that could be present in the

various park types (e.g., playground provision was not just restricted to localy-0sized parks but also

present in larger neighbourhood and district parks) these were grouped for the purposes of scoring
against this requirement.
184 | P a g e

Parkland frontage and surveillance
LNG indicates that parks ‘should’ have surveillance form streets and/or building frontage around its
entire perimeter. For both measures of park surveillance (i.e., the park perimeter lot frontage and

park perimeter roads ratios) the average values across all parks within each development were
used for scoring compliance. If developments had ratios ≥0.75, which indicated that, on average,

their parks had greater than 75% of their perimeter bordered by streets and lots that fronted the
park, they scored full compliance points. Half points were scored if this value was between 0.5 and
0.75.

185 | P a g e

186 | P a g e

47. Percentage of dwellings ≤200m of a Local Park

46. Percentage of dwellings ≤400m of any park

Parkland Accessibility

45. Parkland Mix – All park types present

44. District Parks present within the development

43. Any Neighbourhood Parks present within the development

42. Any Local Parks present within the development

41. Any Park present within the development

Parkland Type, Function and Distribution

40. Percentage of constructed Land Area provided as public open space
/ parks

Evaluation Measure

Scoring criteria for the public parkland requirements

Amount of Parkland

Table 7.4

0.0 pts
1.0 pts
0.0 pts
1.0 pts
0.0 pts
1.0 pts
0.0 pts
1.0 pts

Absent
Present
Absent
Present
Absent
Present
Any type absent
All types present

0.5 pts
1.0 pts
0.0 pts
0.5 pts
1.0 pts

≥30% - <60%
≥ 60%
< 30%
≥30% - <60%
≥ 60%

0.0 pts

1.0 pts

< 30%

0.0 pts

Absent

1.0 pts

Present

0.5 pts

≥ 10%

0.0 pts

Scoring

≥ 8% - < 10%

< 8%

Thresholds for
Compliance













Small
subdivision















Medium
subdivision















Large
subdivision

















Structure
Plan

















Regional /
District

55. Percentage of parks within the development with Formal activity
spaces (sports surfaces)

54. Percentage of parks within the development with Informal active
areas (i.e. grassed open space)

53. Percentage of parks within the development with Seating

52. Percentage of parks within the development with Play Equipment

Park Facilities and Amenities

51. Percentage of dwellings ≤600m of a District Park

50. Percentage of dwellings ≤400m of a Large Neighbourhood Park

49. Percentage of dwellings ≤400m of a Medium Neighbourhood Park

48. Percentage of dwellings ≤400m of a Small Neighbourhood Park

Evaluation Measure

0.0 pts

< 50%

0.5 pts
1.0 pts

≥50% - <75%
≥ 75%

0.0 pts

1.0 pts

< 50%

0.5 pts

≥ 75%

1.0 pts

0.0 pts

< 50%
≥50% - <75%

0.5 pts

1.0 pts

≥ 75%

0.5 pts

≥ 75%

≥50% - <75%

0.0 pts

< 50%

1.0 pts

≥ 60%

≥50% - <75%

0.5 pts

≥30% - <60%

0.0 pts

0.0 pts

< 30%

< 30%

1.0 pts

≥ 60%

1.0 pts

0.5 pts

0.5 pts

0.0 pts

< 30%
≥30% - <60%

≥ 60%

1.0 pts

≥30% - <60%

0.5 pts

≥ 60%

0.0 pts

Scoring

≥30% - <60%

< 30%

Thresholds for
Compliance





Small
subdivision













Medium
subdivision















Large
subdivision

















Structure
Plan
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Regional /
District
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MAXIMUM SCORE ATTAINABLE

57. Park Perimeter Roads Ratio

56. Park Perimeter Lot Frontage

Parkland Frontage and Surveillance

Evaluation Measure

0.0 pts
0.5 pts
1.0 pts

≥ 0.75 – 1.0

1.0 pts

< 0.5

0.5 pts

≥ 0.75 – 1.0
≥ 0.5 - < 0.75

0.0 pts

< 0.5

Scoring

≥ 0.5 - < 0.75

Thresholds for
Compliance

10





Small
subdivision

15





Medium
subdivision

16





Large
subdivision

18





Structure
Plan

18





Regional /
District

7.3

Computing implementation scores

Table 7.5 outlines the maximum scores attainable for each of the four elements and the combined
scores across all elements by the different scale of developments. For each of the evaluated
developments, the implementation scores for the four elements were computed by summing

together the scores obtained on all requirements under the respective elements that were relevant
to its scale. Overall policy implementation scores were calculated by summing the scores of all four
elements.
Table 7.5

Maximum policy scores attainable by LNG elements and scales of development
CD

MN

LL

PP

Total

Small subdivision

4

17

4

10

35

Medium subdivision

4

17

4

15

40

Large subdivision

4

17

4

16

41

Structure Plan

13

19

8

18

58

Regional / District

13

19

8

18

58

CD = community design; MN = movement network; LL = lot layout; PP= public parkland

7.4

Determining percentage policy compliance

Policy compliance was defined as the degree to which the construction of the developments

adhered with, or met, the standards of the requirements outlined within the LNG. Quantification of

compliance was determined through the computation of ‘percentage policy compliance scores’. The

overall implementation scores and those for each of the four elements were calculated as a
percentage of the maximum policy scores attainable.

7.5

7.5.1

Results

Compliance with the community design element

Figures 7.3 and 7.4 illustrate the percentage compliance scores for the community design element

for each of the 36 evaluated developments. Table 7.6 provides the averaged percentage compliance
scores for the different scales of development.

On average the LN developments achieved 29.3% compliance with the community design element,
compared with an average compliance of 25.1% across the CDs.

This difference was not
189 | P a g e

statistically significant (p=0.541). Overall percentage compliance scores ranged from 0.0% to
67.3% across the LN developments and from 0.0% to 57.7% across CN developments. The low
percentage compliance results obtained by development LN17 may be explained by its current
early stage of development – with only 59% of the total land area currently constructed upon.

There were significant differences in policy compliance by the size of development across LNs

(p=0.038) and reaching significance across CNs (p=0.094). When the policy compliance scores of all

LN and CN developments were combined significant differences by scale of development remained

(p=0.002). On average, policy compliance scores were higher in LNs compared to CNs at every
scale of development, apart from medium subdivisions (Table 7.6).

The compliance results of the smaller subdivisions will have been influenced by the areas
surrounding these developments and the presence of and accessibility to community design related
features (i.e., public transport and activity centres). For smaller developments this may represent a

better surrounding environment and/or position of the development in its wider environment

rather than the development itself. Indeed, the relatively high compliance scores of the small
subdivisions LN02 and LN03 (at 50.0% and 37.5% respectively) are a result of good access (i.e.,
proximity) to centres external to the actual development.

The highest levels of community design policy compliance were observed in the structure plan and

regional-sized developments (i.e. the scales of development at with the LNG community design

requirements are applicable) and indicate a trend towards adopting LNG principles. The structure

plan and regional-sized developments that achieved the highest compliance scores (both LNs and
CNs) were those that contained a neighbourhood or town centre and primary school within the
development (Figures 7.3 and 7.4). This in part reflects the better levels of access of the residential
dwellings within these developments to neighbourhood and town centres, compared to those
developments without a centre. Average distances to the nearest neighbourhood or town centre

from LN (regional-sized) developments’ dwellings was 1239.8m for those whose development
contained a centre, (n=4) compared to 2765.2m for those in development without a centre (n=3).
Similar results were observed across the CN structure plan and regional sized developments:

average distances from residential dwellings to the nearest neighbourhood or town centre was
1050.8m for those with a centre (n=3), compared to 1818.6m for those in development without a
centre (n=3).
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 Small subdivision

 Medium subdivision

 Large subdivision

 Regional

100
90
80

% Compliance

70


†

60

37.5

40
30

37.5

25.0





34.6

34.6

25.0 25.0

20

12.5

10
0

67.3

61.5 63.5

53.8

50.0

50


†


†


†

0.0

12.5
0.0

12.5
3.8

0.0

LN01 LN02 LN03 LN04 LN05 LN06 LN07 LN08 LN09 LN10 LN11 LN12 LN13 LN14 LN15 LN16 LN17 LN18 LN19

† Development contains a neighbourhood or town centre;  Development contained a primary school
Figure 7.3

Percentage policy compliance with the community design element by LN
developments

 Small subdivision  Medium subdivision  Large subdivision  Structure/Regional
100
90
80

†

% Compliance

70


†

57.7 57.7

60

50.0



50

42.3

37.5

40


30.8

30

25.0

25.0

25.0



20

12.5

10
0


†

12.5

12.5

12.5 12.5 12.5

0.0

0.0

CD01 CD02 CD03 CD04 CD05 CD06 CD07 CD08 CD09 CD10 CD11 CD12 CD13 CD14 CD15 CD16 CD17

† Development contains a neighbourhood or town centre;  Development contained a primary school
Figure 7.4

Percentage policy compliance with the community design element by CN
developments
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Table 7.6

Percentage compliance with the community design element by development type and
scale

Scale of Development

Mean Percentage Compliance (SD)
LN

28.1% (21.35)

CN

18.8% (7.22)

LN

10.0% (10.46)

CN

17.5% (14.25)

LN

25.0% (12.50)

CN

12.5% (0.00)

LN

45.6% (22.72)

CN

39.7% (21.98)

Small Subdivision

p= 0.437

p= 0.371

Medium Subdivision

p= 0.272

Large Subdivision

Structure/Regional

7.5.2

T-Test

p= 0.647

Compliance with the movement network element

On average the LN developments achieved a percentage compliance of 48.1% with the LNG
Movement Network Elements.

The CN developments achieved marginally lower levels of

compliance at 46.8%. There were no significant differences in the movement network compliance

scores by development type (p=0.502). The mean percentage compliance of all 36 developments

combined was 47.5%. Figures 7.5 and 7.6 illustrate the percentage compliance scores for the
movement network element for each of the 36 developments. Table 7.7 provides the averaged
percentage compliance scores for the different scales of development.

Overall percentage compliance scores ranged from 36.8% to 58.8% across LN developments and
from 38.2% to 57.4% across CNs. The compliance scores obtained by the best performing LN
development (58.8% in LN02) were similar to that of the best performing conventional

development (57.4% in CN04). These compliance scores indicate a lack of full implementation of

the movement network within the RESIDE developments, and that in fact only around 50% had in
fact been implemented.

Policy compliance scores were similar across LNs and CNs at every scale of development (Table
7.7). The highest levels of policy compliance were observed in the smaller developments (Table
7.7). There were significant differences in the percentage policy compliance scores by scale of

development across LNs (p=0.002) and CNs (CN p=0.020). When the LNs and CNs were combined
the significant differences by scale of development remained (p=0.000). Post hoc tests revealed the

significant differences in compliance were between the small subdivisions and developments of all
other scales.
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 Small subdivision

 Medium subdivision

 Large subdivision

 Regional

100
90
80

% Compliance

70
60

55.9

58.8

55.9

52.9

50

50.0
47.1 48.5 47.1
47.1 47.4

47.4
36.8

40

51.3

50.0
39.5

44.7

42.1

46.1 46.1

30
20
10
0

LN01 LN02 LN03 LN04 LN05 LN06 LN07 LN08 LN09 LN10 LN11 LN12 LN13 LN14 LN15 LN16 LN17 LN18 LN19

Figure 7.5

Percentage policy compliance with the movement network element by LN
developments

 Small subdivision  Medium subdivision  Large subdivision  Structure/Regional
100
90
80

% Compliance

70
60

54.4

50

57.4

41.2

40

57.4

52.9

51.5 51.5

51.3
44.1

41.2

38.2 38.2

44.7 43.4

38.2

42.1

47.4

30
20
10
0

CD01 CD02 CD03 CD04 CD05 CD06 CD07 CD08 CD09 CD10 CD11 CD12 CD13 CD14 CD15 CD16 CD17

Figure 7.6

Percentage policy compliance with the movement network element by CN
developments
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Table 7.7

Percentage compliance with the movement network element by development type
and scale

Scale of Development

Mean Percentage Compliance (SD)
LN

55.9% (2.40)

CN

53.7% (2.81)

LN

47.9% (7.38)

CN

47.4% (7.38)

LN

43.9% (6.084)

CN

38.2% (0.00)

LN

44.7% (3.72)

CN

45.7% (4.14)

Small Subdivision

p= 0.278

p= 0.869

Medium Subdivision

p= 0.297

Large Subdivision

Structure/Regional

7.5.3

T-Test

p= 0.639

Compliance with the lot layout element

On average the LN developments achieved a percentage compliance of 57.9% with the LNG lot
layout element, this was significantly higher (p=0.027) than that of the CNs with an average of
44.3% compliance. The mean percentage compliance of all 36 developments combined was 51.5%.

Figures 7.7 and 7.8 illustrate the percentage compliance scores for the lot layout element for each

of the 36 RESIDE developments included in the LNG Evaluation Study. Table 7.8 provides the
averaged percentage compliance scores for the different scales of development.

Percentage

compliance scores ranged from 18.8% to 87.5% across LN developments and from 21.9% to 68.8%

across CNs. These compliance scores again indicate a lack of full implementation of the lot layout
element within in the RESIDE developments.

Policy compliance scores were higher in LNs compared to CNs at every scale of development (Table

7.8). Despite these higher scores, the differences in policy compliance between LNs and CNs at each
scale of development were not significant. The average policy compliance levels increased as the
scale of development increased from the small, to medium, to large subdivisions for both LNs and

CNs. The lowest levels of compliance were observed within the structure plan and regional-sized

developments (Table 7.8). The differences in policy compliance across the different scales of

development was significant across both LNs (p=0.000), CNs p=0.004) and when both LNs and CNs
were combined (p=0.000).
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 Small subdivision  Medium subdivision  Large subdivision  Structure/Regional
100
87.5

90

81.3

80

% Compliance

70

75.0

75.0

68.8

68.8 68.8
62.5
56.3

60

56.3

56.3

56.3

56.3

53.1

50

43.8 43.8

40.6

40

31.3
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18.8

20
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0

LN01 LN02 LN03 LN04 LN05 LN06 LN07 LN08 LN09 LN10 LN11 LN12 LN13 LN14 LN15 LN16 LN17 LN18 LN19

Figure 7.7

Percentage policy compliance with the lot layout element by LN developments

 Small subdivision  Medium subdivision  Large subdivision  Structure/Regional
100
90
80
68.8

% Compliance

70

62.5

68.8

68.8

62.5

62.5

56.3

60
50

43.8
37.5

40

31.3

30

31.3

28.1

31.3
25.0 25.0

28.1
21.9

20
10
0

CD01 CD02 CD03 CD04 CD05 CD06 CD07 CD08 CD09 CD10 CD11 CD12 CD13 CD14 CD15 CD16 CD17

Figure 7.8

Percentage policy compliance with the lot layout element by CN developments
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Table 7.8

Percentage compliance with the lot layout element by development type and scale

Scale of Development

Mean Percentage Compliance (SD)
LN

65.6% (8.07)

CN

48.4% (13.86

LN

66.3% (10.49)

CN

53.8% (18.01)

LN

72.9% (15.73)

CN

65.6% (4.42)

LN

41.1% (12.81)

CN

26.6% (3.28)

Small Subdivision

p= 0.076

p= 0.216

Medium Subdivision

p= 0.585

Large Subdivision

Structure/Regional

7.5.4

T-Test

p= 0.021

Compliance with the public parkland element

On average the LN developments achieved a percentage compliance of 45.7% with the LNG public

parkland element. This was marginally lower than the average percentage compliance achieved by

the CN developments at 50.9%. The mean percentage compliance of all 36 developments combined
was 48.2%.

Figures 7.9 and 7.10 illustrate the percentage compliance scores for the public

parkland element for each of the 36 developments. Table 7.9 provides the averaged percentage

compliance scores for the different scales of development.

Percentage compliance scores ranged 5% to 68.8% across LN developments and from 30.0% to
69.4% across CNs. These compliance scores again indicate a lack of full implementation of the

public parkland element as set out by LNG within in the RESIDE developments. There were

significant differences in the percentage compliance scores by scale of development across LNs
(p=0.002) but not CNs (p=0.157). These differences diminished when the LN and CN developments

were combined (p=0.236). The highest percentage compliance scores across LNs were observed in
the large subdivisions. This may as a combination of the public open space provisions within the
development but also good provision and access to POS surrounding the development. Significant

differences (p<0.05) in percentage compliance scores of small subdivision LNs (18.8%) and CNs

(58.8%) were observed. The low percentage compliance scores in developments LN01, LN02 and
LN04 can be accounted for by the lack of public open space provided within the development.
These developments are more than 75% developed (current constructed land area) and thus any

further improvement in compliance through the provision of public open space is perhaps unlikely.
Similar levels of compliance were observed across LN medium and large subdivisions (56-58%).

Percentage compliance at these scales of development was higher in LNs than in CNs. CN structure
or regional-sized developments had higher percentage compliance scores compared to the

respective LN developments.
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Figure 7.9

Percentage policy compliance with the public parkland element by LN developments

 Small subdivision  Medium subdivision  Large subdivision  Structure/Regional
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Figure 7.10

Percentage policy compliance with the public parkland element by CN developments
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Table 7.9

Percentage compliance with the public parkland element by development type and
scale

Scale of Development

Mean Percentage Compliance (SD)
LN

18.8% (20.97)

CN

58.8% (6.29)

LN

56.0% (5.48)

CN

42.0% (12.61)

LN

58.3% (15.41)

CN

51.6% (2.21)

LN

48.4% (8.76)

CN

52.8% (11.39)

p= 0.011*

Small Subdivision

p= 0.067

Medium Subdivision

p= 0.599

Large Subdivision

p= 0.451

Structure/Regional

7.5.5

T-Test

Overall policy compliance

Figures 7.11 and 7.12 present the total percentage compliance scores of the four combined
elements (i.e. overall policy compliance) for each LN and CN development.

There were no

significant differences in the total compliance scores across all LNs (47.21%) and CNs (45.25%)
(p=0.390).

Overall percentage compliance scores ranged from 30.0% to 55.5% across LN

developments and from 27.2% to 53.0% across CNs. These results indicate that none of the
evaluated developments implemented the full suite of requirements as intended by the LNG. In

fact, only around half of the intended on-ground outcomes had been realised in the developments

evaluated.
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Figure 7.11

Overall percentage policy compliance by LN developments
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Figure 7.12

Overall percentage policy compliance by CN developments

The vertical bars represent the overall % compliance with the LNG of each LN (top) and CN (bottom)
development.
– Indicate the stage of construction of each development (expressed as the constructed land area as a
percentage of the gross development land area)
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7.6

Conclusion

This scoring system provided a simple quantification of the fidelity of the LNG in terms of the onground ‘dose delivered’ in each of the developments as a proportion of the intended level of onground implementation and outcomes. As all requirements were treated as equal, it allows for the
identification of areas of LNG conformance and non-conformance to be detected and provides a

basic barometer of how well the developments were complying with the policy – i.e. the number or
range of different requirements and the degree to which these were implemented.

However, the assumption that all of the LNG requirements (i.e. design features) may be of equal
importance to walking or physical activity outcomes (or other health or environmental outcomes)
is likely not to be the case.

The outcome evaluation assesses the measured levels of LNG

implementation and requirements against the walking behaviours of residents within the selected

developments. This will assist in identifying which of the LNG requirements, when implemented,
are more, or less, important for walking behaviour.

The process evaluation results presented here, and previously in Chapters 3 to 6, clearly indicate
some variability in the implementation of the different LNG requirements and incomplete levels of
implementation and compliance with the LNG; such that the totality of on-ground built form
outcomes intended by the LNG were, to date, not evident in the developments evaluated. This begs

questions about why complete implementation had not occurred and why certain elements and
requirements were adopted and implemented by developers where others were not. Chapter 8,

which follows, attempts to address these questions and explore the practicalities of implementing

the LNG; identifying the factors associated with successful and non-successful implementation of

the LNG requirements by the developers.
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Chapter 8

Identifying Practice Gaps Affecting
8.1

Implementation of the LNG

Introduction

The results of the process evaluation revealed incomplete levels of implementation and compliance
with the Liveable Neighbourhood Guidelines (LNG) in that the totality of on-ground built form
outcomes intended by the LNG were, to date, not evident.

This raises questions as to why

incomplete implementation occurred. Because the planning principles underpinning the LNG
differed from the conventional planning policies and development and engineering practices of the

time, it was plausible to assume that problems may have been experienced when implementing the

LNG. Identifying the barriers or factors that acted as obstacles to, or limited the implementation of,
the LNG was an essential step in determining whether principle or practice gaps were affecting its
success.

Rogers’ Diffusion of Innovation (or policy-something perceived as new) Theory (Rogers 2003)

considers how several perceived characteristics of an innovation (or in this case a policy) can affect
how readily it will be adopted. Those characteristics are: (1) relative advantage: the degree to

which the innovation is viewed as better than the previously available ideas or programs; (2)
compatibility: the degree to which the innovation is consistent with the values, experiences, and
needs of potential adopters; (3) complexity: how difficult the innovation is to understand or how

complex it is to use; (4) trialability: the degree to which the innovation can be experimented with
on a limited basis without a large investment; and (5) observability: the degree to which the results
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of an innovation are visible to others (Rogers 2003; Owen, Glanz, Sallis & Kelder 2006; MorelandRussell, Eyler, Barbero, et al, 2013).

This chapter explores the factors that influenced the adoption of the LNG by developers and the

practicalities of implementing the LNG requirements in relation to the wider policy and planning

frameworks and the operational and procedural issues and barriers that affected the uptake and
use of the LNG by developers.

The discussion presents insights, feedback and anecdotal evidence based on the candidate’s

engagement with local planners, developers and local government authority representatives gained

through attendance at planning industry workshops, forums, seminars and conferences during the
period of the candidacy. Feedback and advice was also provided by the Centre for the Built
Environment and Health’s Advisory Board that includes prominent members of the local planning

community and personal communication with Mr Evan Jones, a founding proponent and co-author

of the Liveable Neighbourhoods Guidelines (LNG). Through this engagement the candidate was
identified as an ‘industry peer’ by the Planning Institute of Australia’s (PIA) Urban Design and

Policy Committee and invited to be a member on the ‘Liveable Neighbourhoods Review Special

Technical Advisory Committee’ (STAC 2012). The aim of the review committee was to identify

problems associated with the implementation and content of the LNG. Feedback gained from these
activities was used to inform this chapter and the discussion of the observed implementation

results. This chapter was also informed by three significant Western Australian reports relating

directly to the Liveable Neighbourhood Guidelines. These were used to validate findings and
identify other relevant issues:

 A report by The Planning Group WA in mid-2002 (The Planning Group WA 2003) which
assessed the impact of the LNG on all subdivision applications over the previous three years

since the LNG trial period commenced;

 A research paper by Curtis and Punter (2004) which explored issues surrounding the
implementation of the LNG over the period from 1998-2002. This presented the results from

20 interviews with senior figures in the Western Australian Planning Commission, the

Department of Planning, local government authorities, planning consultants and the
development industry;

 A consultation report by the Western Australian division of the Urban Development Institute of
Australia (UDIA) regarded as the peak body representing the urban development industry in
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Western Australia. In response to the release of the draft version of the third edition of the

LNG, the UDIA established a Liveable Neighbourhoods Taskforce that consulted with their
members to identify key issues associated with the content and use of the LNG (UDIA 2005).

A number of studies that have assessed the implementation of other New Urbanist projects in the

USA were also reviewed because of similarities in the planning systems between the two countries,

and also because the LNG was based upon New Urbanist principles and practices which originated
in the US.

8.2

An overview of the planning system in WA

The Western Australian Planning System is regulated at three levels: 1) The Minister for Planning

and Infrastructure; 2) The Western Australian Planning Commission (WAPC) and the Department

of Planning and Infrastructure (DPI); and 3) Local government authorities (LGA’s) (Western
Australian Planning Commission 2007).

The Minister for Planning and Infrastructure is the State Government’s elected representative and

has the ultimate authority for town planning in Western Australia. The Minister is also responsible
for overseeing the administration of planning agencies and maintaining and reviewing all planning

legislation. The WAPC is the responsible authority for all land use planning and development
matter and is responsible for determining all subdivision applications. The DPI provides advice and
administrative services to the WAPC and implements the WAPC decisions (on land use and

planning matters). The DPI may also be delegated authority to make decision on some subdivision

and development application, when they comply with the WAPC’s policies and practices. There are
144 local governments in Western Australia which are responsible for planning their local
communities (Western Australian Planning Commission 2007).

In the Perth region, 130 LGA’s are required to produce local planning schemes ensure that are
consistent with state and regional planning objectives and requirements. They are responsible for

establishing planning controls like appropriate land uses and residential densities and set out the

way in which the land will be developed. Special controls for protection of heritage sites or similar
important areas may also be included. Planning decisions are then made by the LGA based on the
provisions and controls in their local planning schemes (Western Australian Planning Commission
2007).
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The local planning schemes compliment the regional planning schemes set by the WAPC. For
example, regional planning schemes have broad “urban zones”. In the urban zones of a LGA, the

local planning scheme may then detail the residential densities and identify commercial sites, local
open space, primary school sites, light industrial and other land uses. Land included in a zone may
also be earmarked for potential development.

Any development however must satisfy the

standards and controls set by the local planning scheme, which may include such things as
residential density, boundary setbacks, car parking and height of buildings (Western Australian
Planning Commission 2007).

Landowners or developers can make requests for amendments to the local planning scheme to
allow for an additional land use, a more intensive use of land or to create opportunities for
subdivision. The developer’s request for an amendment to the local planning scheme must then be

sent by the LGA to the WAPC and Environment Protection Agency (EPA) for approvals. The LGA is
then required to advertise the requested amendment and the EPA review report for a 42 day public

exhibition period, during which time any person may lodge a submission. Any submissions are

considered by the local government. Any environmental submissions must be referred back to the
EPA. The LGA is then required to send the submissions and its recommendations to the WAPC

within 28 days of making its resolution for final WAPC and ministerial approval (Western
Australian Planning Commission 2007).

8.3

Evolution and application of the LNG

The LNG was introduced in February 1998 to trial an alternative policy to the WAPC’s conventional
planning policies that were resulting in suburban sprawl. Its use was not mandated but relied on
voluntary uptake by developers who saw merit (often commercial) in using the LNG principles and

design standards (Jones 2010; Jones 2012). This approach allowed developers to either use the
LNG or the conventional development control policies.

It was intended that the LNG be applied at a regional scale – setting out a comprehensive approach

to the regional structuring of walkable neighbourhoods clustered to form towns. However, in order
for LNG to be successful at this scale, it requires substantial supportive governance, infrastructure

and finance mechanisms that were not in place when the trial period commenced. The trial nature

of the LNG and its voluntary application at smaller project levels meant it was not being applied at
the scales intended under LNG.

Instead, developers were encouraged to test the LNG approach

through the delivery of smaller scale project developments (Western Australian Planning
Commission 2000; Jones 2012).
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As such, developers were permitted and encouraged to

incorporate different parts of the LNG into their designs to over-ride aspects of the existing sprawlbased conventional policies (Jones 2010; Jones 2012), ‘cherry-picking’ requirements that suited

their needs and interests. However, this flexibility may have resulted in them not observing some
of the more important requirements and implementation of the mandatory requirements was not
enforced in any of these initial developments.

This also resulted in a fragmented approach to the initial uptake, application and subsequent

implementation of the LNG. In reality then, many conventionally designed projects were in fact
approved under the LNG if they adopted some of the requirements or principles into their designs.

As one of the co-founders of the LNG explained, these ‘hybrid’ projects were considered an

important step in facilitating on-ground experimentation of new components proposed in LNG
(Jones 2010; Jones 2012). It was thought that if enough conventional projects adopted some of the

LNG principles this would result in better cumulative on-the-ground outcomes over a wider area, as

a result of adjoining liveable neighbourhood developments and a gradual shift of practices away
from the commercial delivery of sprawl (Jones 2010; Jones 2012).

This is supported by the Planning Group WA report (2003) that found only 8% of applications fully

complied with the LNG code, while 75% were ‘significantly influenced’ by the LNG. Around 10% of
the applications were considered to have been influenced in a minor way and 7% were not at all
influenced by the LNG. The report concluded that the introduction of the LNG exerted positive

influences on all residential design proposals of the time, such that by 2000, few applications were
based solely upon the conventional policies of the time. On the other hand however, very few
developments actually adopted the majority or full suite of the LNG design features and
requirements (The Planning Group WA 2003; Curtis & Punter 2004).

Implications for the evaluation developments
As outlines in Chapter 2, housing developments were selected for inclusion in the RESIDE project in

2003, during the voluntary trial period of the LNG. They were retrospectively chosen from a pool of
new housing development applications previously lodged with the WAPC. At the start of the
RESIDE project in 2003, construction had thus already commenced in the selected developments.

The differentiation between ‘liveable’ (LN) and ‘conventional’ (CN) developments for the purposes
of the RESIDE project was dependent on how the individual applications had been assessed by the
Department of Planning (DOP) (Falconer, Newman & Giles-Corti 2010; Jones 2010; Jones 2012):
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 Liveable Neighbourhoods: All applications that had been assessed under the LNG approval

processes and deemed to comply with the LNG by the DOP were identified as ‘liveable
neighbourhoods’ for the RESIDE project. However, in light of the issues outlined above, the

“LN’ developments may have actually had limited application of LNG requirements within their
design proposals.

 Hybrid Developments: A number of developers applied different LNG principles to their

conventionally-based designs but given the more onerous nature of the LNG approvals process

still applied for approval under conventional processes. These developments were identified

and assessed by the DOP as ‘hybrid developments’ for RESIDE (Falconer, Newman & Giles-Corti
2010; Jones 2010).
 Conventional

Developments:

Applications

submitted

for

assessment

under

the

conventional processes, and not considered to be hybrid developments, were identified for
RESIDE as ‘conventional neighbourhoods’.

However, many of these could have adopted

features or principles from the LNG that were not specifically detected or highlighted during

the approval processes. There were many more of these developments types and as such a
random selection was made by the DOP for the RESIDE project.

The voluntary nature of the LNG and its disjointed uptake may offer some explanation for the

limited overall levels of LNG implementation and compliance and lack of differences between the

so-called liveable and conventional developments selected for evaluation. Indeed, the process

evaluation of the 36 developments revealed: no LN developments incorporated the full complement

of LNG requirements; the majority of LN developments had only adopted a limited number of LNG
requirements; and many of the CN developments adopted some of the LNG principles and

requirements. As a consequence of the voluntary nature of the LNG trial in its early days, plus the

selective ‘cherry-picking’ of requirements chosen to be trialled by the developers and the

compromised application on smaller project level developments, it is unlikely that the
implementation of the complete suite of LNG requirements and full compliance (i.e., 100%) within
any of the developments being evaluated was not possible. None of the suburban development

examples illustrate the application of the LNG in its entirety and at the scale at which it was
intended to be applied.
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8.4

Phases and stages of development

The construction of housing developments is generally undertaken in different phases, during

which sections of the development undergo construction and land is released for sale and marketed
to prospective buyers. Community infrastructures such as parks, neighbourhood centres, schools
and public transport are often developed in different phases.

The order in which land is

constructed and infrastructure is provided may be due to several factors, including economic

considerations as well as presentation and marketing or sales purposes. This also highlights the

protracted nature of the development process of large regional-scaled developments (and the scale

at which LNG was intended to be applied) and provision of community infrastructure. This has

implications for the implementation of the different elements, and may offer some explanation for
the presence or absence of particular features as observed within the developments at the time of
evaluation.

Regardless of the scale of development, 33 of the 36 evaluated developments incorporated public
open spaces or parks.

These results reflect the anecdotal feedback from engagement with

developers and planners and from interviews conduction by Curtis and Punter (2004) that POS is

regarded by developers as an important aesthetic and marketing feature of their developments that

are instrumental to land sales. As such, developers were keen to provide and landscape areas of
POS early on in the construction phases. Primary schools may also be provided earlier in the

development phases as a marketing tool to appeal to young families. Indeed, 11 of the 13 structure
plan and regional-scaled developments had primary school sites present at the time of evaluation.

The construction of other community facilities and destinations, such as mixed-use areas, often
come later in the development phase.

Indeed, many of the larger developments that were

evaluated still had undeveloped tracts of land set aside and earmarked for such facilities. The LNG

also calls for increased residential densities around the neighbourhood and town centres. Some of
the larger RESIDE developments were also constructing higher residential density housing around
the centres with the construction of the centres. Again then, it is likely that the residential densities

may come later in the development process. This may account for the presence of large numbers of

developments with parks but relatively few with other community design features. These findings

are supported by the work of Giles-Corti et al (In Press) on the full RESIDE population. They found

that whilst only 11% of the participants gained access to local transport-related destinations after
relocating to their new RESIDE development, 99% gained access to at least one type of POS.
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Given the time taken to construct medium- and large-scale developments, the six years between the

commencement of the RESIDE project (in 2003) to the time of evaluation (in 2009) was a relatively

short time period. This is likely to account for the fact that many of the developments were
incomplete at the time of evaluation. This was an important consideration not to be overlooked.

Indeed, all were at different stages of development and construction. The LNs had an average
79.7% of their gross land area constructed.1 However, this ranged from as low as 23.1% to 100%
(i.e., fully completed). The CNs appeared to have progressed further at the time of evaluation with

an average 91.3% of their gross development land areas constructed (ranging from 72.3% to
98.5%) 1. It is possible then that the relatively low compliance scores are partly a reflection of the

incomplete nature of the developments. With continued construction and the potential installation
of additional LNG requirements and infrastructure, the levels of compliance of these developments

may increase. Based on their stage of completion, LN developments had a greater potential to
improve their compliance scores as a result of continued (and completed) development, compared
with the CNs.

For example, the process evaluation revealed that half of all the LN and CN structure-plans or
regional-scaled developments contained a neighbourhood or town centre. When the provision of

centres was considered in light of the stages of development, all of these had ≥75% of their gross

land areas developed at the time of evaluation. Conversely, the LN developments of this scale
without a centre were all less that 65% constructed. It is possible that as a result of the phasing of

developments neighbourhood centres had not yet been installed in these. Figure 8.1 shows the
planned phases of land release and construction in development LN19. The series photos shown in
Figure 8.2 illustrate the construction in LN19 from 2004 through 2011. From 2007 land was
cleared and set aside for the neighbourhood centre. At the time of evaluation two years later (in
2009) the centre had still not been installed and only 23% of the total land area had been

completed with work commenced on around half of the planned development phases. The most

recent images taken in 2011 reveal that construction on the neighbourhood centre had still not

commenced. It is clear that the development of the neighbourhood centres takes time. However

with no incentives offered to encourage early establishment of these, the LNG principle is correct

but the on-ground practice has resulted in ‘liveable neighbourhood’ developments with poor access

to centres and destinations required for daily living which encourage transport-related walking.

1

Stage of development measure represented the area of land that had been constructed upon (at the time of evaluation) as a
percentage of the gross/total land area within the development boundary.
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(Source: The Village at Wellard Estate Plan PEET, 2012)

Figure 8.1

LN19 estate Plan with numbered land release phases

209 | P a g e

2004

2005

2006

2007

2008

2009

2010

2011

Figure 8.2
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The changing nature of LN19: development in LN19 from 2004 to 2011; land set aside
for the village centre in 2007 [] remained undeveloped in 2011 despite continued
residential development

8.5

Content and structure of the LNG document

The LNG document contained 128 different requirements and significant amounts of duplicated

information both within and across the four elements of interest. All three of the WA reports

indicated that the number of design requirements and duplication across the elements proved to be
a daunting and difficult process for developers to understand and apply (STAC 2012; Curtis &

Punter 2004). The requirements outlined in the LNG document were also phrased in two ways: 1)
as requirements that “should be considered”; and 2) as requirements that “must be satisfied”.
Respondents to a UDIA survey indicated that the lack of clarification between the mandatory

requirements and those that were simply design guidelines and desirable outcomes was

problematic when attempting to apply the LNG to their development proposals (UDIA 2005). The
interviews by Curtis and Punter (2004) revealed that as a result of these problems, developers

required increased levels of advice from design, planning, and engineering consultants which
incurred additional costs and time delays. This may account for a lack of consistency in its use and
application and the incomplete on-ground outcomes.

8.6

8.6.1

Operational and procedural barriers

Complexity and speed of approvals process

Development proposals submitted for assessment and approval under LNG required additional
compulsory information compared with a more simplistic ‘tick-box’ approach when being assessed

using the conventional policies (Curtis & Punter 2004; Jones 2010). Curtis and Punter (2004) and
feedback from the UDIA members (2005) revealed that this was a significant disincentive for

developers, which resulted in their reluctance to submit proposals using the LNG. This also created
difficulties for officials assessing and approving the applications (Curtis & Punter 2004; UDIA
2005). The UDIA suggested that better clarification of the mandatory LNG requirements would

have allowed for a simpler, less subjective and speedier approvals process by planning officers
(UDIA 2005). Furthermore, as the principles of the LNG called for increased intensification and

diversity of land uses, this often required developers to request amendments to the local planning
schemes.

This was another extra step in the approvals process that may have discouraged

developers from adopting the LNG. Finally, there appears to have been no enforcement or checking
of the fidelity of applications or design proposals approved by the WAPC against the on-ground

outcomes actually delivered by developers.
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8.6.2

Conflict of planning policies and regulators

Many of the LNG requirements directly contradicted existing conventional policies and engineering

standards. Whilst LNG was meant to prevail in instances of conflict, the voluntary nature of the

guide meant it had no legal standing or precedence over the LGA planning schemes. It was

therefore vulnerable to negotiation and compromise of LNG standards by the planners and
engineers of LGAs. As a result many of the LNG features approved for development by the WAPC

may actually not have been implemented on the ground. The inconsistencies between the state

sanctioned LNG and LGA planning schemes were identified as a major barrier to developers
adopting to use the LNG (UDIA 2005; Jones 2010; STAC 2012). Developers reported disputes with

LGA planners and engineers due to differences in their standards and a perceived inflexible
approach to assessments hat deviate from current engineering manuals and planning practices

(STAC 2012; Jones 2010). As many of the LGAs have typically been resistant to intensification and
densification of land uses, getting amendments to local planning schemes has proved to be a time

consuming, financially burdensome, and often unsuccessful task.

This has often resulted in

applications requiring resolution through the Town Planning Appeals Tribunal – a costly and time
consuming process (UDIA 2005).

These conflicts, arising as a result of competing levels of government policy and management,

represent a real and potential cause for the breakdown of the LNG principles into practice. This, in
turn, has had a detrimental impact on the quality of the on-ground development outcomes as
intended by LNG. The possibility that the developers of the RESIDE developments experienced

similar problems cannot be ruled out and would offer further explanation for the incomplete levels
of compliance observed across the RESIDE developments.

8.7

Implementing community design requirements

The limited implementation of the community design element may have been an unintended

consequence of the smaller project level or subdivision scales of development at which the LNG was
applied. The smaller scaled developments were of insufficient size to accommodate many of the
community design requirements and were not required to install neighbourhood centres. This
leads to a sea of residential subdivisions all of which are too small to warrant installation of centres

in their own right, resulting in a lack of destinations within walking distances. It is also clear that
the provision of neighbourhood centres and local businesses takes time to be established, and may
be withheld until sufficient population densities are present to support them. However, this
practice may result in residents living in ‘liveable neighbourhoods’ with poor access to destinations
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required for daily living and that encourage transport-related walking for significant periods of
time. Additionally a lack of accessibility to destinations outside of the RESIDE developments is

indicative of the wider problem of the conventional and piecemeal subdivision development
practices.

8.7.1

Configuration of neighbourhood centres

The report by the Planning Group concluded that there was little evidence of main street
neighbourhood centre development in new planning proposals (The Planning Group WA 2003).
They noted that where centres were integrated within the residential area the focus continued to
be on the use of large blocks with higher order roads on three or four sides. This results in a retail

box model rather than a main street model (The Planning Group WA 2003). Little evidence of

main-street centres was observed within the evaluated developments. Two developments were
however exception to this rule: LN13 and LN15 were examples of two regional-scaled
developments with main street configured centres.

A recent ‘Good for Business’ report by the Australian Heart Foundation brought together evidence
of the financial benefits to retailers and residents in making commercial streets more pedestrian

friendly (Tolley 2011). Consistent with the LNG principles of creating main-street neighbourhood

centres, the report suggested that is it economically advantageous to developers and local

businesses to support measures aimed at attracting more pedestrian and bus users to local

shopping centres rather than car users. In addition to increasing pedestrian and cyclist activity

they deliver increased retail vitality and sales as well as increased retail property values and rents
and sale prices of nearby houses (Tolley 2011).

8.7.2

Barriers to the provision of neighbourhood centres

The limited number of local centres may also be due to an unwillingness to become involved in the

development of a centre (The Planning Group WA 2003). A recent review by Rabianski (2009)
highlighted some of the issues associated with providing mixed-use developments. These findings

directly related to some of the perceived risks identified by the research of Curtis and Punter
(2004) and the UDIA consultation with its members (UDIA 2005).

Both found that many

developers believed the added financial and physical complexities of a mixed-use development, in
addition to potentially longer development timelines, heighten the levels of risk associated with the
project.
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Rabianski (2009) highlighted several features of mixed-use projects that can lead to higher

development costs which may have been disincentives to developers installing neighbourhood
centres: 1) the initial planning costs may be higher for mixed-use developments because of the

complexity and need to integrate varied uses; 2) the development may require multiple approvals
from local governments and amendments to existing town planning schemes and land zoning

designations; 3) the builder may be required to comply with different building codes for each use,
adding to the complications, costs, and the time required to build the project; and 4) the provision
of pedestrian-friendly design features with automobiles relegated to parking structures, can

increase the costs beyond that of surface parking lots. This is an important consideration given the
LNG focus on the construction of main-street rather than box configured centres.

As developers were able to ‘pick and choose’ requirements to trial in their new developments it is

probable that requirements for more difficult elements such as community design, which included
larger scale infrastructure and community facilities such as neighbourhood centres and schools,
were overlooked because of many of the problems or perceptions described above.

8.7.3

Neighbourhood structuring and centre catchment areas

The LNG sets an approach to creating a regional structure of walkable neighbourhoods with 400m
catchments. However, feedback gained from participation on the ‘Liveable Neighbourhoods Review

Special Technical Advisory Committee’ indicated that many developers questioned the notion of the

400m walkable catchment areas, suggesting they were too small and not sustainable or
commercially viable for suburban areas of lower residential density.

This may offer some

explanation for the absence or lack of centres being provided as intended by LNG.

8.7.4

Incentives for provision of centres

The authors of the LNG recognised that incentives were needed to encourage developers to adopt

and apply the LNG and its principles (Jones 2010; Jones 2012). One such incentive offered

developers a 2% reduction in the amount of public open space (POS) they were required to provide
(i.e., from 10% to 8% of the gross subdivisible area) (Western Australian Planning Commission
2000). No comparable strategies were offered to encourage the provision and early establishment

of neighbourhood centres and local businesses that are required to create a walkable node or
destination (Giles-Corti, Bull, Knuiman et al. In Press). Additional incentives may be required to
encourage developers to move away from their standard residential development models.
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8.7.5

Employment opportunities

Cerin et al (2007) found that individuals’ proximity to their workplace was the most significant

contributor to transport-related walking and monthly frequency of walking to work. Another
consequence of suburban sprawl has been the increased spatial separation (i.e., distance) between

residential areas and locations of employment (Infrastructure Australia Major Cities Unit 2010).

The LNG recognises the importance of local employment opportunities, indicating that land use
allocation should provide for jobs at a desirable rate of 1.4 jobs per household. However, whilst a

number of the developments were beginning to provide non-residential land uses in the form of

destinations for daily living there remained a lack of employment opportunities within the

developments or their immediate surrounding areas.

8.7.6

Public transport

The process evaluation revealed that 75% of the evaluated developments contained at least one bus

stop and around 50% of all the residential dwellings had a bus stop within 400m as required by
LNG. All of the RESIDE developments exceeded the lower net residential density threshold of 12

dwellings per site hectare, and the majority provided sufficient densities within the bus stop service
areas (i.e., ≥15 dwellings per site hectare). However, a recent study by Falconer et al (Falconer,

Newman & Giles-Corti 2010) assessed the viability of substituting public transport for car driver

trips for the journey to work of residents living in the RESIDE developments. He found that few

RESIDE residents had a viable public transport option, with an average added time burden of
around 40 minutes (one-way) if public transport were to be used for the journey to work compared

with driving. The indirect and disjoined nature of the current public transport networks to the

outer suburbs, and the distances required to be travelled to places of work means that public
transport remains an unviable and unattractive alternative to driving.

As recognised by one of the LNG co-authors (Jones 2010; Jones 2012), the lack of public transport

infrastructure to support suburban developments on the fringes of the metropolitan region (where
the evaluated developments were located) is a key implementation gap for liveable
neighbourhoods at the district level. Falconer (2010) however suggested that the small scales of

development that LNG allows and its failure to prescribe the co-ordination of these smaller

subdivisions into larger districts has created insufficient scales of development required for master

planning efficient regional public transport services. Currently the provisions and routing of public

transport services by the Public Transport Authority tends to be reactive, in response to sufficient
population bases to warrant a service. Without integrated planning and the necessary governance,
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infrastructure and finance mechanisms from governmental departments to support the provision

of public transport services to these areas, new suburban developments will remain car-dependent
and unable to fulfil the LNG objective of reducing car dependence through public transport use
(Jones 2012).

8.8

Implementing movement network requirements

The process evaluation results indicated that the (internal) connectivity of the street networks

within the developments evaluated was generally consistent with the principles of LNG, with
obvious trends away from the long, winding, curvilinear routes (loops and lollipop) hierarchical

road systems towards a more connected and direct street system. This was observed in both the
LN and CN development types, making it a likely feature of the LNG that exerted positive influences
on all residential design proposals.

However, issues relating to the implementation of four

movement network requirements were identified. These are discussed below.

8.8.1

Road engineering standards

As previously highlighted, many of the LNG requirements directly contradicted existing
conventional policies and engineering standards. The movement network element was an example

where such contradictions and conflicts existed with other published guidelines, potentially
compromising the on-ground deliverables of the street systems within ‘liveable’ approved

developments.

Road engineering standards and layouts have conventionally been based on the Austroads Guide to

Road Design (Austroads 2012). These have limited focus on pedestrian and cycling movement
networks. The standards for road width and intersection turning radii in LNG were narrower and

tighter than those recommended in the Austroads to reduce traffic speeds and volumes. Feedback

from developers and planning officials revealed that whilst Austroads was not a statutory (i.e.,
legally binding) set of guidelines there remained a considerable reliance on its engineering
standards for larger road widths and intersection radii that created high speed geometries. The

LNG documents recommend that streets should be designed in co-operation with traffic engineers

and urban designers. However, developers have reported inflexible approaches from LGA planners

and engineers to consider or adopt LNG standards rather than Austroads. The developers believed

that the road geometries and engineering standards imposed by the LGAs and local engineers were
adversely affecting the walkability of the street networks (STAC 2012; Curtis & Punter 2004).
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Furthermore, the Planning Group highlighted a particular difference of design intent between the
LNG and conventional policies that address the movement networks. They note that the

conventional policies require the main road into a neighbourhood cell to be designed to discourage
use by outside traffic.

However, LNG requires the same road classification to act as a

neighbourhood connector allowing traffic to move between the suburbs (The Planning Group WA

2003). These direct contradictions make the design and approvals processes more time consuming
and difficult for both developers and assessors. Problems such as this are a likely disincentive for

the developer to adopt and apply these LNG principles, and/or may account for the compromised
on-ground outcomes as a result of the standards imposed by the LGAs and local engineers on the

road classification types.

8.8.2

Culs-de-sac

A major point of difference promoted by the LNG from conventionally designed suburban street

networks is the decreased use of culs-de-sacs. LNG recognises that the use of the culs-de-sac as a

suburban street pattern remains popular (as will be discussed below) and as such does not ‘outlaw’
its use. Instead it attempts to apply a series of standards that will help to ensure its use does not

impede the overall movement network for pedestrians and cyclists. Indeed, work by Randall et al
(2001) suggests that the walking distances for isolated culs-de-sac is up to 40% longer compared

with grid-layout networks.

However, following their series of interviews with industry professionals, Curtis and Punter (2004)
revealed that developers were resistant to restrictions on the use of culs-de-sac because they were

perceived to be the preferred choice of street form by potential homebuyers. Previous research

findings support this notion citing homebuyer’s preference for culs-de-sac because of the belief

they were safer, quieter and more secure from crime (Southworth & Ben-Joseph 2004; MorrowJones, Irwin & Roe 2004). Studies have also shown home buyers were prepared to pay premium

prices for homes on culs-de-sac (Cozens & Hillier 2008; Southworth & Ben-Joseph 2004; Morrow-

Jones, Irwin & Roe 2004; Curtis & Punter 2004; Asabere 1990). The use of culs-de-sac and looping

streets are also often preferred because of the perceived significant economies in infrastructure

costs compared with the grid layout (e.g., as a result of fewer intersections, curbs, street lights and

sidewalks) (Duany, Plater-Zyberk & Speck 2000). Developers may also prefer to use culs-de-sac

because they adapt better to topography or major geographical features in the landscape, allowing
builders to fit more houses into tracts of land and facilitate building to the edges of rivers, existing

property lines and other adjacent to other land uses, making maximum uses of the developable land

area (Cozens & Hillier 2008).
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8.8.3

Streetscapes – trees

MacDonald et al (2006) suggest that as streets make up the bulk of the public space in cities, and
are distributed more evenly throughout the urban environment than public parks, they offer the

biggest opportunity for the public provision of trees within cities and neighbourhoods. The LNG
addresses pedestrian amenity and shade through the use and provision of trees. Building on a
previous methodology by Forsyth el al (Forsyth, Schmitz, Oakes et al. 2006) this was measured as
the number of trees positioned along the footpath networks (i.e., within a 3m and 5m buffer) and
the proportion of the footpath networks that were shaded by tree canopy. Whilst tree planting on

median strips has been shown to create safer road environments for pedestrians (Burden 2006;

Macdonald, Harper, Williams & Hayter 2006), the measure in this evaluation did not detect any

trees placed on the median strips of roads. Whilst these would have added to the amenity and
aesthetics of the area they would not necessarily have provided shade over the footpath network
which was the important feature for assessment against the walking outcomes.

The results of the process evaluation revealed that a relatively small proportion of the footpath

networks (i.e., around 4.5%) received shade as a result of tree canopy cover. Inspection of the tree

provision during the digitisation process revealed that whilst many of the developments had
planted trees alongside the street networks, they were immature saplings with little or no

immediate foliage and therefore canopy to offer over the adjacent footpath networks. This is in
contrast to the tree canopies in older suburbs that provide significantly better shade over footpaths
for pedestrians.

A recent ‘Street Trees and Utility Planning Discussion Paper’ by the WAPC (Western Australian

Planning Commission 2009) indicated that the road verge widths required under LNG (i.e., 4.1m)

were considered too narrow to accommodate street trees as well as utilities and services. A
number of other obstacles to the planting of street trees were identified by the WAPC. It was

suggested that these contributed to the construction of new suburban developments with few or no
street trees. These may also offer some explanation for the tree provisions within the evaluated

developments. The lack of space in the narrow road verges has led to conflicts of use and issues of
risk liability over the co-location of utilities infrastructure (e.g., pipes and cables) from root damage.

Additionally, a major constraint to the planting of street trees from local government perspectives

has been the cost of maintenance and management through the lifecycle of the trees following

handover from the developer and damage or risk liability to public and private property and

pavements (Western Australian Planning Commission 2009). The LNG principle of providing street

trees is evidently sound; however on this occasion the technical requirements appear to have
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proved ambiguous, leading to a breakdown in its application from principle to on-ground
implementation.

Since the second edition of the LNG the WAPC has re-standardised the road verge widths to 5m to

ensure adequate space within the verge for all services and utilities as well as street trees (Western

Australian Planning Commission 2009). The WAPC also presents a range of solutions to mitigate
the LGAs’ perceived barriers to street tree provision. They suggest the introduction of a two year

establishment phase for streetscapes by the developer prior to handover to the LGA, requiring the
developers to plant and establish street trees for two summers, after which the trees will require
less watering and maintenance (Western Australian Planning Commission 2009).

The identification of the current tree locations within individual developments has provided a

measurable benchmark for assessing tree provision. This unique database could be used to

highlight areas of existing developments where canopy cover could be improved (and thus improve

street amenity for pedestrians and cyclists) and to guide and evaluate future tree planting
programs and retrofitting.

8.9

Implementing lot layout requirements

The results from the process evaluation indicate that the developments had made general attempts

towards increased densities in accordance with the standards set by LNG. All of the developments
exceeded the lower LNG net residential dwelling density threshold of 12 dwellings per site hectare,

with densities averaging 19.2 per hectare in LNs and 16.7 in CNs. The process evaluation also
revealed that the percentage of ‘small’ lots was noticeably higher in LN developments (9.0%)
compared to the CNs (0.8%). This translates as higher proportions of the residential land area

occupied by the medium-density lots across the LNs (6.1%) compared with the CNs (0.4%).
Greater provisions of small lots around neighbourhood and town centres were also evident within

the LN developments, a trend not observed within the CN developments. These results suggest that
the provision of smaller, medium density lots may be one distinguishing factor between the two

development types. That is, those developers who chose to have their developments assessed

under the LNG process were those that recognised the benefits of providing smaller lots and were
willing to trial an alternative and more diverse housing stock. This may also have provided a point
of difference for their marketing strategies distinguishing their development from others.

The findings from the process evaluation are also consistent with recent Western Australian data
indicating a growing trend for development of smaller lots within the suburban greenfield areas. In
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2009, the median lot size of newly created residential lots in the Perth metropolitan and Peel
regions was estimated to be 456m2. This represented a 19% reduction in the median lot size of

development applications since 2004 (562m2) (State of Western Australia 2010). Similarly, a 2010

report exploring trends in the dwelling type approvals in 2009 (Australian Bureau of Statistics
2010) indicated increased proportions of new building approvals for medium and high density
housing in new developments. These trends, in conjunction with the process evaluation results of

these new developments; may reflect an increasing acceptance and willingness by developers to

offer different housing types and development models.

A number of issues were however identified that related directly to the practicalities of
implementing the lot layout requirements and residential density targets. These issues may have
influenced the implementation of this within the evaluated developments, as discussed below.

The ability to increase the number of small lots and increase densities around neighbourhood and
town centres was considered to be an incentive for adopting LNG. However, the practice of
providing higher densities through apartments and higher density multi-housing units around
neighbourhood and town centres on the suburban fringe is relatively untried. Both consultations

undertaken by Curtis and Punter (2004) and the UDIA (2005) suggested that many developers

questioned the market demand for this type of housing stock (i.e., smaller houses on smaller lots)
and the potential risks in terms of marketability and their profit margins.

The Residential Planning Codes of Western Australia (R-codes) control all residential development

in terms of built form and housing densities. All R-codes are administered and applied by local

government, who through their local planning policies can vary, augment or replace the R-codes
(Western Australian Planning Commission 2008). The R-codes provide a guide to the permissible
maximum density of development. In practice however, these maximum thresholds are rarely met.

Grose (2007) presented evidence illustrating that the average dwelling densities in Perth were
approximately 13-60% larger than the statutory minimum lot size of the R-codes residential

density categories in suburban Western Australia. In contrast to the maximum density thresholds

set by the R-codes, the LNG adopts minimum density targets. The LNG document itself states that
where inconsistences arise between LNG and the mandatory provisions of the R-codes, the R-codes

prevail. As such, LGAs may have vetoed developers’ plans for increased densities. It is plausible
then that the residential densities approved by the WAPC under LNG did not actually transpire onthe-ground.
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The LNG calls for an increased provision of ‘small’ lots (i.e., 350m2) to assist in producing higher

residential densities, especially around neighbourhood or town centres and public transport stops.
However, under the R-codes, additional planning approval is required for single houses on lots

≤350m2.

However, utilising this method further increased the workload and amounts of

information to be prepared by the developers. Furthermore, it could potentially extend the time
period of the approvals process, thus potentially adding another ground of conflict between the

developer and the LGA. This may serve as a further disincentive for developers to plan for small
lots.

Lastly, higher density housing would work best if it was accompanied by high levels of amenity and
public transport services (Giles-Corti, Ryan & Foster 2012).

The lack of regional public

transportation infrastructure servicing the greenfield suburban developments on the outer fringes

of the Perth metropolitan region, and which are the developments being evaluated, may offer
another explanation for developers’ reluctance to develop higher densities and different housing

stocks.

8.10

8.10.1

Implementing public parkland requirements
Amount of public open space

The LNG requires that 10% of the subdivisible land area of new residential developments be
provided as public open space. It also identified a range of park types based on size and catchment

areas (i.e., local parks, neighbourhood parks and district parks). The 10% provision of land for POS

is a requirement that is universally applied to all developments throughout the state, regardless of
its location (i.e. on greenfield sites, coastal developments, canal developments and those in the hills
surrounded by bush and woodland) and current population and development patterns.

The “10% rule” is derived from recommendations found in the Stephenson-Hepburn Plan for
metropolitan Perth of 1955 (Stephenson & Hepburn 1955). This proposed that a minimum area of

the subdivisible land was to be allocated to POS for recreational purposes, such as children’s play
areas and sports fields, based on the number of people the POS was intended to serve. This

allocation was based on the density of persons in a given area and was informed by an English local
authority model of 1 acre per 1000 habitable rooms. However, when translating this model to

Western Australia the Stephenson-Hepburn plan recommended an altered allocation of 0.5 acre per
1000 persons based on the assumption that, at the time, Australian house block sizes tended to be
bigger than those in England with more private open space (i.e., bigger back gardens) and therefore
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required a reduced need of public open space (Carter 2012; Grose 2009; Grose 2007). Additionally,
the residential density at the time of the 1055 Plan was 12 dwellings per hectare and so the amount

of green space required in a housing development serving 60,000 people would be around 10% of

the gross area (Giles-Corti, Ryan & Foster 2012). The 0.5 acres per 1,000 persons was taken, and
continues to be taken in practice, to represent 10% of POS of land released per development (Grose
2009; Grose 2007).

However, questions are now being asked regarding the suitability of the continued adoption and
blanket application of this 10% rule.

Grose (2009) suggests that these old standards and

assumptions are no longer valid as they have not been adjusted since to cater for varying

population densities, nor do they apply to consolidation and in-fill of existing suburbs (Grose 2009).
The modified area-percentage standard in Western Australia, and by the LNG, actually ignores

Stephenson and Hepburns’ original intent of a per capita provision of POS - that as density

increases, the amount of green space required would also increase as a substitute for less private
space (Giles-Corti, Ryan & Foster 2012).

At the time of the Stephenson-Hepburn plan in 1955, the

lot sizes in suburban Perth were at an all-time high, reflecting the ‘quarter-acre block’ (Grose 2007).

In new suburban developments across Perth today there has been a trend for decreasing housing

lot sizes in pursuit of increased housing densities and in response to Western Australian

government policies such as the LNG. However, the amount of private open space has actually been
reducing over time as block sizes are decreasing and housing envelopes are increasing (Hall 2010).
However, there has been a simultaneous trend for increased building/house footprints on blocks

(of all sizes), diminishing the private open space available as back-yards or home gardens (Hall
2010). Both Hall (2010) and Grose (2009) have identified clear-cut differences between older

suburbs, characterised by larger private open spaces to the rear of properties with extensive lawn
or grassed space and tree cover and the newer residential developments with significantly less
space between the dwellings. Margaret Grose (2009) has directly indicated that as a result of the

combination of decreased private open space and additional objectives of POS that more POS than

the current 10%, is required. This is a view echoed by others (Carter 2012; Giles-Corti, Ryan &
Foster 2012; Middle, Tye & Middle 2010; Department of Sport and Recreation 2010; Department of

Sport and Recreation 2011). The LNG’s allowance of 2% reduction in POS provisions therefore

seems at odds in light of the findings and concerns identified here.

Population growth estimates for Perth indicate a rapidly growing population that will need to be

housed and a desire for increased densification and urbanisation (Western Australian Planning

Commission 2010). Indeed, the LNG calls for increased residential densities within new suburban
developments but does not increase the requirements for POS provisions. With an increased
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population to house on smaller lot sizes (with less private open space) questions have been raised
as to whether 10% of POS is sufficient? The demands and functional requirements placed on POS,

as a result of policies, such as LNG, calling for greater housing densities have not been matched by

an increase in the allocation of land to POS (Middle, Tye & Middle 2010; Department of Sport and
Recreation 2011; Giles-Corti, Ryan & Foster 2012; Grose 2009).

The LNG does stipulate that POS should “meet the needs of the community to be served, including the
population density and profile or user groups” (Western Australian Planning Commission 2000).
However, it appears that the 10% rule is almost always defaulted to and used as the rule of thumb.

Work by Grose (2009) has identified that planners consider that many developers know there is no
solid research basis behind the allocation of POS. Additionally, as a blanket approach, the figure of
10% POS has been of use to the development industry as it provides economic certainty in any

calculation of profit from their development land areas (Grose 2009). As such, she found that

planners have found it hard to enforce the full allocation of at least 10%.

Moreover, the 10%

standard makes it difficult for planners and environmental scientists to argue the case for greater
POS as developers feel they lose potential yield and profit (Grose 2009).

In practice, the actual provision and function of the public open spaces in many new developments

may actually be below 10%. The authors of the LNG recognised that incentives were needed to

encourage developers to adopt the code (Jones 2010). Under LNG, concessions were introduced to
reduce the POS from 10% to 8% of the gross subdivisible area of new developments (i.e., from 10%

to 8% of the gross subdivisible area) if the developer agrees to maintain the POS for the first two

years (Curtis & Punter 2004; Western Australian Planning Commission 2000).

The 2%

dispensation is also permitted where natural areas, cultural features or urban stormwater
collection and management facilities (open water bodies or drainage swales/basins) are present

and included as part of the POS (Western Australian Planning Commission 2000; Western

Australian Planning Commission 2004; Carter 2012; Grose 2009). Artificial lakes or permanent

drainage ponds up to 20% of the total POS contribution are also included within this 8-10%
provision.

The joint provision of parklands with these other uses potentially affects the

functionality and usability of spaces provided for recreation and leisure and particularly for
structured sporting pursuits (Grose 2009; Grose 2007; Middle, Tye & Middle 2010; Department of
Sport and Recreation 2010; Department of Sport and Recreation 2011)
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8.10.2

Park types

Concerns are also being raised that the blanket 10% provision rule, as adopted by LNG, has affected
the size, type, function, distribution and accessibility of POS, particularly in new suburban areas.

There are now concerns that this rule has led to a decrease in the number of, and access to, larger
multi-purpose areas and playing fields suitable for sport, active recreation and social interaction in

new suburban developments (i.e. those residents in newer suburbs have to travel further to access
playing fields). The piecemeal and siloed nature of subdivision and structure plan development

proposals and approvals are not assisting in the planning for and development of larger open

spaces.

The parks present within the evaluated developments were typical of the POS development being
implemented across the wider suburban areas of Perth. They tend to be provided in the form of

similar smaller to medium-sized parks that were turfed, highly formalised, landscaped and

aesthetically presented with limited endemic-vegetation (due to clear felling of the development

site) and with a scarcity of natural wooded areas, and undulating landscapes. Water features in the
form of lakes or ponds were also popular features.

Criticism has been made of these park typologies and that they provide little biodiversity and
ecological benefit and diversity and quantities of spaces, resulting in parks that are only suitable for

passive recreation with limited opportunities for active recreation and walking (Grose 2009). The
increased numbers and spatial distribution of these smaller parks, and the highly formalised and

landscaped nature of these, have led to higher maintenance costs. This has resulted in fiscal
challenges and tensions between the developers and LGAs regarding water and maintenance
budgets of turf and exotic flora. This is an increasing concern to local governments (Grose 2009).

Restraints on LGA expenditure have limited the ability of local governments to develop and
maintain POS in this fashion once the developer has withdrawn and handed over the POS to the
LGA.

The observed failures to meet even the 8% concessionary standards may actually be a consequence
of the area-percentage based standard adopted by LNG (i.e., 10% of the subdividable land area to
be ceded as POS).

Because the LNG standard for POS provision is an area-percentage it is

proportional to the size of the development. The absolute areas of land to be ceded as POS in

smaller subdivisions are therefore also going to be small. As Grose discovered, developers of these
smaller subdivision may then be able to argue for even smaller POS provisions. This may also, in
part, explain the proliferation of smaller parks within the developments. The parks are, in part, a
224 | P a g e

product of the smaller project level scales of development. The piecemeal and siloed nature of

subdivision developments over a wider area then will fail to provide the larger open spaces
required as destinations for recreational walking. LNG also plans for a diversity of POS types (i.e.,

sizes) but the scales of development at which it is currently being applied means developers are
unable to meet these principles.

Additionally, the joint objectives and uses for POS further

constrain the usable spaces of those actually provided.

8.11

Conclusions

In a recent discussion paper reviewing the progress of the LNG, a major proponent of the LNG and
one of its co-authors stated that: “Nethertheless, much has been achieved through LNG including
achieving better walkability, efficient urban layouts for public transport, permeable street systems,

wider housing choice and better integration of urban water management and will be more capable of
adaptation over time than sprawl layouts” (Jones 2012). The results of the process evaluation in
most part support these claims. In general, the housing developments showed positive trends in
beginning to adopt and implement many of the key elements of the movement network element

with more connected street networks, more permeable (i.e. smaller) block configurations, and
better provisions for pedestrians. There were also positive trends in the increased densities of
these suburban developments and the provision of a more diverse housing stock.

Using a variety of sources to provide contextual information and in line with Roger’s Diffusion of

Innovation Theory (Rogers 2003), this chapter identified some of the perceived issues and/or

characteristics the LNG that affected how readily it was adopted by developers and the issues

associated with the on-ground implementation of the LNG from its principles to practices within

the RESIDE developments in 2009, some 36 months after the commencement of the RESIDE study.

It discussed the practicalities of implementing the LNG and identified potential facilitators and

barriers or factors that may have prevented or limited the implementation of aspects of the LNG,
such as: (1) its relative advantage: the degree to which the use and implementation of the LNG was
viewed as better than the previously available conventional planning policies; (2) compatibility: the
degree to which the principles and content of the LNG was consistent with the values, experiences,

and needs of the developers; (3) complexity: how difficult the LNG was to understand and how

complex it was to implement on-the-ground; (4) trialability: the degree to which the LNG could be

experimented with on a limited basis without a large investment (Rogers 2003; Owen, Glanz, Sallis
& Kelder 2006; Moreland-Russell, Eyler, Barbero, et al, 2013).
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Identified issues included those directly relating to the structure and content of the Liveable

Neighbourhoods Guidelines, as well as administrative and political processes affecting the

developer’s ability or willingness to implement different LNG requirements. It also highlighted the
nuanced way in which new housing developments were processed and approved (and selected for

inclusion into the RESIDE study) as a result of the voluntary nature of the LNG at the inception of its

trial period, which contributed to the extent of implementation of the requirements. Finally, it
identified LNG requirements that were more difficult and costly to implement and that were not

fully incorporated, at least within the timeframe of the evaluation. Table 8.1 summarises the main
barriers to implementation identified. Determining and highlighting these issues is important to

allow for changes and improvements to be made to the current LNG document itself (i.e., its
structure and content) as well as the wider development practices and approvals processes.

Table 8.1

Summary of practice gaps affecting implementing of LNG principles on-ground

LNG document and content


The content and structure of the LNG handbook was a disincentive to use;



The guidelines were difficult to understand and use due to the number of
requirements and level of duplication and repetition across elements;



Mandatory (“must” be considered) and desirable (“should” be considered)
requirements were not clearly articulated;



Lack of clarity over mandatory and desirable requirements for developments of
different scales;



Lack of prescription as a result of its performance-based approach allowing
flexibility in application of the requirements. This was fundamentally different from
existing conventional planning policies that were more specific and prescriptive.



LNG was intended to be applied over larger structure plan or regional-scaled
developments. The smaller subdivision and project scaled developments were of
insufficient size to accommodate many of the community design features (e.g.,
neighbourhood centres);



400m walkable catchment areas for neighbourhood centres required under LNG
too small for the scales and density of suburban residential developments;



Lack of integrated planning of individual subdivision developments;



Developer unwillingness to become involved in the development of a centre;
perceptions of added financial and physical complexities of a mixed-use
development because of the complexity of integrating varied uses;



Multiple approvals from local governments and amendments to existing town
planning schemes and land zoning designations that increase development costs
and timelines;



Provision of pedestrian-friendly design features and main-street centres may be
more expensive and time consuming than the construction of surface parking lots
for box configured centres.

Content and complexity of
the LNG document

Scale of development

Community Design
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Lack of regional public transportation routes and decentralised employment
opportunities;



Current routing and provision of public transport services by the Public Transport
Authority and state government is reactive, in response to where sufficient
population bases are present;



The indirect and disjointed network of public transport services to the outer suburbs
and the distances to employment opportunities means it remains an unviable and
unattractive alternative to driving;



The road engineering standards and layouts under LNG directly contradicted those
of the conventionally based design standards based on the Austroads Guide to
Road Design;



Developers resistant to the restricted use of culs-de-sac;



Insufficient road verge widths to accommodate street trees as well as utilities;



Local government authorities perceptions of cost for tree planting and ongoing
maintenance and risk liability to public and private property;



Conflict with the Residential Planning Codes of Western Australia which prevails
over LNG standards;



Local government authority resistance to increased intensification and densities of
land uses;



Increased application workloads for developers providing small lots;



Co-operation needed from building industry to work with developers and supply
alternative housing stocks.



Concerns over the applicability and suitability of the out-dated and blanket 10%
provision rule;



2% dispensation of POS requirements and the joint provision of public parkland
with other uses or functions (such as drainage) and aesthetic features (e.g., lakes
or ponds) further reduces the usability of the green spaces available for formal
sports recreation activities;



Concerns over the resulting park typologies. Parks provided tend to be in the form
of similar smaller to medium sized parks that are turfed, highly formalised and
landscaped with limited endemic vegetation. Lack of larger multi-purpose areas
and playing fields suitable for active sports and recreation.



No requirements under LGA planning schemes to assess POs function, design or
long-term management as part of new residential development proposals;



No regional or local government authority co-ordination of POS requirements
provisions and the piecemeal and siloed nature of the subdivision and structure
plan development proposals and approvals is inhibiting the planning for and
provision of larger open spaces.

Public Transport

Movement Network

Lot Layout

Public Open Space

Operational and procedural barriers


The voluntary nature of the trial period of the LNG upon its introduction meant
developers were able to choose whether it was used and applied in their new
development proposals;



During the trial period developers were able to ‘cherry-pick’ LNG requirements to
trial in their new developments. As such many of the more costly or difficult
requirements to implement (i.e., community design requirements) may have been
overlooked;



Developments were approved as ‘liveable’ that did not include the full suite of LNG
requirements, as envisaged by the code;



Diffusion of LNG principles to conventional developments;

Flexibility in application and
lack of assessment rigour
during the trial period
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Speed and complexity of
approvals processes

Conflicting policies,
standards and regulators

Monitoring and enforcement
of LNG implementation post
WAPC approval



Slower assessment and approvals for development submitted under the LNG
processes;



LNG development proposals required additional information which proved time
consuming and costly to developers which was a major disincentive for its use and
application;



Lack of prescriptive nature increased the subjectivity of the approvals processes
and lack of consistency in its use, application and enforcement;



Requests for amendments to local planning schemes as a result of increased
intensification and diversity of land uses allowed under LNG further increased
processing and approval timelines and was a potential disincentive;



Inconsistencies between state sanctioned LNG and local government authority
‘local planning schemes’;



Many of the LNG principles and requirements directly contravened existing
conventional planning and engineering policies and standards;



Local government authorities were able to negotiate LNG principles and
requirements approved by the WAPC in accordance with their local planning
schemes – resulting in a breakdown of the LNG principles to on-ground outcomes.



No follow-up or monitoring and enforcement by the WAPC of the on-ground
installation of LNG principles and requirements approved for development;



LNG did not have the legal standing to prevail over all conventional design policies

Developer willingness to adopt a new model of development


Perceived risks of implementing some of the LNG principles and requirements in
terms of profit margins, market demands or preferences, marketability and
extended development timelines and complexities of creating mixed-use
developments (compared to residential housing developments);



Developers’ unwillingness to become involved in the development of
neighbourhood centres

Perceived risks and market
demand

Incentives for adoption of LNG

Lack of incentives to
encourage compliance
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The only incentive was for a 2% reduction in POS which was counter to many
developers’ preferences for installation of POS as a marketing feature;



No incentives were offered to encourage the provision of and early installation of
neighbourhood and town centres;



Incentives could include: fast-tracked approvals processes; reduced land tax or
council rates for mixed-use portions of the development to allow developers to
charge reduced rents for retail spaces in the early establishment phases;



No incentives for provision of higher residential densities and installation of
medium- or high-density housing early in the development phases to support early
provision of public transport routes and services.

Morrow-Jones and colleagues (2004) have suggested that new urbanist projects are most likely to
achieve their goals when all of the constituent pieces are used in a development, but in the real

world not all developments contain all of the features inherent in the original ideas. Sohmer and
Lang (2000) have offered a New Urbansit hierarchy of features that tend to be implemented and
are most likely to be present in developments labelling themselves as new Urbanist. They noted

that aesthetic style was most likely to appear; followed by urban design features; and land use
characteristics were least likely to be used. Fulton postulates that this is a result of developers
‘cherry-picking’ the aspects they like, rather than taking the set of guidelines as a whole (Fulton

1996). This process evaluation indicated a similar situation had occurred, with a breakdown in the

application of the LNG principles (i.e., principle-practice gaps). This was a consequence of the

disjointed nature of its uptake, application and implementation by developers ‘cherry-picking
requirements for use in their developments during the trial period and allowances by the WAPC for
the selective application of its principles.

As developers were able to ‘pick and choose’

requirements to trial in their developments, with the easier principles implemented first rather
than the more difficult and more expensive principles, it evident that there was some breakdown in

the principle and intended combinations of LNG requirements delivered. Additionally, the choice of
requirements was likely to be constrained by the scale of the developments.

Project level

developments were not at the scale envisaged (or needed) by LNG. As such it was not feasible or
viable for developers of these developments to implement features such as neighbourhood centres,
larger parks or areas of public open space. Moreover, additional gaps or compromises to the LNG

principles were created as a result of negotiations between developers and the local government
authorities

As such the process evaluation revealed that the developments evaluated did not represent

completed or holistic examples of suburban developments fully applying the LNG at the scale it was

intended to be applied. Thus, these developments were failing to produce the totality of on-ground

outcomes envisaged by LNG. Indeed, no LN developments incorporated the full complement of LNG
requirements. A major aim of LNG was to increase walking, cycling and public transport levels and

to reduce the dependence on private automobile travel. The outcome evaluation that follows in

chapter 10 assessed the current levels of LNG implementation and requirements against the

walking behaviours of residents within the study developments. This will assist in assessing which
principles, when implemented, are important to change behaviour.

This was undertaken to

establish which on-ground LNG principles were bringing about the desired benefits and intended

walking outcomes envisaged by the LNG and its objectives, which may help to inform the review of
the LNG in the future.
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Chapter 9
Outcome Evaluation:

Liveable Neighbourhoods and
9.1

Walking Behaviours

Introduction

As noted in Chapter 2, a key intended outcome of the Liveable Neighbourhoods Guidelines (LNG) was
to reduce car dependence and encourage more active forms of transport in the form of walking,
cycling and public transport use. Walking was targeted as the specific behavioural outcome for

assessment as part of this evaluation in determining the LNG’s performance against its stated

objectives. Because the process evaluation indicated that there were no differences in levels of
implementation of the LNG between the LNs and CNs, residents in all developments were pooled
for the purposes of the outcome evaluation.

LNG compliance and walking
The results of the process evaluation revealed incomplete implementation of the LNG requirements
across the evaluated developments, such that the built form outcomes envisaged by the LNG were
not being produced on the ground. Nevertheless, an important question remained: were the on-

ground outcomes that had been delivered in the developments associated with the desired walking

outcomes? The first part of the outcome evaluation therefore examined the associations between
the levels of compliance with LNG and different walking behaviours.
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LNG requirements for walking
The second part of the outcome evaluation was to identify from a public health or physical activity
perspective, which of the LNG requirements from the community design, movement network, lot
layout and public parkland elements were important for encouraging or supporting walking
behaviours.

In reality the built environmental characteristics found to be associated with walking do not occur
in isolation but concurrently. Neighbourhood built environments contain numerous and differing

combinations of co-existing features that may influence physical activity behaviours (Adams, Sallis,
Kerr et al.). There is now growing recognition of the combined, or cumulative effects, of many

rather than a few individual environmental attributes that might better explain walking and

physical activity behaviours (Frank, Saelens, Powell et al. 2007; McCormack, Friedenreich,
Sandalack et al. 2012). Cervero and Kockelman (1997) conclude that trying to measure the unique

effects of any one built environmental feature is futile because of the high multi-collinearity and

statistical interaction of built environmental variables. Sallis et al (2012) have also suggested that

it may actually be conceptually unwise to attempt to isolate the effects of individual built
environmental characteristics because the cumulative effects of multiple environmental features
may actually be required to bring about behaviour change.

The interacting effects of LNG

requirements on the walking outcomes were therefore also investigated. This was an important
consideration given that the requirements were never intended to occur in isolation.

Development types and walking
As highlighted in Chapter 1, the study of combined built environmental attributes to date has
largely focused on the use of composite walkability indexes. These account for the presence of

multiple built environmental features, by combining scores for variables that represent
connectivity, density and land use mix and have been associated with transport-related walking

(Frank, Sallis, Saelens et al. 2009; Christian, Bull, Middleton et al. 2011; Owen, Cerin, Leslie et al.
2007; Learnihan 2007). Subsequent versions of walkability indices by different researchers have

modified the land use mix component by varying or adding new categories. Christian et al (2011)

have also added public open space to the land use mix, strengthening the relationship with

recreational walking. However, additional attributes other than those included in walkability
indices may be important contributors for the walkability or pedestrian friendliness of an area.

Recent studies have attempted to identify neighbourhoods with clusters of features that are

associated with walking and physical activity outcomes (McCormack, Friedenreich, Sandalack et al.
2012; Cerin, Leslie, du Toit et al. 2007; Charreire, Weber, Chaix et al. 2012; McNally & Kulkarni
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1999). Data-driven techniques and procedures such as cluster analysis have been suggested as an

alternative methodology to characterise the multidimensional nature of neighbourhoods and the
identification of patterns of co-existing features (Nelson, Gordon-Larsen, Song et al. 2006).

Cerin et al (2007) used cluster analysis to identify three neighbourhood types based on the

dominant land-uses present. They found that respondents living in commercial/industrial

dominant neighbourhoods did more walking for transport than those residing in residentialdominant neighbourhoods. This study was limited in its focus of land uses to characterise the

neighbourhoods. Three other studies have used cluster analyses on a wider set of environmental

attributes to define their neighbourhood’s types. McNally and Kulkarni (1999) identified three
neighbourhood types using cluster analysis: 1) neotraditional (few cul-de-sacs, many four-way

intersections, high commercial land areas and high population densities); 2) planned unit
development (many cul-de-sacs, few four-way intersections, less commercial land areas and low

population densities); and 3) hybrid or mixed neighbourhoods. Charriere et al (2012) used a two-

step procedure based on cluster analysis to identify seven built environmental patterns in the
region surrounding Paris, France, using measures derived from GIS on green spaces, proximity to
facilities (destinations) and cycle paths.

They found that subjects living in contrasting

neighbourhoods (i.e. with high accessibility to green spaces and local facilities and a high density of
cycle paths) were 2.5 times more likely to walk or cycle.

In a recent study McCormack et al (2012) also identified different cluster-derived neighbourhood

types with homogenous built environmental characteristics in Calgary, Canada. This team used the
widest range of features: the walkshed area (i.e. 1.6km network buffer/service area); the number of

businesses/km2; the mix of recreational facilities/km2; the length of sidewalks/km2; total
population/km2; the percentage of neighbourhood green space/km2; and the length of

cycleways/km2. Three neighbourhood types were identified and participation in neighbourhoodbased transportation differed by neighbourhood type.

Adams et al (2011) suggest that ‘profiling neighbourhoods’ using statistical patterning approaches,
such as cluster analysis, may convey more effectively the relationships between the multitude of

environmental characteristics and health outcomes and thereby reveal neighbourhood types for
more targeted improvement of public health interventions or policy actions. The same is likely to

be true of the LNG requirements. Whilst the four different elements of the LNG provide guidance

on the provision of important built environmental features required to stimulate walking, it is likely
to be the cumulative effect of the elements and respective requirements that is important to bring

about the intended outcomes in terms of walking behaviour.

Given the multitude of LNG
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requirements that were measured and the incomplete levels of implementation of the four different

elements within the developments, a third objective of the outcome evaluation was to use cluster
analysis of LNG requirements to identify homogeneous clusters of built environmental features and
investigate the associations with walking.

Cluster analysis
Cluster analysis is an “exploratory data analysis tool for organising observed data into meaningful

groups based on combinations of independent variables which maximises the similarity of cases within
each group while maximising the dissimilarity between groups that are initially unknown” (Mooi &

Sarstedt 2011; Bailey 2012). Several different clustering procedures are available. The k-means is

the most common of the ‘partitioning’ clustering methods, where k is the number of clusters you

want, and a case is assigned to the cluster for which its distance to the cluster mean is the smallest
(Norušis 2011). Prior to analysis, a decision on the number of clusters must be made. This may be
informed from previous research or based on new theoretical ideas or be made on practical
considerations. The number of clusters must be small enough to ensure manageability, but each
cluster should be large enough to warrant strategic attention (Mooi & Sarstedt 2011). The k-means

method uses within-cluster variation on standardised variables as a measure to form homogenous

clusters. Specifically, the procedure aims to segment the cases in such a way that the within-cluster
variation is minimised and the between-cluster variation is maximised (McNally & Kulkarni 1999).

Generally, the k-means method is superior to hierarchical methods as it is less affected by outliers
and the presence of irrelevant clustering variables (Mooi & Sarstedt 2011).

Walking and self-selection
As highlighted in Chapter 1, a large body of evidence has found consistent significant associations

between the built environment and walking behaviour. The majority of the evidence base has been
in the form of cross-sectional studies, which are insufficient to establish and infer causality of these

associations. The central concern is the role of neighbourhood self-selection in explaining the

observed correlations (Handy & Mokhtarian 2005). Residential self-selection refers to differences

in observed behaviour that may be due to the values of the individuals under observation, rather
than the phenomenon being used to explain the behaviour - in this case the built environment
(Frank, Engelke & Schmic 2003). Individuals’ choice of residential location is likely to be based on

numerous factors. These include economic circumstances and socio-demographic characteristics.
Preferences for particular neighbourhood characteristics and attitudes towards active travel and

physical activity (i.e., walking and cycling) may also be important (Mokhtarian & Cao 2008;
McCormack, Friedenreich, Sandalack et al. 2012). The issue at hand is whether the positive
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associations observed between the built environment and increased walking are due to the

residential location choices and individuals’ preferences for walking (Cao, Handy & Mokhtarian
2006). That is, do individuals with positive attitudes towards walking, and a predisposition to

walk, choose to live in walkable neighbourhoods with features and characteristics more conducive
to walking (Handy, Cao & Mokhtarian 2006; McCormack, Friedenreich, Sandalack et al. 2012;

Mokhtarian & Cao 2008; Handy & Mokhtarian 2005). Conversely, do individuals who prefer to use
modes of transport other than walking choose to live in a neighbourhood that is convenient for this

preference? Handy (2005) indicates that if this were the case, then the role of the built environment

would be to facilitate preferred (i.e., walking) behaviours, rather than the built environment
changing individuals walking or physical activity levels.

A number of studies have compared the travel and neighbourhood preferences of residents living in

New Urbanist, neo-traditional or traditional neighbourhoods compared with conventionallydesigned suburban neighbourhoods. A study by Dill (2006) found that residents living in New

Urbanist developed neighbourhoods clearly ranked having destinations within walking distance of
much higher importance than those in conventional subdivisions. Handy and Mokhtarian (2005)
also cite results comparing residents’ attitudes towards travel behaviours.

Those living in

traditional neighbourhoods had more favourable attitudes towards walking, cycling and public
transport use than those in suburban developments who expressed more car dependent
preferences. The residents of the suburban developments also perceived car use to be safer than

walking, cycling or taking public transport. The literature regarding the issue of self-selection is,
however, inconclusive. A series of studies by Schwanen and Mokhtarian (2005a; 2005b) suggested

that the built environment had a positive effect on individuals’ travel behaviours after accounting
for the effects of residential self-selection.

The RESIDE project has also explored the

neighbourhood characteristics that influenced participants’ choice of moving into their new

liveable or conventional developments (Giles-Corti, Knuiman, Timperio et al. 2008).

Compared with those moving into conventionally designed developments, RESIDE participants
moving into the liveable neighbourhoods were more likely to rate as important a desire to be
nearby to shops and services, public transport and parks. They also had greater preferences for

footpaths and ease of walking within their neighbourhood and sense of community. However,
there were no differences in the walking behaviours by development type. Additionally, its recent

longitudinal analyses support these findings with no evidence of self-selection related to the choice

of residential location associated with longitudinal changes in walking (Giles-Corti, Bull, Knuiman et
al. In Press; Christian, Knuiman, Bull et al. 2012).
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Whilst inconsistent, there is sufficient evidence to date to suggest that failing to control for
individuals’ factors and preferences related to neighbourhood self-selection may produce biased

estimates of the effect of the neighbourhood environment on walking behaviours (McCormack,
Friedenreich, Sandalack et al. 2012). This evidence warrants consideration. As such, the outcome

analyses controlled for the effects of residential self-selection as a potential confounder of the

observed relationships between the LNG requirements and levels of compliance and walking
outcomes. This was done to minimise potential bias in the evaluation results and increase the
validity of conclusions drawn.

Aims and structure
The specific aims of this chapter were threefold:
Study One: To examine the association between current levels of LNG implementation and

compliance (i.e., percentage policy compliance scores) observed within the RESIDE developments
and the walking behaviours of participants resident in those developments;

Study Two: To examine the associations between the implementation of the specific LNG
requirements and walking behaviours and to identify LNG requirements that accounted for the
greatest variance in the walking outcomes. The second part of this study also investigated the
interacting effects of LNG requirements on transport and recreation walking behaviours.

Study Three: To undertake cluster analysis of LNG requirements to identify clusters of

developments with homogeneous LNG features present and investigate their associations with the
walking behaviours of participants who were resident in those clusters of developments.

The methods and results sections of this chapter address the three studies in turn. The findings
from all three are addressed simultaneously in light of the current evidence and the results of the
process evaluation in the discussion section.
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9.2

9.2.1

Methods

Selection of RESIDE participants

All RESIDE participants that were resident in one of the 36 housing developments at the T3 data

collection time-point, had lived in that same house at T2 and had completed the T3 survey were
eligible for inclusion in the LNG Evaluation study. A total of 664 RESIDE participants met these

three criteria (n=328 resident within the 19 LN developments and n=336 within 17 CN

developments). Respondents were excluded from analyses where they did not provide full data for
the relevant walking outcome and demographic and self-selection covariates.

9.2.2

Socio-demographic factors

Four demographic variables were used in all analyses: age; gender (male or female); education
status (primary or secondary, trade or apprentice and university or higher); and the presence of
any children at aged 18 years and under living at home (yes/no).

9.2.3

Self-selection factors

The baseline RESIDE survey asked participants to report the importance of 21 factors influencing

their choice of new housing development, prior to moving into their new home (Appendix 4).

Twelve of these factors, that matched requirements and objectives contained within the LNG, were
used in all analyses (Table 9.1). Each item was dichotomised to indicate whether the factor was
‘important’ or ‘not important’ in the participants’ choice of neighbourhood 1.

Table 9.1

Self-section items from the RESIDE survey (n=12)
1.

Affordability / value

2.

Closeness to parks (open space)

3.

Closeness to a variety of parks

4.

Closeness to school

5.

Closeness to public transport

6.

Desire for nearby shops and services

7.

Ease of walking

8.

The streets have footpaths

9.

The streets are designed to be safer for pedestrians and cyclists

10. The streets are designed to minimise traffic
11. There was a choice of lot sizes and housing types
12. It is easy to find way your around the neighbourhood

1

Important = ‘somewhat important’ or ‘important’ or ‘very important’; Not important = ‘not at all important’ or ‘not
important’
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9.2.4

Compliance scores

As previously outlined in Chapter 7, percentage policy compliance scores were computed for each

of the evaluated developments. The five scores represented the percentage compliance with each
of the four elements and an overall LNG compliance score.

9.2.5

Measures of LNG requirements

The LNG evaluation was specifically concerned with quantifying the levels of implementation

within the housing developments selected for inclusion in the RESIDE study. As such, the measures
of the LNG requirements had been developed for and compiled at the housing development scale,

not for each individual RESIDE participant. Thus, all RESIDE participants located within the same

development were assigned the same score for each LNG requirement within their respective
development.

Associations were examined between the accessibility to destinations and walking behaviours

within a variety of different buffer sizes (i.e., 400m, 800, and 1600m). The average distances from
all residential dwellings within a development to the destinations were also assessed.

9.2.6

Outcome variables: self-reported walking behaviours

The walking behaviours of RESIDE participants was measured using the Neighbourhood Physical
Activity Questionnaire (NPAQ) (Appendix 5). This differentiates between walking within and

outside of the neighbourhood (defined as a 10-15 minute walk from their home). NPAQ has

previously been shown to have acceptable reliability (Giles-Corti, Timperio, Cutt et al. 2006).
RESIDE participants were asked to indicate whether, in a usual week; they walked in or around

their neighbourhood or local area; the frequency and duration of their walking; and whether it was

for transport (i.e., to get to or from somewhere) or recreation (i.e., for health, fitness or recreation)

(Giles-Corti, Timperio, Cutt et al. 2006). From these data, four dichotomous walking variables

(yes/no) were computed:

 Any walking for transport within the neighbourhood;

 Any walking for recreation within the neighbourhood;

 ≥60 mins of weekly walking for transport within the neighbourhood;

 ≥60 mins of weekly walking for recreation within the neighbourhood;
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Walking was dichotomised at 60 minutes per week as previously done by Christian et al (2011).

This lower threshold of (i.e. 60 minutes) was applied because relatively few participants met the
150 minute threshold in accordance with current physical activity recommendations that
encourage adults to undertake moderate to vigorous physical activity (including brisk walking) for

at least 30 minutes, five times per week (Rosenberg, Mills, McCormack et al. 2010) through one
type of walking (i.e., transport or recreation) or from total walking inside the neighbourhood.

9.2.7

Statistical analysis

All data analyses were performed in SPSS version 19.0. Full data on each of the walking outcomes

and demographic covariates had not been provided by all participants. Table 9.2 outlines the
numbers of participants included in analyses for each of the walking outcome variables, based on

the availability of walking, demographic and self-selection data. This was done to ensure maximum
numbers of participants for each analysis.

9.2.8

Study one: LNG compliance and walking

Four separate regression models assessed associations between LNG compliance across the four

policy elements and self-reported walking behaviours. A fifth model assessed the levels of overall
policy compliance. Each model controlled for the demographic variables (i.e. gender, age, education

status, presence of children at home) as well as stage and scale of development and self-selection.

Logistic regression with generalised estimating equations (GEE) to account for clustering of
participants within the RESIDE developments was used to estimate the odds ratio (OR) and 95%

confidence intervals (95%CI) for the likelihood of undertaking any and at least 60 minutes of
transport and recreational walking associated with a 10% increment in level of policy compliance.

The 12 self-selection variables were entered into the models and a backwards stepwise elimination

procedure was used to eliminate redundant self-selection variables. At each stage the self-selection

variable with the highest p value (and >0.05) was removed and the model re-fitted. This continued

until all remaining self-selection variables had p values ≤0.05.

A second set of models attempted to identify the relative importance of each of the four elements’

levels of compliance in relation to the four walking outcomes. For each walking outcome, the
percentage compliance scores of the four elements were simultaneously entered into a model also
containing the important self-selection, demographic, stage and scale of development variables.
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9.2.9

Study two: individual LNG requirements and walking

Each of the computed measures reflecting the different LNG requirements were assessed against

the walking for transport and recreation outcome variables. Logistic regression with GEE to
control for clustering of participants within developments was used to examine associations of LNG

requirements in relation to each of the walking outcomes. Each model controlled for the
demographic variables as well as the stage of construction and scale of development.

All predictor variables (i.e., LNG requirements) were initially examined separately for their

individual association with each of the walking outcomes. Variables with potential associations

with the walking outcome (univariate p value ≤0.1) were accepted into the next backwards

elimination phase of analysis. The backwards stepwise elimination phase was run separately for

LNG requirements within each of the four elements to identify the specific requirements from each
element that accounted for the greatest variance in the respective walking outcome. At each stage
the LNG requirement with the highest p value (and >0.05) was removed and the model re-fitted.

This continued until all remaining LNG requirements had p values ≤0.05 which constituted the
(final) multivariate model. A second final model that also adjusted for the self-selection variables

(in addition to demographic, stage of construction and scale of development variables) was also
fitted.

For each walking outcome, all of the LNG requirements removed after the backwards elimination

procedure were identified. These were then, in turn, assessed for their moderating effects on the
LNG requirements that remained in the stepwise models. Interactions of requirements from
different elements were also examined (for example, access to a neighbourhood centre and

footpath provisions) for their associations with walking. Each of the requirements entered into

models with interaction terms were first dichotomised (i.e., reflecting high vs. low levels of
implementation). Logistic regression with GEE to control for clustering of participants within

developments were run on the LNG requirements identified for interaction analysis. These were

entered into models containing the important self-selection, demographic, stage of construction
and scale of development variables.

9.2.10

Study three: cluster analysis of development types and
walking

A k-means cluster analysis was run on the LNG requirements measured at the development-level.

The 43 developed measures were used in the cluster analysis. Prior to running the cluster analysis,
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all of the variables were standardised (i.e., z-scores), as is usual practice, to allow all variables to
compete equally in determining clusters. A series of k-means cluster analyses were run using

different numbers of cluster solutions (two to six) and the within variance measure of each cluster
solution and the descriptive statistics generated for each of the variables by cluster type assessed

until an optimal number of clusters was determined. 2 The optimal number is the minimum number

at which any further increase in clusters produces only a marginal reduction in within-cluster
variance and the size of the clusters is still adequate.

Once the clusters of developments were determined, a one-way ANOVA was run on the z-scores

and raw variables to statistically assess how distinct the different clusters were from one another

and which classifying variables were significantly different between the cluster groupings (i.e.,

which variables contributed most to the cluster solution). Tukey’s post-hoc tests were run to

determine where any significant differences lay and assist in determining the differentiating
characteristics of the different clusters.

All participants were assigned the cluster number of the housing development in which they were
resident. Logistic regression with generalised estimating equations (GEE) to account for clustering

of participants within the RESIDE developments was used to estimate the odds ratio (OR) and 95%

confidence intervals (95% CI) for the likelihood of undertaking any and at least 60 minutes of
transport and recreational walking (outcome variable 1-4 listed above) comparing development

type clusters. All models controlled for the demographic variables, stage of construction and scale
of development, with a second model further adjusting for self-selection.

9.3

9.3.1

Results

RESIDE participant characteristics

Table 9.2 outlines the socio-demographic characteristics of the LNG evaluation sub-sample of
RESIDE participants by each of the walking outcomes. The average age of participants was 43 years

(SD 11.7). The majority were female and married or in a de-facto relationship. About one-half of

participants had one or more children under the age of 18 years living at home. Nearly two-thirds
drove to work in a private automobile, driving themselves or with someone else (64.7%) and less
than 5% used active travel modes to work (walking or cycling).
2

The Error Mean Square (from ANOVA outputs) for each variable is an estimate of the within cluster variance for that
variable. An overall within cluster variance was obtained by computing the average of these; As the variables used in the
cluster analysis were standardized the total variance for each variable is 1.0 and hence this computed overall within
variance was a measure that can be used to compare the different cluster solutions; As the number of clusters increases this
within variance measure should decrease (i.e., the between variance increases). The point at which limited further
decreases are observed is an indication that the between-group to within-group variation is maximised.
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Table 9.2

Participant characteristics of analytical datasets by each walking outcome
Any walking
for transport1

≥60 mins
transport
walking2

(n=594)

Any walking
for recreation1

≥60 mins
recreation
walking2

(n=592)

(n=592)

(n=589)

n

%

n

%

n

%

n

%

Yes

167

28.1

89

15.0

348

58.8

292

49.6

No

427

71.9

503

85.0

244

41.2

297

50.4

Age [years in 2006 (SD)]

43.1 (11.7)

43.0 (11.6)

43.2 (11.7)

43.1 (11.7)

Gender
Male

221

37.2

221

37.3

222

37.5

222

37.7

Female

373

62.8

371

62.7

370

62.5

367

62.3

Secondary or less

198

33.3

196

33.1

196

33.1

194

32.9

Trade / apprentice / certificate

233

39.2

233

39.4

231

39.0

230

39.0

Bachelor or higher

163

27.4

163

27.5

165

27.9

165

28.0

Married / defacto

516

86.9

514

86.8

514

86.8

512

86.9

Separated / divorced / widowed

56

9.4

56

9.5

56

9.5

55

9.3

Single

22

3.7

22

3.7

22

3.7

22

3.7

Yes

316

53.2

316

53.4

312

52.7

312

53.0

No

278

46.8

276

46.6

280

47.3

277

47.0

Education Status

Marital Status

Has one or more children <18 years
living at home

1

2

Taken from the RESIDE survey item asking participants to indicate the number of times walked for transport/recreation in the
neighbourhood in a usual week
Imputed from the RESIDE survey item asking participants to indicate the number of minutes spent walking for
transport/recreation in the neighbourhood in a usual week

9.3.2

LNG compliance and walking

Walking for transport in the neighbourhood
Table 9.3 shows the odds ratios for 10% increments in levels of LNG compliance with each of the

LNG elements and walking for transport outcome variables. Adjustment for self-selection made
little difference to the outcome results. The results of the associations of each element entered

separately into the models after adjustment for self-selection (model one) and all elements entered

together after adjustment for self-selection (model two) are presented.

After adjustment for self-selection, for every 10% increase in compliance with the MN element,

participants were 2.5 times more likely walk for transport within the neighbourhood (95%CI 1.4–

4.5, p≤0.01). Although it did not reach statistical significance (p=0.071) for every 10% increment in
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compliance of the MN element participants were also twice as likely to do ≥60 minutes of walking
for transport within the neighbourhood (OR 2.0 95%CI 0.9–4.3).

After adjustment for the

compliance scores for all four elements (model two), compliance with the movement network

element remained the only element associated with doing ≥60 minutes of walking for transport
within the neighbourhood, but this did not reach statistical significance (p=0.077).

A 10% increment in compliance of the CD and LL elements was also associated with significantly

increased odds (p≤0.01) of walking for transport within the neighbourhood (CD OR 1.3 95%CI 1.11.4, p≤0.001; LL OR 1.3 95%CI 1.1–1.5, p≤0.01). Participants were also 1.2 times more likely to do

doing ≥60 minutes of walking for transport within the neighbourhood with 10% increases in the

implementation of and compliance with the CD element (OR 1.2, 95%CI 1.0-1.3, p≤0.05). Moreover

for every 10% increase in overall compliance the odds of participants doing any walking for
transport increased by a factor of 1.5 (OR 1.5 95% CI 1.1 – 2.1, p≤0.01).

After adjustment for the compliance scores for all four elements (model two), compliance with the

community design element remained the only element associated with doing any walking for
transport within the neighbourhood, this was approaching statistical significance (p=0.053).

Walking for recreation in the neighbourhood
Table 9.4 shows the odds ratios for 10% increments in levels of LNG compliance with each of the
LNG elements and walking for recreation outcome variables. The largest odds ratio for any walking
for recreation was for compliance with the movement network element in both model one (OR 1.5)

and model two (OR 1.8), but in neither case did it reach statistical significance. Notably, the level of
compliance with the public parkland element when fully adjusted for the compliance scores of all
four elements (model two) with its emphasis on smaller parks, was negatively associated with
doing any recreational walking within the neighbourhood (OR=0.83, 95%CI 0.7-1.0, p≤0.05).

No significant associations were found between the levels of LNG compliance with walking for
recreation in either model one or two.
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1.38-4.50

1.06-1.50

1.271

2.491

1.261

0.781

Community
Design

Movement
Network

Lot Layout

Public
Parkland

0.59-1.04

0.085

0.010

0.003

0.000

0.007

p-value

0.83

1.09

1.84

1.14

-

OR

0.67-1.04

0.84-1.41

0.80-4.20

0.99-1.31

-

95%CI

0.111

0.519

0.150

0.053

-

p-value

0.763

1.022

2.012

1.172

1.142

OR

0.53-1.08

0.80-1.30

0.94-4.27

1.03-1.32

0.70-1.88

95%CI

0.121

0.874

0.071

0.016

0.598

p-value

0.83

0.92

2.02

1.09

-

OR

0.61-1.11

0.69-1.22

0.93-4.41

0.89-1.33

-

95%CI

Gender, age, education status, presence of children at home.
Five self-selection variables / preferences remained in the model: Affordability/value; Ease of walking; the streets have footpaths; the streets are designed to minimise traffic; and closeness to a variety of parks.
One self-selection variable / preference remained in the model: The streets are designed to minimise traffic.
One self-selection variable / preference remained in the model: Closeness to a variety of parks.
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3

2

1



1.13-2.08

1.531

TOTAL

1.13-1.42

95%CI

0.206

0.546

0.077

0.412

-

p-value

Model Two
Elements examined simultaneously and
adjusted for demographic variables*,
stage and scale of development and selfselection

Model One
Elements examined separately and
adjusted for demographic variables*,
stage and scale of development and selfselection

Model Two
Elements examined simultaneously and
adjusted for demographic variables*,
stage and scale of development and selfselection

Model One

≥60 mins of transport walking

Elements examined separately and
adjusted for demographic variables*,
stage and scale of development and selfselection

Any Walking or Transport

Odds Ratios of walking for transport in the neighbourhoods for 10% increases in percentage compliance scores with LNG

OR

Table 9.3

3

2

1



0.73-1.30

0.83-2.65

0.88-1.28

0.971

1.031

1.491

1.061

0.851

TOTAL

Community
Design

Movement
Network

Lot Layout

Public
Parkland

0.099

0.511

0.180

0.618

0.848

p-value

0.83

0.99

1.753

0.97

-

OR

0.69-1.00

0.78-1.27

0.75-4.07

0.87-1.08

-

95%CI

0.044

0.966

0.194

0.572

-

p-value

0.892

0.982

1.352

1.012

0.972

OR

0.75-1.06

0.81-1.19

0.83-2.20

0.92-1.11

0.74-1.27

95%CI

0.202

0.863

0.230

0.822

0.799

p-value

0.89

0.86

1.56

0.97

-

OR

Gender, age, education status, presence of children at home.
Three self-selection variables / preferences remained in the model: Ease of walking; the streets have footpaths; and closeness to a variety of parks.
One self-selection variable / preference remained in the model: Closeness to a variety of parks
Compliance with the movement network element that had a significant association with doing any walking for recreation without adjustment for self-selection (OR 1.67, 95%CI 1.01-2.78, p=0.049).

0.69-1.03

0.92-1.14

95%CI

0.77-1.04

0.78-1.18

0.81-3.03

0.86-1.09

-

95%CI
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0.141

0.682

0.186

0.571

-

p-value

Model Two
Elements examined simultaneously and
adjusted for demographic variables*,
stage and scale of development and selfselection

Model One
Elements examined separately and
adjusted for demographic variables*,
stage and scale of development and selfselection

Model Two
Elements examined simultaneously and
adjusted for demographic variables*,
stage and scale of development and selfselection

Model One

≥60 mins of recreation walking

Elements examined separately and
adjusted for demographic variables*,
stage and scale of development and selfselection

Any Walking or Recreation

Odds Ratios of walking for recreation in the neighbourhoods for 10% increases in percentage compliance scores with LNG

OR

Table 9.4

9.3.3

LNG requirements and walking

The following sections present the results examining associations between the LNG requirements

and the walking for transport and recreation outcome variables.

The univariate results are

presented in a series of tables located in Appendix 6. Only the highly (p≤0.001) or moderately

(p≤0.01) significant results from these univariate tests are highlighted and described here to avoid
the chance of identifying spurious associations given the large number of requirements assessed
against the four different walking outcomes. The results from the multivariate models containing

the significant and independent LNG requirements associated with walking outcomes are
presented in Tables 9.5 to 9.12. Because these are multivariate models the OR for a variable (i.e.,

LNG requirement) is therefore adjusted for the other requirements in the same model. Interaction
terms between different LNG requirements are highlighted and unpacked where significant.

Community design requirements and walking for transport
The process evaluation results revealed that just 8.4% of the total 31,102 residential dwellings

within the 36 housing developments had a neighbourhood centre within 400m walking distance –
falling short of the LNG standard for ≥60% of all residential dwellings to be within a 400m walking

distance of a neighbourhood centre. All analyses examining associations of walking with access to

neighbourhood centres was therefore run on having access to a centre within a 1600m threshold
(67.2% of the 31,102 residential dwellings across the 36 housing developments had access within

1600m). This distance is also consistent with previous RESIDE analyses and measurement of the

‘neighbourhood’ and is consistent with Australian public health recommendations for achieving 30
minutes of moderate intensity exercise per day. The 1600m service area represents a 30 minute
round-trip walk (i.e., 15 min each way to/from a centre).

The results of the multivariate analyses for each of the walking for transport outcome variables and

community design requirements are shown in Table 9.5. Four LNG requirements remained in the
multivariate models associated with doing any walking for transport. Just one LNG requirement
remained associated with undertaking 60 minutes or more of transportation walking per week.

Interaction terms focussed on this section address the associations between community design and
movement network requirements and walking behaviours.
Access to neighbourhood centres
Having access to a neighbourhood or town centre within 800m walking distance was highly

significantly associated with doing any walking for transport within the neighbourhood (OR 2.89,
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95% CI 1.50-5.59, p≤0.01). This attenuated slightly but remained significant after adjustment for

self-selection (OR 1.6, 95% CI 1.1-2.4, p=0.016). Having a centre within 1600m was also associated
with increased odds of doing any walking for transport (OR 4.88, 95%CI 1.6-15.1) and 60 minutes

or more of walking for transport within the neighbourhood per week (OR 4.3, 95%CI 2.0-9.3).

A number of important variables did not meet the criteria for inclusion in the final model but their
moderating influence was examined. The percentages of dead end streets positively moderated the

main effect of access to a neighbourhood or town centre within 1600m on walking for transport.

Participants with access to a centre within 1600m and low dead-end street percentages (reflective

of shorter cul-de-sacs) were 12.4 times more likely to do any walking for transport within the

neighbourhood (OR 12.4, 95%CI 3.4-45.8) and 11.9 times more likely to do ≥60 minutes of walking

for transport within the neighbourhood (OR 11.88, 95%CI 3.9-38.5) compared with those living in

developments without access to a centre and a high percentages of streets terminating in deadends.

Similarly, the number of external access points also positively moderated the main effect of
accessibility to a neighbourhood centre: RESIDE participants with access to a centre within 1600m

and high number of external access points were four times more likely to do any walking for

transport within the neighbourhood compared to those with no centre and low number of access
points (OR 4.01, 95%CI 1.1-14.1).

Additionally, the provision of pedestrian movement network infrastructure positively moderated
the effects of accessibility to a neighbourhood centre on walking for transport behaviour. After

adjustment, the odds of doing any and ≥60 minutes of walking for transport within the
neighbourhood were over five (OR=5.3, 95%CI 1.7-16.6) and seven (OR=7.5, 95%CI 2.7-21.6) times

higher for those living in developments with a neighbourhood centre accessible within 1600m and

a high sidewalk to road ratios, compared with having no centre accessible within 1600m and low

provisions of sidewalks.

Similarly, participants with access to a centre within 1600m and high footpath to road ratios

development-wide had greater odds of doing any walking for transport within the neighbourhood
(OR=8.1, 95%CI 2.7-24.0) and ≥60 minutes of walking for transport within the neighbourhood

(OR=5.7, 95%CI 2.6-13.4) compared with those without a centre and low footpath provisions.

These results highlight the importance of having a neighbourhood centre within walking distance
as a destination for transport-related walking, in addition to good access and a supportive
movement network.
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Configuration of neighbourhood centres
The centre format was also an important LNG requirement associated with doing any walking for
transport. Compared with having no neighbourhood centre accessible within a 1600m walking

distance, residents with big-box configured centres were more likely to do any walking for
transport within the neighbourhood (OR=3.7, 95%CI 1.3-10.9). However, where a main-street style

centre was accessible within the same distance, residents were nearly nine times more likely to do
any walking for transport (OR=8.9, 95%CI 2.8-28.7) compared to having no centre present and

twice as likely to walk for transport compared with having a big-box configured centre. Where a
main-street configured centre was accessible within 1600m participants also had higher odds of
doing ≥60 minutes of weekly transport walking, compared with having no centre accessible.
Moderation with sidewalk provision was also examined.

The interaction term revealed that

compared with having no centre accessible within 1600m and low sidewalk provisions:

participants in REISDE developments with a main-street configured centre and high sidewalk
provisions (i.e., lengths) were 13 times more likely to do any walking for transport within the
neighbourhood (OR 12.9, 95%CI 1.4-123.6). This was also associated with higher odds of doing 60

minutes of walking for transport per week, although this was approaching significance (OR 16.2,

95%CI p=0.091).

Destination diversity
The diversity of destinations within the centres was also an important correlate of walking for

transport remaining in the multivariate models. For every additional destination type present the
odds of doing any walking for transport increased by a factor of 1.2 (95% CI 1.01-1.5) and walking

for 60 minutes or more per week within the neighbourhood by a factor of 1.4 (95% CI 1.1-1.7) after
adjustment for self-selection.

Schools
The presence of a primary school within 1600m only just met the entry criteria (p≤0.1) for

inclusion in the multivariate analyses. However, it remained significant in the multivariate analysis

and in the model after controlling for all other community design features. The results of the final
model indicated that having a school within 1600m, after controlling for the presence of the other

community design requirements in this model (i.e., having a neighbourhood centre and its diversity
of destinations and configuration) and neighbourhood self-selection, was associated with a lower
odds of doing any walking for transportation (OR 0.40, 95% CI 0.29-0.54, p<0.001).
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Given these findings and the fact that a primary school may only act as a destination for transport-

related walking for adults with children, further investigation was undertaken by way of interaction
analyses between the two community design features.

The interaction term revealed that,

compared with having a low (average) distance to the nearest primary school and a centre present
(within 800m), participants with low average distances to a school but with no neighbourhood

centre accessible within 800m were about 70% less likely to do any walking for transport within

the neighbourhood (OR 0.30, 95%CI 0.09-0.99, p≤0.05). This indicates that for the RESIDE adult
population surveyed; a neighbourhood centre within 800m was a better attractor of walking for

transport within the development compared to having a school site alone (after controlling for the
presence of children at home).

Table 9.5

Odds ratios from the multivariate modelsa examining the community design requirements
with walking for transport
Any walking for transport

LNG Requirement
OR

95% CI

≥ 60 minutes of walking for
transport per week
OR

95% CI

Main Street Centre within 1600m1

2.10

1.38-3.16

1.70

1.05-2.68

Box-Style Centre within 1600m1

1.38

0.82-2.31

1.68

1.20-2.36

Destination Diversity of centre2

1.22

1.01-1.49

1.36

1.11-1.68

Bus stop within 400m3

0.70

0.51-0.85

-

-

Primary school present within 1600m4

0.55

0.35-0.86

-

-

a Adjusted for demographic variables (age, gender, marital status, education status, presence of children <18 years of age living at


1

2

3

4

home), stage of construction and scale of development and self-selection variables (as indicated below)
Two self-selection/neighbourhood preference variables remained in the model: Affordability; and the streets are designed to
minimise traffic.
Reference group = having no neighbourhood or town centre present within an average distance of 1600m ≥10% of all residential
dwellings within a development.
Number of different destination type present from a mix of eight destination types: 1) convenience goods; 2) retail goods; 3)
general services; 4) medical & health care services; 5) eating & drinking out; 6) entertainment & amusement; 7) religious
establishments; 8) community services.
Reference group = having no primary school present within an average distance of 400m from ≥10% of all residential dwellings within a
development.
Reference group = having no primary school present within an average distance of 1600m from ≥10% of all residential dwellings within
a development.
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Community design requirements and walking for recreation
The configuration of the neighbourhoods centre was the only community design requirement to

have highly significant associations with the recreational walking outcomes in the univariate
analyses (Appendix 6).

This was the only community design requirement to remain in the

multivariate models for both recreational walking outcomes also (Table 9.6).

As observed for transport walking, after adjustment for self-selection the presence of a main-street

configured centre within 1600m was associated with increased odds of doing any walking for
recreation (OR 2.3, 95%CI 1.5-3.4) and for achieving 60 minutes or more of weekly recreational

walking in the neighbourhood (OR 2.4, 95%CI 1.7-3.2). Additionally, compared with having no

centre present, having a big-box configured centre was not associated with walking for recreation

within the neighbourhood.

Given the positive associations observed for the footpath provisions with walking for recreation

both here (see next section detailing the movement network results) and elsewhere, the interaction
of sidewalk provisions with centre configurations, revealed some moderation of the main effect of
the centre configuration on walking for recreation. Compared with having no centre and low

sidewalk provisions (i.e., sidewalk to road ratios), participants in RESIDE developments with a
main-street configured centre and high sidewalk lengths were over five times more likely to do any

walking for recreation within the neighbourhood (OR 5.5, 95%CI 1.4-22.6). These results suggest

that the configuration of the neighbourhood centre, in addition to the pedestrian infrastructure

provided are important for encouraging recreational walking within the neighbourhood, and the

presence of a big box centre is a major deterrent even if pedestrian infrastructure is provided.
Table 9.6

Odds ratios from the multivariate models examining the community design requirements
with walking for recreation
Any walking for recreation

LNG Requirement
OR

95% CI

≥ 60 minutes of walking for
recreation per week
OR

95% CI

Main Street Centre within 1600m1

2.28

1.53-3.38

2.37

1.74-3.23

Box-Style Centre within 1600m1

1.07

0.77-1.50

0.95

0.71-1.26

a Adjusted for demographic variables (age, gender, marital status, education status, presence of children <18 years of age living at
home), stage of construction and scale of development and self-selection variables (as indicated below)

Three self-selection/neighbourhood preference variables remained in the model: Ease of walking; the streets have footpaths;
and closeness to a variety of parks

One self-selection/neighbourhood preference variable remained in the model: Closeness to a variety of parks
1
Reference group = having no neighbourhood or town centre present within an average distance of 1600m ≥10% of all residential
dwellings within a development.
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Movement network requirements & walking for transport
Results of the univariate regression analyses revealed three movement network requirements that
were moderately significantly (p≤0.01) associated with increased odds of doing any walking for

transport within the neighbourhood. These were: 1) length of footpaths within the development;

2) the sidewalk to road ratios within 400m of a neighbourhood centre; and 3) the number of trees
along the footpath networks was also associated with doing and walking for transport at the
revised significance level of p≤0.005 (Appendix 6).

The results of the multivariate analyses for each of the walking for transport outcome variables and

movement network requirements are shown in Table 9.7. Four LNG requirements remained in the

multivariate models associated with doing any walking for transport. Two LNG requirements
remained associated with undertaking 60 minutes or more of transportation walking per week.
External connectivity

The levels of external connectivity showed strong associations with walking for transport. After

adjustment for self-selection participants were 1.35 times more likely to do any walking for

transport within the neighbourhood with increased numbers of pedestrian-friendly external access
points per kilometre along the development perimeter (OR 1.35, 95% CI 1.06-1.73, p≤0.01).
Footpaths

After controlling for self-selection, the length of footpaths and number of trees provided along the

path networks 3 were significantly associated with increased odds of doing any walking for
transport within the neighbourhood (footpaths: OR 1.02, 95% CI 1.01-1.02, p<0.001; trees: OR 1.04,

95% CI 1.03-1.06, p≤0.001). Similarly, increased lengths of footpaths (kilometres) present within

the housing developments, was associated with a small, but significant, increased odds of transport
walking for 60 minutes or more within the development after adjustment for self-selection (OR

1.02, 95% CI 1.00-1.03, p≤0.05).

Given the small associations of both the length of footpaths and number of trees, and the
assessment of trees along the footpath networks, the cumulative effects of both were examined.
The number of trees along the footpaths positively moderated the main effect of the footpath length

on walking for transport. Compared with having low footpath lengths and low numbers of trees,

RESIDE participants in developments with high footpath provisions (i.e., lengths) and a higher
3 The number of trees was measured per km of footpath length. The OR represents the likelihood of walking for
transport per additional km of footpath length with trees
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number of trees positioned along the footpath networks were 2.4 times more likely to do any

walking for transport within the neighbourhood (OR 2.38, 95%CI 1.36-2.4.19, p≤0.005); and 3.5
times more likely to do ≥60 minutes of walking for transport per week within the neighbourhood
(OR 3.54, 95%CI 2.00-6.19, p≤0.001).

Block density was measured to reflect the level of internal connectivity within the developments,

that is higher block densities reflect a larger number of smaller blocks. However, this may also

reflect the density of an area, with higher block densities representative of smaller lots and thus a
more compact and denser neighbourhood. Block density however did not remain in the final

multivariate model. Given the known individual associations between connectivity and pedestrian
infrastructure (i.e., footpaths) for walking the cumulative effects of block density with sidewalk

provisions was examined. It was hypothesised that given the lack of associations with block
density (i.e., connectivity) alone, that the provision of pedestrian infrastructure may also be
important. Unpacking the interaction terms between block density and the sidewalk to road ratios

revealed some interesting findings that both the internal connectivity and provision of sidewalk
were important for transport-related walking within the neighbourhood. In this instance the best

case scenario was used as the reference group (i.e., high block densities and high sidewalk to road

ratios) to see if the absence of either of these features attenuated the odds of walking for transport.

Compared with having high block densities (i.e. good connectivity) and high sidewalk to road ratios,
participants in developments with high block densities but low sidewalk ratios were less likely to

do any (OR 0.31, 95%CI 0.14-0.71, p≤0.01) or ≥60 minutes of walking for transport within the
neighbourhood per week (OR 0.29, 95%CI 0.15-0.58, p≤0.001). Similarly, participants with high

sidewalk to road ratios but low block densities (i.e. poor connectivity) were also less likely to do

≥60 minutes of walking for transport within the neighbourhood per week (OR 0.47, 95%CI 0.28-

0.79, p≤0.005).
Culs-de-sac

Participants living in developments with culs-de-sac link ratios ≥0.5 (i.e., ≥50% of all the cul-de-sacs

within the development had linking routes present) were 2.4 times more likely to walk for
transport for 60 minutes or more per week within the neighbourhood (OR 2.39, 95% CI 1.07-5.35,
p≤0.05).

Given the multiple LNG requirements relating to the provision and construction of culs-de-sac

several interaction terms relating to the cumulative effects of these were examined. Additionally,

the interaction term revealed that the cumulative effect of short culs-de-sac (as measured by the

dead-end street percentage) and linking routes at cul-de-sac termination points (as measured by
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the cul-de-sac link ratio) positively moderated the association with walking for transport:

Compared with having >10% of the road network terminating in dead-end streets and <50% of the
culs-de-sac having linking routes, participants in RESIDE developments with ≤10% dead-end street
percentages and ≥50% of the culs-de-sac having linking routes were nearly six times more likely to

do any walking for transport within the neighbourhood (OR 5.8, 95%CI 1.4-5.2); and were 6.5 times

more likely to do ≥60 minutes of walking for transport within the neighbourhood per week (OR
6.48, 95%CI 1.2-36.4).

The cul-de-sac length ratio was not associated with either of the walking for transport outcomes.

However, the interaction of linking routes at cul-de-sac termination points (as measured by the cul-

de-sac link ratio) positively moderated the main effect of the cul-de-sac length ratios with walking

for transport: Compared with having low cul-de-sac length ratios (i.e., few cul-de-sac meeting the

LNG standard of ≤120m) and <50% of the culs-de-sac having linking routes, RESIDE participants in

developments with high cul-de-sac length ratios and ≥50% of the culs-de-sac having linking routes

were 3.5 times more likely to do any walking for transport within the neighbourhood (OR 3.34,

95%CI 1.01-11.1); and were 3.2 times more likely to do ≥60 minutes of walking for transport

within the neighbourhood per week ( 95%CI 1.04-9.81).

Table 9.7

Odds ratios from the multivariate modelsa examining the movement network requirements
with walking for transport
Any walking for transport

LNG Requirement

≥ 60 minutes of walking for
transport per week

OR

95% CI

OR

95% CI

Number of access points along the
development perimeter (per km)

1.35

1.06 - 1.73

-

-

Length of footpaths (km) within the
development

1.02

1.01 - 1.02

1.02

1.00 - 1.03

Number of trees per footpath km within
development

1.04

1.03 - 1.06

-

-

-

-

2.40

1.09 - 5.26

Cul-de-sac links Ratio (≥0.5)2

a Adjusted for demographic variables (age, gender, marital status, education status, presence of children <18 years of age living at
home), stage of construction and scale of development and self-selection variables (as indicated below)

Four self-selection/neighbourhood preference variables remained in the model: Affordability; ease of walking; the streets are
designed to minimise traffic; and the streets have footpaths

One self-selection/neighbourhood preference variable remained in the model: Closeness to a variety of parks
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Movement network requirements and walking for recreation
Four movement network requirements were highly significantly (p≤0.001) associated with

increased walking for recreation within the neighbourhood in the univariate analysis: 1) increased

block densitiy (any recreational walking); 2) the length of footpaths within the development (any

and ≥60 minutes of recreational walking); 3) footpath to road ratios (≥60 minutes of recreational
walking); and increased sidewalk to road ratios within 400m of the neighbourhood centre (≥60
minutes of recreational walking).

The development-wide sidewalk to road ratios was also

associated with doing ≥60 minutes of walking for recreation within the neighbourhood per week at

the revised significance level of p≤0.005. At this level, the walkable block ratios was also associated

with significantly increased odds of doing any walking for recreation within the neighbourhood
(Appendix 6).

The length of footpaths did not remain in the final multivariate model. However the interaction of

footpath length with the number of trees (along the footpaths) also positively moderated the main
effect of the footpath length on walking for recreation. Compared with having low footpath lengths
and low numbers of trees, RESIDE participants in developments with high footpath provisions (i.e.,

lengths) and higher numbers of trees positioned along the footpath networks were 1.7 times more
likely to do any walking for recreation within the neighbourhood (OR 1.68, 95%CI 1.1-2.6).

The results of the multivariate analyses for each of the walking for recreation outcome variables

and movement network requirements are shown in Table 9.8. Two LNG requirements remained in
the multivariate models associated with doing any walking for recreation. Three LNG requirements
remained associated with undertaking 60 minutes or more of recreational walking per week.

In multivariate models that included adjustment for self-selection, increased block densities were
associated with significantly increased odds of doing any walking for recreation within the
neighbourhood (OR 6.8, 95% CI 3.56-13.10, p≤0.001) and for undertaking 60 minutes or more of
recreational walking within the neighbourhood per week (OR 5.1, 95%CI 1.9-13.2).
Dead-end street percentages
The dead-end street percentages were significant in the multivariate model for recreational

walking. Participants resident in developments with between 10% and 20% of the road network
(length) terminating in cul-de-sacs (compared with ≥20%) were 1.6 times more likely to walk for

recreational purposes within the neighbourhood for 60 minutes or more per week, after
adjustment for neighbourhood preferences. Dead end street percentages also remained significant
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for achieving recommended levels of walking (i.e., 150 minutes) per week. After adjustment,
participants resident in developments with between 10% and 20% of the road network (length)

terminating in cul-de-sacs (compared to ≥20%) were twice as likely to walk for recreational

purposes within the neighbourhood for 150 minutes or more per week. When less than 5% of the

road network length terminated in dead-ends this was increased further, with the odds 1.8 times
higher in participants meeting recommended levels of walking per week.
Culs-de-sac
Somewhat counter to these findings, with every additional cul-de-sac that met the LNG length

requirement (i.e., ≤120m), participants were significantly less likely to do any walking for
recreation (Table 9.8). Block density however moderated the effect of the cul-de-sac length ratios

on walking for recreation. Compared with developments with low proportions of cul-de-sacs

meeting the LNG length requirement and with low block densities, participants in developments

with high proportions of cul-de-sacs meeting the LNG length requirement and high block densities

were 2.2 times more likely to do any walking for recreation within the neighbourhood in a usual

week (OR 2.22, 95%CI 1.50-3.29, p=0.001). Additionally, participants in developments with low

proportions of cul-de-sacs meeting the LNG length requirement but with high block densities were

1.5 times more likely to do any walking for recreation (OR1.52, 95%CI 1.10-2.12, p≤0.05) and 2.4
times more likely to do ≥60 minutes of walking for recreation within the neighbourhood per week

(OR 2.39, 95%CI 1.39-4.11, p≤0.005) compared with those with low proportions of cul-de-sacs

meeting the LNG length requirement and with low block densities.

There was also a trend towards block density moderating the effect of the dead-end street

percentages on walking for recreation. Compared to developments with high dead-end street

percentages and low block densities (reflective of longer winding cul-de-sac terminating streets

and bigger blocks), participants in developments with low dead-end street percentages and high
block densities (reflective of shorter culs-de-sac and smaller blocks), were 1.6 times more likely to

do ≥60 minutes of weekly walking for recreation within the neighbourhood. This was approaching
significance (OR 1.63, 95%CI 0.94-2.80, p=0.080).

In contrast to the positive findings observed for cul-de-sac linking routes and walking for transport

(i.e., the more cul-de-sacs with linking routes the greater the odds of walking for transport) an

increased number of culs-de-sac with linking routes was associated with decreased odds of

recreational walking. Participants with cul-de-sac link ratios ≥0.5 (i.e., ≥50% of all the cul-de-sacs

within the development had linking routes present) were nearly 50% less likely to walk for
recreation for 60 minutes or more per week within the neighbourhood (OR 0.52, 95% CI 0.29-2.08,
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p≤0.05). The results remained significant after adjustment for neighbourhood preferences. Unlike

the walking for transport results, there were no significant interactions between the dead-end
street percentages and cul-de-sac linking routes.

Table 9.8

Odds ratios from the multivariate modelsa examining the movement network requirements
with walking for recreation
Any walking for recreation

LNG Requirement

≥ 60 minutes of walking for
recreation per week

OR

95% CI

OR

95% CI

Block Density

6.83

3.6-13.1

5.14

1.99-13.24

Cul-de-sac Length Ratio

0.20

0.06-0.64

0.17

0.05-0.57

Number of trees per footpath km within
development

-

-

1.01

1.00-1.02

Cul-de-sac links Ratio (≥0.5)2

-

-

0.64

0.47-0.86

Dead End Street Percentage
≥20%2

1.00

≥10% - <20%

1.47

1.04-2.08

1.63

1.12-2.36

≥5% - <10%

0.64

0.35-1.17

0.64

0.34-1.20

<5%

0.79

0.40-1.59

0.76

0.37-1.56

1.00

a Adjusted for demographic variables (age, gender, marital status, education status, presence of children <18 years of age living at
home), stage of construction and scale of development and self-selection variables (as indicated below)

Three self-selection/neighbourhood preference variables remained in the model: Ease of walking; the streets have footpaths;
and closeness to a variety of parks.

One self-selection/neighbourhood preference variable remained in the model: Close to parks (open space).

Lot layout requirements and walking for transport
The results of the multivariate analyses for each of the walking for transport outcome variables

and movement network requirements are shown in Table 9.9. Just one LNG requirement remained

in the multivariate models associated with doing any walking for transport and with undertaking
60 minutes or more of transportation walking per week. Very few significant associations were

found between the individual lot layout requirements and the walking for transport variables in

terms of main effects but there were significant findings following interactions with LNG features
from the community design element.

The proportion of the residential land area occupied by small lots was the only lot layout
requirement to remain significant in the multivariate model, with increased odds of doing any
walking for transport within the neighbourhood (OR 1.05, 95% CI 1.01-1.10, p≤0.05).
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This

attenuated slightly, but remained significant after adjustment for self-selection. The LNG calls for
smaller lots to be provided around neighbourhood and town centres as a method of increasing the
residential densities. These results may be indicative of higher residential densities within specific

areas of the development (i.e., around the neighbourhood or town centres) that were observed in
some of the developments.

Given the stated importance by the LNG of higher residential densities for supporting the provision

of neighbourhood centres the cumulative effects of the provision of small residential lots with the
presence and configuration of a neighbourhood or town centre was examined. Higher percentages
of small residential lots with the presence of a centre within 1600m and the configuration of the

centre positively moderated the associations with walking for transport. Compared with having

low proportions of small residential lots and no neighbourhood/town centre present within
1600m,

participants

with

high

proportions

of

small

residential

lots

and

with

a

neighbourhood/town centre present within 1600m were nearly four times more likely to do any

walking for transport within the neighbourhood (OR 3.7, 95%CI 1.1-12.5); and three times more

likely to do ≥60 minutes of walking for transport within the neighbourhood per week (OR 2.7,
95%CI 1.6-4.6).

The interaction of the percentages of small residential lots with the destination diversity of the

neighbourhood centres also positively moderated the main effect of the destination diversity on

walking for transport 4. Compared with living in a development with low percentages of small

residential lots and centres with low destination diversities, REISDE participants in developments

characterised by a high proportion of small residential lots and centres with high destination

diversity scores were 2.6 times more likely to do any walking for transport within the
neighbourhood (OR 2.59, 95%CI 2.09-3.20, p≤0.001) and twice as likely to do ≥60 minutes of

walking for transport within the neighbourhood per week (OR 2.12, 95%CI 1.96-2.55, p≤0.001).

The gross residential dwelling density was the only variable to meet the entry requirements
(p<0.1) into the multivariate analysis. However, somewhat counter intuitively the gross residential
dwelling densities were negatively associated with achieving ≥60 minutes of walking for transport

per week within the neighbourhood. However, when the interaction with the centre configuration
was examined, this positively moderated the main effects of the gross residential density on
walking for transport. Compared with having low gross densities and a box configured centre,

participants with high gross residential densities and main-street configured centres were 3.4
4

Multivariate model results after adjustment for self-selection: OR 1.81 (95%CI 1.29-2.51, p≤0.001)
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times more likely to do any walking for transport within the neighbourhood (OR 3.43, 95%CI 2.305.12, p≤0.001).

Net residential dwelling density did not remain in the final multivariate model. However the
interaction with a centre present within 800m was examined. Net residential dwelling densities

positively moderated the main effect of net residential density on the walking for transport but only
approached significance. Compared with having low net residential dwelling densities (i.e., <16

dwellings per hectare) and no centre accessible within (an average) distance of 800m, participants

with high net residential dwelling densities (i.e., ≥16 dwellings per hectare) and with a centre

accessible within (an average) distance of 800m were 2.7 times more likely to do any walking for
transport within the neighbourhood (OR 2.72, 95%CI 0.92-8.01, p=0.070).

Finally, the interaction between net residential dwelling densities and the destination diversity of
the neighbourhood centres was examined. Net residential dwelling densities positively moderated
the main effect of the destination diversity on walking for transport. Compared with living in a

RESIDE development with low net residential dwelling densities (i.e., <16 dwellings per ha) and
centres with low destination diversity scores, participants in RESIDE developments characterised

by high net residential dwelling densities (i.e., ≥16 dwellings per ha) and centres with high
destination diversity scores were 2.7 times more likely to do any walking for transport within the

neighbourhood (OR 2.66, 95%CI 2.01-3.54, p≤0.001) and 2.1 times more likely to do ≥60 minutes of

walking for transport within the neighbourhood per week (OR 2.06, 95%CI 1.90-2.22, p≤0.001).

Table 9.9

Odds ratios from the multivariate models examining the lot layout requirements with
walking for transport
Any walking for transport

LNG Requirement
OR
Percentage of residential land area
occupied by ‘small’ lots (i.e., ≤350m)
Gross residential dwelling density

95% CI

≥ 60 minutes of walking for
transport per week
OR

95% CI

1.04

1.01-1.09

-

-

-

-

0.82

0.68-0.97

a Adjusted for demographic variables (age, gender, marital status, education status, presence of children <18 years of age living at
home), stage of construction and scale of development and self-selection variables (as indicated below)

Five self-selection/neighbourhood preference variables remained in the model: Affordability; ease of walking; the streets are
designed to minimise traffic; the streets have footpaths; and closeness to a variety of parks


One self-selection/neighbourhood preference variable remained in the model: Closeness to a variety of parks
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Lot layout requirements and walking for recreation
The results of the multivariate analyses for each of the walking for recreation outcome variables
and lot layout requirements are shown in Table 9.10. Again, just one LNG requirement remained in

the multivariate models associated with doing any walking for recreation and with undertaking 60
minutes or more of recreational walking per week.

Very few significant associations were found between the individual lot layout requirements and

the walking for recreation variables. Nevertheless, participants living in developments with net
residential densities of 16-20 dwellings per site hectare were 1.6 times more likely to do any

walking for recreation compared with those in developments of densities between 12 and 16
dwellings per hectare (OR 1.59, 95% CI 1.06-2.40, p≤0.05). This attenuated and did not reach
statistical significance after adjustment for self-selection (OR 1.55, 95% CI 0.99-2.44, p=0.058).

Counter to the principles of the LNG, increased diversity of lot sizes (as measured by the number of
different lot size-bands present within the development) was associated with a decreased odds of

recreational walking for 60 minutes or more within the neighbourhood after adjustment for
preferences (OR 0.60, 95% CI 0.36-0.99, p≤0.05).

The interaction of the small residential lots with the configuration of the neighbourhood centres

also positively moderated the main effect of the centre configuration (i.e., main-street) on walking
for recreation.

Participants resident in developments with a main street centre and high

proportions of small residential lots were 1.9 times more likely to do any walking for recreation

compared with those in developments with low proportions of small residential lots and a boxconfigured centre (OR 1.94, 95%CI 1.39-2.70, p≤0.001).

Increased numbers of different dwelling types were also associated with decreased odds of walking
for 60 minutes or more per week within the neighbourhood after controlling for self-selection (OR

0.60, 95% CI 0.369-0.99, p≤0.05). However, similar to the findings for walking for transport, the

interaction of the centre configuration with the number of dwelling types positively moderated the
main effect of dwelling diversity on walking for recreation. Compared with having a low diversity

of dwelling types and a box-configured centres, participants in RESIDE developments with higher

housing diversities and main-street configured centres were 2.3 times more likely to do any
walking for recreation within the neighbourhood (OR 2.32, 95%CI 1.86-2.89, p≤0.001).
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Table 9.10

Odds ratios from the multivariate modelsa examining the lot layout requirements with
walking for recreation
Any walking for recreation

LNG Requirement
OR

95% CI

≥ 60 minutes of walking for
recreation per week
OR

95% CI

-

-

Net residential dwelling density
<16/ha1

1.00

≥16-<20/ha

1.55

0.99-2.44

-

-

≥20/ha

1.15

0.72-1.85

-

-

-

-

0.60

0.36-0.99

Lot Mix Score
(# different lot size-bands present)

a Adjusted for demographic variables (age, gender, marital status, education status, presence of children <18 years of age living at

home), stage of construction and scale of development and self-selection variables (as indicated below)
Three self-selection/neighbourhood preference variables remained in the model: Ease of walking; the streets have footpaths;
and closeness to a variety of parks

One self-selection/neighbourhood preference variable remained in the model: Closeness to a variety of parks


Public parkland requirements & walking for transport
The univariate models revealed a number of highly significant (p≤0.001) positive associations of
the public parkland requirements and transportation walking (Appendix 6). These were: having a
regional-sized park within 2.5km (any and ≥60 minutes of transport walking); the number of parks
with grassed open space (any transport walking); the number of parks with sports facilities (≥60

minutes of transport walking); access to local and large neighbourhood-sized parks within 200m

and 400m, respectively (≥60 minutes transport walking). There were no associations with any of
the surveillance measures and transport walking outcomes.

The multivariate results revealed mixed, positive and negative, associations with different
requirements of the public parkland element and the walking for transport and recreation

outcomes. Many of the public parkland requirements were measuring similar features. The odds

ratios presented for the remaining LNG public parkland requirements are adjusted for the other
variables in the same model. The results of the multivariate analyses for each of the walking for

transport outcome variables and public parkland requirements are shown in Table 9.11. Six LNG
requirements remained in the multivariate models associated with doing any walking for transport.

Five LNG requirements remained associated with undertaking 60 minutes or more of
transportation walking per week.

Participants were three times more likely to do any walking for transport when a regional-sized

park was accessible within 2.5km of their development after adjustment for self-selection (OR 3.34,
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95% CI 2.1-5.4). RESIDE participants with access to a regional park within 2.5 km were also over

twice as likely to do 60 minutes or more of weekly transportation walking (OR 2.4, 95% CI 1.5-3.9).

Increased numbers of small- and medium-sized parks were associated with similar increased odds

of doing any walking for transport within the neighbourhood after adjustment for self-selection

(OR 1.13, 95%CI 1.02-1.25, p≤0.05 and OR 1.17, 95%CI 1.06-1.28, p≤0.01, respectively). The
number of parks with grassed open space did not remain significantly predictive of walking

behaviour following adjustment for self-selection and perceptions. Every additional medium-sized

neighbourhood park provided within the development was however associated with around 10%
increased odds of walking for 60 minutes or more for transport per week after adjustment for selfselection and perceptions (OR 1.09, 95% CI1.05-1.13, p≤0.001).

After controlling for the presence of the other park types (i.e., sizes) and self-selection, having a
park of any size (other than a regional or medium park) accessible within 400m was associated

with significantly reduced odds of achieving 60 minutes or more of walking for transport within the

neighbourhood (OR 0.18, 95% CI 0.07-0.48, p≤0.01). Similarly, the number of (all-sized) parks

present within the development reduced the odds of walking for transport for 60 minutes or more
within the neighbourhood even when neighbourhood preferences were controlled for (Table 9.11).

Given previous findings elsewhere of the importance of both parks and pedestrian infrastructure

for recreational walking the cumulative effects of the LNG footpath and POS requirements was
examined. The interaction of the pedestrian infrastructure, as measured by the footpath to road
ratio, with the number of parks, however, positively moderated the main effect of the number of
parks on walking for transport: Compared with RESIDE participants living in developments with

low numbers of parks and low footpath to road ratios, participants in developments characterised

by high park numbers and high footpath to road ratios were three times more likely to do any
walking for transport within the neighbourhood (OR 3.3, 95%CI 2.1-5.4) and 2.3 times more likely
to do ≥60 minutes of walking for transport within the neighbourhood per week (95%CI 1.5-3.4).

Similar interaction effects were observed for the number of medium-sized neighbourhood parks

and the sidewalk to road ratios: participants in developments with high numbers of medium

neighbourhood parks and high sidewalk to road ratios were 1.5 times more likely to do any walking
for transport (OR 1.50, 95%CI 1.25-1.80, p≤0.001) and ≥60 minutes of walking for transport within

the neighbourhood per week (OR 1.51, 95%CI 1.08-2.21, p≤0.05).
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Odds ratios from the multivariate modelsa examining the public parkland requirements
with walking for transport

Table 9.11

Any walking for transport
LNG Requirement

≥ 60 minutes of walking for
transport per week

OR

95% CI

p value

OR

95% CI

p value

Presence of a medium-sized
neighbourhood park within 400m1

0.33

0.18-0.60

0.000

1.09

1.05-1.12

0.000

Presence of a regional park within 2.5km2

3.97

2.46-6.41

0.000

1.99

1.83-2.17

0.000

Number of small neighbourhood parks
within the development

1.13

1.02-1.25

0.019

-

-

-

Number of medium neighbourhood parks
within the development

1.17

1.06-1.28

0.002

-

-

-

Number of parks with play equipment3

0.93

0.86-1.02

0.112

-

-

-

Number of parks with grassed open
space3

1.05

0.98-1.12

0.148

-

-

-

Any (sized) park accessible within 400m1

-

-

-

0.15

0.0610.35

0.00

Number of parks within the development

-

-

-

0.98

0.97-0.99

0.017

Number of parks with sports surfaces,
marking or equipment3

-

-

-

1.26

1.18-1.34

0.000

a Adjusted for demographic variables (age, gender, marital status, education status, presence of children <18 years of age living at
home), stage of construction and scale of development and self-selection variables (as indicated below)

Five self-selection/neighbourhood preference variables remained in the model: Affordability; ease of walking; the streets are
designed to minimise traffic; the streets have footpaths; and closeness to a variety of parks

Two self-selection/neighbourhood preference variable remained in the model: Closeness to a variety of parks; and the streets
are designed to minimise traffic
1
Compared to having no medium-sized neighbourhood park accessible within an average distance of 400m from all residential
dwellings
2
Compared to having no regional-sized park accessible within an average distance of 2500m from all residential dwellings
3
Of the parks present within the RESIDE developments
4
Compared to having no large neighbourhood park accessible within an average distance of 400m from all residential
dwellings

Public parkland requirements & walking for recreation
The univariate models revealed a number of highly significant (p≤0.001) associations of the public

parkland requirements and recreational walking. The presence of any parks, of any size, within

400m was negatively associated with all walking for recreation outcomes. The presence of a local
park however was positively associated with recreational walking for 60 minutes or more per week

within the neighbourhood. At a more moderate level of significance (p≤0.01) the total number of

parks and the number of medium-sized parks within the developments was positively associated

with doing ≥60 minutes of recreational walking per week within the neighbourhood. The LNG
requires that between 8-10% of subdivisible land be allocated to POS. The parkland provision, in

terms of the proportion of the land area set aside for public open space, was not significantly
associated with any of the walking for recreation outcomes.
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The results of the multivariate analyses for each of the walking for recreation outcome variables

and public parkland requirements are shown in Table 9.12. Five LNG requirements remained in
the multivariate models associated with doing any walking for recreation. Three requirements
remained associated with undertaking 60 minutes or more of transportation walking per week.

Access to a regional-sized park within 2.5km of the development was significantly associated with

an increased odds of doing any walking for recreation within the neighbourhood after adjustment

for self-selection (OR 1.63, 95% CI, 1.40-1.91, p≤0.001) and of doing 60 minutes or more per week

of recreational walking within the neighbourhood (OR 1.82, 95% CI 1.20-2.75, p≤0.01).

The number of medium-sized parks provided within the developments remained positively

associated with both recreational walking outcomes after adjustment for self-selection. However,

the mere presence of any-sized park accessible within 400m (other than one of the medium and
regional types already captured by other variables in the model) reduced the odds of doing any

walking for recreation (OR 0.31, 95%CI 0.16-0.62, p≤0.001) and 60 minutes of walking for
recreation per week (OR 0.31, 95%CI 0.14-0.70, p≤0.01). These results suggest that parks need to

be larger to induce walking.

Increased numbers of parks with areas of grassed open space, in addition to the parks included in
the final multivariate model, was associated with decreased odds of doing any walking for

recreation within the neighbourhood after adjustment for self-selection (OR 0.88, 95%CI 0.81-0.95,

p≤).

The interaction of measures reflecting the levels of pedestrian infrastructure within the
developments and the access to a regional- and medium neighbourhood-sized park positively

moderated the main effect of park access on the recreational walking outcomes. These results
highlight the importance of the pedestrian infrastructure as well as the public open spaces for
recreational walking.

Participants resident in developments with high paths lengths and access to a regional sized park

(within 2.5km) were 3.5 times more likely to do any walking for recreation (OR 3.50, 95%CI 1.717.15, p≤0.001) and 4.8 times more likely to do 60 minutes of walking for recreation within the

neighbourhood per week (OR 4.80, 95%CI 2.33-9.89, p≤0.001), compared with those in
developments with low footpath lengths and no regional-sized park accessible. Similar results

were observed when the footpath to road ratios measures was interacted with the regional-park

access: RESIDE participants resident in developments with high footpath to road ratios and access
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to a regional sized park (within 2.5km) were 1.7 times more likely to do any walking for recreation

(OR 1.71, 95%CI 1.12-2.60, p≤0.05) and twice as likely to do 60 minutes of walking for recreation
within the neighbourhood per week (OR 2.04, 95%CI 1.38-3.02, p≤0.001), compared with those in

developments with low footpath to road ratios and no regional-sized park accessible. Moreover,

where participants had high footpath to road ratios but no regional-sized park accessible within

2.5km they were half as likely to do any walking for recreation (OR 0.5, 95%CI 0.3-0.9) and 60
minutes or more of walking for recreation within the neighbourhood per week (OR=0.4, 95% 0.20.6).

RESIDE participants resident in developments with high paths lengths and access to a medium-

sized neighbourhood park (within 400m) were nearly two times more likely to do any walking for

recreation (OR 1.96, 95%CI 1.33-2.91, p≤0.001) and 1.7 times more likely to do 60 minutes of

walking for recreation within the neighbourhood per week (OR 1.66, 95%CI 1.16-2.39, p≤0.005),

compared with those in developments with low footpath lengths and no medium-sized
neighbourhood park accessible. Similar results were again observed when the footpath to road

ratios measures was interacted with the access to medium-sized neighbourhood parks: Participants

resident in developments with high footpath to road ratios and access to a medium-sized
neighbourhood park (within 400m) were 1.6 times more likely to do any walking for recreation

(OR 1.59, 95%CI 1.08-2.34, p≤0.05) and 1.7 times more likely to do 60 minutes of walking for

transport within the neighbourhood per week (OR 1.71, 95%CI 1.13-2.56, p≤0.01), compared with

those in developments with low footpath to road ratios and no regional-sized park accessible.

District parks (2.5-4ha) were the largest park sizes included under LNG. Around one-third of all

residential dwellings within the 36 developments were within the required distance to a regional

sized park (i.e., 600m-1km), however, no associations were observed between access to district-

sized parks and walking for recreation. However, the interaction of access to a district park (within
1km) with high footpaths lengths was also associated with increased odds of doing some walking
for recreation (OR 1.97, 95%CI 1.0-3.9, p≤0.05).

The interaction of the pedestrian infrastructure, as measured by the footpath to road ratios within

the development again positively moderated the main effect of the number of parks on walking for

recreation: Participants living in developments with high numbers of parks and high footpath to
road ratios were 2.3 times more likely to do any walking for recreation within the neighbourhood

(OR 2.26, 95%CI 1.92-2.60, p≤0.001) and 2.5 times more likely to do ≥60 minutes of walking for
recreation within the neighbourhood per week (OR 2.47, 95%CI 1.86-3.27, p≤0.001).
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Table 9.12

Odds ratios from the multivariate modelsa examining the public parkland requirements
with walking for recreation
Any walking for recreation

≥ 60 minutes of walking for
recreation per week

OR

95% CI

p value

OR

95% CI

p value

Any (sized) park accessible within 400m1

0.31

0.16-0.62

0.001

0.31

0.14-0.70

0.005

Presence of a regional park within 2.5km2

1.63

1.40-1.91

0.000

1.82

1.20-2.75

0.005

Number of parks within the development

1.08

1.03-1.13

0.001

-

-

-

Number of medium-sized neighbourhood
parks within the development

1.09

1.06-1.13

0.000

1.08

1.03-1.11

0.001

Number of parks with grassed open
space3

0.88

0.81-0.95

0.002

-

-

-

LNG Requirement

a Adjusted for demographic variables (age, gender, marital status, education status, presence of children <18 years of age living at
home), stage of construction and scale of development

Two self-selection/neighbourhood preference variables remained in the model: closeness to a variety of parks; and the
streets are designed to minimise traffic.

One self-selection/neighbourhood preference variable remained in the model: Closeness to a variety of parks.
1
Compared to having no park accessible within an average distance of 400m from all residential dwellings.
2
Compared to having no regional-sized park accessible within an average distance of 2500m from all residential dwellings.
3
Of the parks present within the RESIDE developments.
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9.3.4

Development clusters and walking

The cluster analysis of implemented LNG requirements was used to identify four different types of

developments. This was the best cluster solution based on examination of the computed estimates
of variance, to ensure that within-cluster variation was minimised and the between-cluster

variation maximised. Results from the one-way ANOVA and Tukey’s post-hoc tests revealed the

defining characteristics that differentiated the four clusters from one another. Table 9.13 compares
the average (mean) levels of compliance on each of the four elements across the four clusters of

development types. Table 9.14 presents the distinguishing characteristics (i.e., LNG requirements)
of the four clusters of development types. There were clear differences across the cluster groups in

terms the levels of compliance with the four different elements and the specific requirements from

the different elements that had been implemented or better implemented, compared with one
another.

 Cluster : high community design + high movement network: comprised three
developments and was characterised by highest levels of community design compliance with
the best public transport routes and services to the developments and the highest destinations

diversity scores of neighbourhood centres present or within 400m of the RESIDE
developments. The developments in this cluster also had the highest number of parks present.

 Cluster : high public parkland + high movement network: comprised five developments

and was characterised by highest levels of compliance with the public parkland element and
the lowest levels of compliance with the community design element. Specifically, it had the
best accessibility to any sized park and regional-sized public open space, measured by both

shortest average distances and greatest proportions of residential dwellings with the LNG
400m and 2.5km (respectively) of these.

 Cluster : low community design + low movement network + low public parkland:
comprised five developments and performed poorly across all LNG elements.

It was

characterised by having the worst accessibility (measured by furthest distances) to
neighbourhood or town centres and areas of public open space of all the cluster groups.

 Cluster : high movement network + high lot layout: comprised 23 developments and

had the best levels of compliance with the movement network and lot layout elements. It
performed best in terms of implementation and compliance with LNG on the majority of
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movement network requirements and had the highest levels of residential density and
provision of small lots.

Table 9.13

LNG percentage compliance scores by cluster groups
Percentage Compliance
Cluster 

Cluster 

Cluster 

Cluster 

p-value

Community Design

57.0

29.3

36.5

34.8

0.000

Movement Network

44.8

39.4

44.9

48.7

0.000

Lot Layout

38.2

46.3

24.9

52.4

0.000

Public Parkland

49.8

50.1

43.9

52.8

0.000

Bolded numbers indicate the cluster with the highest percentage compliance scores for each element
Community Design: Significant differences were present between all clusters except for clusters  vs. ; and  vs. ;
Movement Network: Significant differences were only present between clusters  vs. ;
Lot Layout: Significant differences were present between all clusters;
Public Parkland: Significant differences were present between all clusters except for clusters  vs. .

There were no significant differences between cluster groupings for any of the socio-demographic

variables. The results of the cluster analyses for each of the walking for transport and walking for
recreation outcome variables are shown in Tables 9.15 and 9.16, respectively.
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Highest gross residential dwelling densities*
Highest net residential dwelling densities*
Highest net residential lot densities*
Highest net residential density within bus stop 400m service areas*
Smallest (mean) lot sizes*
Highest percentages of small lots
Lowest proportion of residential land area occupied by detached dwellings
Greatest diversity of housing types present (number of different house types)

Lot Layout

Greatest number of bus routes running through development*
Greatest number of bus services to/from the development*
Shortest average distance to the nearest primary school*
Highset destination diversity score (1 & 2) of centres within developments
Highset destination diversity score (1 & 2) of centres within 400
Furthest (mean) distance to the nearest neighbourhood centre
Lowest proportion of residential dwellings within 400m of a centre
Shortest (mean) distance to the nearest bus stop*
Lowest number of bus services to/from the development*

Community Design
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Movement Network

Highest numbers of parks within the development
Highest provision of POS (i.e., highest % land areas)
Shortest (mean) distance to the nearest park (any size)*
Shortest (mean) distance to the nearest regional-sized park*
Greatest proportion of residential dwellings within 400m of a park*
Greatest proportion of residential dwellings within 400m of a regional park*
Furthest distance to the nearest park (any size)*
Furthest distance to the nearest regional-sized park*
Lowest proportion of residential dwellings within 400m of a park*
Lowest proportion of residential dwellings within 2.5km of a regional park*

Public Parkland

Highest connected node ratio*
Shortest (mean) block perimeters*
Highest walkable block ratio*
Lowest dead-end street percentages*
Shortest (mean) cul-de-sac length*
Highest cul-de-sac length ratios (i.e., % ≤120m)*
Lowest (mean) numbers of residential lots per cul-de-sac*
Highest cul-de-sac lot ratios (% ≤20 lots)*
Lowest overall provision of residential dwellings on cul-de-sacs*
Highest provision of footpaths*
Highest sidewalk to road ratios*
Greatest tree provision (number of trees per footpath km)*
Greatest number of external access points per perimeter km*
Highest dead-end street percentages*
Longest (mean) cul-de-sac length*
Highest overall provision of residential dwellings on cul-de-sacs*
Shortest provision of footpaths*

Distinguishing characteristics (i.e., LNG requirements) of the four clusters of development types

* ANOVA results revealed significant differences (p<0.05) between cluster groups
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Development clusters and walking for transport
Whilst failing to reach statistical significance, participants resident in developments characterised

by high levels of compliance with the community design element (i.e., cluster ) were 1.7 times

more likely to do any walking for transport within the neighbourhood after adjustment for selfselection (OR 1.72, 95%CI 0.9-3.3, p=0.095) compared with those living in developments with

similar levels of movement network compliance but significantly lower levels of community design
compliance (cluster ).

Whilst there were no significant differences between clusters  and  in terms of their movement

network compliance scores, the post hoc results revealed that the developments in cluster 

significantly outperformed those in cluster  on a four movement network requirements (higher

walkable blocks ratio; lower dead-end street percentages; lower proportions of residential lots on
cul-de-sacs; greater provision of footpaths). Cluster  did had significantly greater tree canopy

coverage of footpaths compared with cluster . Compliance with the lot layout element was

significantly higher in cluster  developments compared with those in cluster . However, in

terms of implementation of the specific lot layout requirements, cluster  had significantly smaller

mean lot sizes which translated to higher gross and net residential densities (although these were
non-significant). However, the cluster  developments had the highest destination diversity

scores of neighbourhood and town centres present within the RESIDE developments and those

accessible within 400m. Post hoc tests revealed that the destination diversity scores of cluster 
were significantly higher than those in cluster .

These results suggest that whilst compliance with the movement network and lot layout elements

is important, and compliance with the community design element is also important to ensure that

residents have a diversity of utilitarian destinations to walk to and thereby supporting walking for
transport within the neighbourhood. In other words, cluster  performed better on the movement
network and lot layouts but the ‘missing element’ to support walking was the community design.
Additionally, the defining characteristics (i.e., LNG requirements) of cluster  are consistent with

the findings from the multivariate analyses, indicating that access to and the destination diversities
of centres are important community design requirements for encouraging walking for transport

behaviour in the neighbourhood. The specific requirements present in the developments in cluster

 indicate the combinations of LNG requirements that are important for encouraging walking for
transport (Table 9.15). Nevertheless, although the results were in the right direction they did not
reach statistical significance. This is because there was a limited number of developments and
therefore insufficient power to detect statistically significant results.
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Table 9.15

Odds ratios for cluster development types and walking for transport
Model 2

Model 1
LNG Requirement

Adjusted for demographic variables,
stage and scale of development
OR

95% CI

p value

Adjusted for demographic variables,
stage and scale of development + selfselection
OR

95% CI

p value

Any walking for transport
Cluster 
MN + LL

1.00

Cluster 
CD + MN + LL + PP

0.63

0.3-1.23

0.177

0.65

0.3-1.1

0.209

Cluster 
PP + MN

0.94

0.4-2.3

0.895

0.93

0.4-2.3

0.883

Cluster 
CD + MN

1.50

0.8-2.7

0.194

1.72

0.9-3.3

0.095

1.00

≥ 60 minutes of walking for transport per week
Cluster 
MN + LL

1.00

Cluster 
CD + MN + LL + PP

0.81

0.3-2.0

0.652

0.78

0.34-1.8

0.556

Cluster 
PP + MN

0.65

0.3-1.4

0.264

0.65

0.30-1.4

0.265

Cluster 
CD + MN

1.42

0.8-2.6

0.244

1.54

0.83-2.9

0.170

1.00

Development clusters and walking for recreation
The associations between cluster derived developments and walking for recreation outcomes were
more varied (Table 9.16). Compared with living in predominantly movement network and lot
layout compliant developments (cluster ), participants resident in developments characterised

by significantly higher levels of compliance with the public parkland element (i.e., cluster ) were

twice as likely to do any walking for recreation within the neighbourhood (OR 2.0, 95%CI 1.3-3.3,

p≤0.01). Participants resident in cluster  were also 1.6 times more likely to do doing ≥60 minutes
of walking for recreation within the neighbourhood compared with those in the movement network
compliance cluster  after adjustment for self-selection (OR 1.6, 95%CI 1.1-2.5, p≤0.05).

There were no differences in the external connectivity in terms of the numbers of access points

along the development perimeter between clusters  and . However, cluster  developments
had the best accessibility to parks and, notably, regional-sized public open space, measured by both
shortest average distances and greatest proportions of residential dwellings with 400m and 2.5km,
respectively, of these. Cluster  also had the least numbers of small neighbourhood parks.
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Compared with participants in cluster  developments, those in clusters  and  were

significantly less likely to do any walking for recreation (OR 0.57, 95%CI 04-08, p≤0.005) and

≥60minutes of walking for recreation per week (OR 0.55, 95%CI 0.3-0.7, p≤0.001) within the

neighbourhood after adjustment for self-selection. Clusters  and  had lower public parkland

and movement network compliance scores compared with the cluster  developments. They were

also characterised by having poorer accessibility to parks and regional-sized open spaces, in terms
of average distances and the proportions of residential dwellings within 400m and 2.5 km of these,
respectively, compared with cluster  developments.

These results suggest that both the

movement network and public parkland elements are important for supporting recreational
walking within the neighbourhood.

These results are also consistent with the findings from the multivariate analysis suggesting that
the medium to larger sized parks included in the public parkland element may be more beneficial
for encouraging or supporting recreational walking behaviours.
Table 9.16

Odds ratios for cluster development types and walking for recreation

LNG Requirement

Model 1

Model 2

Adjusted for demographic
variables, stage and scale of
development

Adjusted for demographic
variables, stage and scale of
development + self-selection

OR

OR

95% CI

p value

95% CI

p value

Any walking for recreation
Cluster 
MN + LL

1.00

Cluster 
CD + MN + LL + PP

0.55

0.4-0.8

0.000

0.57

0.4-0.8

0.002

Cluster 
PP + MN

1.62

1.1-2.5

0.026

2.03

1.3-3.3

0.004

Cluster 
CD + MN

0.52

0.4-0.8

0.000

0.55

0.4-0.8

0.001

1.00

≥ 60 minutes of walking for recreation per week
Cluster 
MN + LL

1.00

Cluster 
CD + MN + LL + PP

0.48

0.340.7

0.000

0.49

0.4-0.7

0.000

Cluster 
PP + MN

1.44

0.9-2.1

0.064

1.64

1.1-2.5

0.022

Cluster 
CD + MN

0.44

0.3-0.6

0.000

0.47

0.4-0.6

0.000

1.00
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9.4

Discussion

Despite the disjointed nature of implementation of the different LNG requirements and a lack of full

compliance with the LNG as intended, positive impacts were observed for both transport and
recreation walking behaviours of the RESIDE participants.

There was a dose-response relationship between overall levels of policy compliance as well as the

community design, movement networks and lot layout elements with walking behaviours.
Additionally, when the percentage compliance scores of all LNG elements were entered into the

same multivariate model, compliance with the community design remained the only element to be
significantly and positively associated with walking for transport, while the positive associations

with the compliance of the movement network and lot layout elements were attenuated. The
results of the cluster analysis reinforced these findings. Compliance with the movement network

and lot layout elements was important. However, above and beyond this, the added combination of
requirements from, and compliance with, the community design element was also important. This

ensured that residents had a diversity of utilitarian destinations to walk to, thereby supporting

walking for transport within the neighbourhood.

A number of LNG features accounting for the most variance in the walking outcome variables were
also identified across the four elements. Interaction terms also helped to identify combinations of

different LNG requirements that were positively associated with walking outcomes. These results

persisted after controlling for self-selection.

This suggested that regardless of participants

preferences for ‘walkable’ features, compliance with the LNG element and implementation of
specific LNG requirements (i.e., design features) may encourage walking within the neighbourhood.

The findings of the cluster analysis again reinforced these findings. Requirements identified via the
multivariate analysis were also detected as important defining characteristics in the clustering of
evaluated developments with homogenous LNG requirements.

This chapter discusses the findings from the three outcome evaluation analyses with respect to

walking levels of the RESIDE participants within their neighbourhoods by the four elements. The

findings are also discussed in relation to the principles and intended outcomes of the LNG and the
existing evidence.
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9.4.1

Community Design

The community design element sets out the overall intent of Liveable Neighbourhoods Guidelines
(LNG) with respect to how neighbourhoods should be structured and the mixing of land uses and

facilitation of employment opportunities. The process evaluation revealed some gaps between its

principles and on-ground practice within the evaluated developments.

Despite this limited

application and implementation, the outcome evaluation revealed that 10% increments in

compliance with this element significantly increased the odds of doing any walking and 60 minutes
or more of weekly transportation walking within the neighbourhood. Additionally, when the

percentage compliance scores of all LNG elements were entered into the same multivariate model,

compliance with this element was the only element to be significantly and positively associated

with walking for transport. The results of the cluster analysis further reinforced the importance of

the community design element and the presence of neighbourhood centres with a diversity of
destinations for encouraging transportation walking within the neighbourhood.

Neighbourhood centres, destinations and walking
A key intent of the community design element was to ensure that suburban developments provide

for the diverse daily needs of its community through the development of walkable (i.e. proximal)
neighbourhood centres, with a concentration of destinations that attract people for a variety of

activities and for daily living (Western Australian Planning Commission 2000). The provision of
these centres also ensures that it provides people the option to live in new areas without the need

for a car. This underpins the foundations of the community design, and wider LNG policy, for
creating walkable, liveable and sustainable communities – not just “housing” or “dormitory”
developments.

These principles are consistent with a large body of cross-sectional evidence indicating that land
use mixes and the distance to destinations (i.e., within close proximity) are associated with greater

amounts of walking (Transportation Research Board Institute of Medicine 2005; McCormack, GilesCorti & Bulsara 2008; Sugiyama, Neuhaus, Cole et al. 2012; Saelens & Handy 2008; Saelens, Sallis &

Frank 2003; Lee & Moudon 2006; Owen, Humpel, Leslie et al. 2004; McCormack, Giles-Corti, Lange

et al. 2004; Humpel, Owen & Leslie 2002; King, Brach, Belle et al. 2003; Sallis, Floyd, Rodriguez et al.
2012).

McCormack and colleagues (2008) previously examined the association between the

proximity to, and mix of, neighbourhood destinations and walking behaviours in Perth, Western

Australia. They found that access to post boxes, bus stops, convenience stores, newsagencies,

shopping malls and transit stations within 400m; and schools, transit stations, newsagencies,

convenience stores and shopping malls within 1500m were associated with participation in regular
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transport walking. For each additional destination present within 400m and 1500m, transport

walking increased by 12 and 11 minutes a fortnight respectively (McCormack, Giles-Corti & Bulsara
2008). Similarly, McConville et al (2011) found increased likelihoods of achieving 150 minutes or

more of walking per week with every additional destination located within 800m of home.

Frequently visited destinations such as transport stops, grocery stores, banks and restaurants were
found to be associated with increased transportation walking.

The importance of destinations for transport-related walking has also been observed in other New
Urbanist neighbourhoods. Lund and colleagues (2003) conducted an evaluation of New Urbanist
developments and found that having shops within walking distances was associated with higher

rates of destination walking trips, versus ‘strolling’ or recreational walking trips. More recently,
longitudinal evidence from the RESIDE project further supports these cross-sectional findings that
both the presence and mix of local destinations are needed to encourage walking outcomes and
give extra weight to the findings of the LNG evaluation. Giles-Corti et al (In Press) provided

evidence of a dose-response relationship between transport walking and access to a mix of local

neighbourhood destinations.

For every additional transport-related destination type (within

1600m) that participants gained after relocating to a new neighbourhood, transport-related

walking within the neighbourhood increased by 5.8 mean minutes per week (p=0.045) (after

adjustment for socio-demographic a and self-selection variables).
Access to neighbourhood centres

Consistent with the principles of LNG and existing evidence, having a neighbourhood or town

centre within an average distance of 800m was important for encouraging (any) walking for
transport within the neighbourhood (OR 1.63, 95% CI 1.08-2.42). The presence of a centre within
800m, rather than 400m as stipulated under LNG, was entered into the multivariate models to

examine associations with walking, because just 8.4% of all residential dwellings (n=31,102) across
the 36 evaluated developments had access to a neighbourhood or town centre within 400m.

However, this can still be considered a ‘walkable’ distance given others have found associations of
transport-related walking with destinations at 1500m (McCormack, Giles-Corti & Bulsara 2008)

and 1600m (Giles-Corti, Bull, Knuiman et al. In Press). Similarly, this study also found that access
to a centre within 1600m remained highly significantly associated with increased odds of doing any

walking for transport (OR 6.0, 95%CI 2.2-16.4, p≤0.001). Access to a centre within this distance
was also associated with doing 60 minutes or more of weekly walking for transport within the
neighbourhood (OR 4.3, 95%CI 2.4-7.6, p≤0.001).
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These results may be important in light of the concerns expressed by developers and planners with

respect to the LNGs’ structuring of 400m walkable catchment areas. Chapter 8 revealed that many
considered this distance to be too small to allow for viable neighbourhood centres within suburban

contexts. This may offer some explanation for the low levels of accessibility to centres within

400m. A greater proportion of residences (22.7%) had a centre accessible within 800m. However,

only at a distance of 1600m was the LNG standard of having ≥60% of residential dwellings within
walking distance of a neighbourhood centre met (63.8%). Potential amendments to the required
walkable catchment distances (i.e., to make them bigger) may create greater incentive for

developers to provide centres. They may be more inclined to install centres with larger catchment
areas at say 800m or 1600m - both of which are still considered to be walkable distances and were

positively associated with transportation walking within the neighbourhood.

Furthermore, the piecemeal nature of development practices and project level applications of the

LNG produces neighbourhoods that are too small to warrant installation of centres. This results in
many adjoining residential subdivisions with no utilitarian destinations within 400m walking
distance. The lack of co-ordination in planning new and adjacent developments suggests the needs
of residents will not necessarily be met locally as development unfolds.
Destination diversity of centres
The LNG code provides little prescriptive detail about the exact type of retail that should be
provided in neighbourhood centres, other than “a small retail store”. However, the diversification

of destinations away from predominantly retail-focused single-use centres is a major objective of

LNG to create hubs of destinations with sufficient diversity to be useful walkable nodes and

destinations required for residents’ daily needs. According to travel theory highlighted by Handy
(Handy & Clifton 2001), this is important because the use of local shops is dependent not only on

travel distance but whether the shops are the type required and desired by local residents. Others
have previously noted that the nature or type and mix of destinations may be more important to

explain transport-related walking rather than the mere presence of commercial or retail land uses
(Giles-Corti, Timperio, Bull et al. 2005; Sallis, Frank, Saelens et al. 2004).

Consistent with the LNG principle and existing literature, greater diversity of destinations within

the centres was important for all transport walking outcomes. The findings from the cluster

analysis also offered additional support for the diversification of neighbourhood centres to
generate transportation walking. Areas with a greater mix of complementary land uses that allow

for different daily needs (i.e., live, work, play) are more conducive to utilitarian walking (Frank,
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Sallis, Conway et al. 2006; Cervero & Kockelman 1997), a view supported by the findings of this
study.

Centre configuration
McConville (2011) notes that previous measures and classification of ‘retail’ land use incorporate

shops in different configurations (such as strip malls, urban shops and big box malls and stores)

which may have widely varying influences on pedestrian activity. Conventional shopping centres

tend to cater generously for the car and not for alternative modes such as walking and cycling. The
results from this evaluation indicated that the configuration of the centre within walking distance
was indeed important for encouraging transportation walking within the neighbourhood.

Importantly, this study found that compared with having no centre, box-configured centres
decreased the odds of walking for transport within the neighbourhood. In contrast, if the centre

was configured in a main-street format, participants were 1.7 times more likely to do any walking
for transport within the neighbourhood.
infrastructure was also considered.

These odds increased further when pedestrian

Previous studies support the notion that destinations

dominated by large car parks as found in box-formatted shopping centres may encourage drivers

rather than walkers; Cervero and Kockelman (1997) found that neighbourhoods with limited on-

street parking in commercial areas, and thus a greater pedestrian emphasis, had less singleoccupant car travel for non-work purposes. Similarly, Pikora et al (2006) found that respondents

living in neighbourhoods with higher scores for parking facilities at destinations had a lower odds
ratio of walking for transport.

A recent ‘Good for Business’ report by the Australian Heart

Foundation (Tolley 2011) also concluded that creating town centres in more attractive, pedestrian

orientated main-street formats significantly increases pedestrian activity and is important in

helping to create a modal shift from the car to walking trips. This increased pedestrian traffic is not

only beneficial for encouraging physical activity but also delivers social and economic benefits to
the neighbourhood.

Somewhat unexpectedly this study found that the configuration of the neighbourhood centre was
also associated with walking for recreation. Areas with utilitarian destinations have previously

been shown to attract recreational walkers (Sugiyama, Neuhaus, Cole et al. 2012) and an increase in
perceived proximity to shops and services was also a predictor of increased walking for

recreational purposes following relocation in the longitudinal RESIDE analyses (Giles-Corti, Ryan &

Foster 2012). Handy (2007) suggests that whilst the primary motive for recreational walking is the
act of walking itself (i.e., for exercise), individuals may still set out with a particular destination in

mind. However work by Moudon and colleagues (2006) suggests that whilst destinations such as
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supermarkets or convenience stores are usually associated with necessary spending and utilitarian

trip purposes, the presence of a diverse mix of destinations associated with discretionary spending

(such as cafes, restaurants and retail) and community or civic uses and spaces, located in

pedestrian-orientated main street centres, may provide both destinations and an interesting route
for recreational walking (Sugiyama, Neuhaus, Cole et al. 2012).

Neighbourhood centres and movement networks features
The proximity of neighbourhood centres or other destinations is also determined by how

connected the street networks are en route to the destination (Transportation Research Board

Institute of Medicine 2005). The presence of well-maintained footpath networks that provide
continuous routes throughout the neighbourhood has previously been shown to be associated with
walking or being physically active (Pikora, Giles-Corti, Knuiman et al. 2006; Hess, Moudon, Snyder

et al. 1999; Duncan & Mummery 2005). In this study the synergistic effects of the movement
network combined with access to the neighbourhood centres were also important for transport-

related walking behaviours. The interaction of both lower dead end street percentages (reflective
of shorter culs-de-sac and more direct routes) and higher levels of pedestrian infrastructure (i.e.,

sidewalk to road ratios) positively moderated the main effect of the access to a neighbourhood or

town centre within 800m on the walking for transport outcomes. Higher block densities also
positively moderated the main effect of destination diversity on walking for transport. Higher
block densities are likely to reflect better levels of connectivity and a more compact and denser

development or neighbourhood environment, which decreases the walking distances to the
neighbourhood centres.

Neighbourhood centres configured as main-streets, rather than box-style centres, encouraged more

walking regardless of the level of pedestrian movement networks provided. Nevertheless, when

pedestrian infrastructure was also present, in addition to having a main-street centre, the
likelihood of walking for transport increased even further, with participants 1.8 times more likely

to do any walking for transport and 2.4 times more likely to do ≥60 minutes if weekly walking

within the neighbourhood. Moreover, the interactions with the pedestrian movement networks,

measured by both the footpath lengths and sidewalk to road ratios, positively moderated the main

effects of centre accessibility on both walking for transport and recreation within the

neighbourhood. These results highlight the importance of providing pedestrian infrastructure on
the routes to and from the neighbourhood centres. However, where sidewalk provisions were high

but the neighbourhood centre was configured in a box-format, participants were less likely to walk

for recreation within the neighbourhood – reinforcing further the importance of main-street

configured centres.
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Community design as an attractor for utilitarian walking
Observations from the Planning Group’s (The Planning Group WA 2003) review of development

proposals submitted for assessment under LNG concluded that the subdivisions were often too
small to create a strong neighbourhood structure. Instead, public open spaces were included as

central neighbourhood features. This may account for the presence of large numbers of evaluated

developments with parks but relatively few with other community design features. Many of the

evaluated developments were smaller subdivisions and therefore not required under LNG to
provide neighbourhood centres. All but three of the subdivision-scaled developments did however
have parks. These findings are supported by the work of Giles-Corti et al (In Press) on the full

RESIDE population. They found that whilst only 11% of the participants gained access to local
transport-related destinations after relocating to their new development, 99% gained access to at

least one type of POS.

A study by Mouden and colleagues (2006) found that whilst parks and areas of open space were

important for physical activity, they were not important as anchor points in walkable
neighbourhoods. Rather, attractor destinations for walkable neighbourhoods are centred on daily
retail and food-related activities associated with necessary rather than discretionary spending
(Moudon, Lee, Cheadle et al. 2006). Handy found that walking for transport (i.e., utilitarian trips)

was the source of differences in walking trips between high and low walkable neighbourhoods

(Handy 2007). Similarly, Rodriguez found that residents of New Urbanist neighbourhoods were
more likely to be physically active in their neighbourhood than residents of conventional suburbs

(Rodriguez, Khattak & Evenson 2006). This difference was again attributed to the higher levels of
walking for utilitarian purposes, as distinct from walking for leisure or recreation. Other studies

have also found that public open space may serve as a significant focal point or destination for

leisure-related or recreational walking but less so for transport-related walking trips (McCormack,
Rock, Toohey et al. 2010).

The results of this study partly support this notion. Levels of community design compliance,

focussed on providing utilitarian destinations, were associated with increased odds of walking for
transport but not for recreation. Additionally, when the percentage compliance scores of all LNG

elements were entered into the same multivariate model, compliance with the community design
remained the only element to be significantly and positively associated with walking for transport.

Cluster-derived developments with the highest levels of community design compliance were also

associated with increased odds of transportation but not recreation walking. Similarly, despite the

importance of pedestrian networks for supporting walking behaviours, participants were also less
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likely to do ≥60 minutes of walking for transport within the neighbourhood when they did not have
access to a centre within 800m, despite having high footpath provisions. These results indicate that

implementation of the community design requirements is important, above and beyond that of the
other elements, to ensure that residents have a diversity of utilitarian destinations to walk to and

thereby support walking for transport within the neighbourhood. However, compliance with the
public parkland element was not associated with walking for transport. This element allowed for
the provision of small pocket parks. The provision of parks and public open spaces on their own
are insufficient attracters for utilitarian walking.

The LNG offers incentives to developers for public open space provisions. However, there is no
comparable strategy offered to encourage early establishment and provision of neighbourhood and
town centres (i.e., local businesses) (Giles-Corti, Bull, Knuiman et al. In Press) with which to anchor
the development and provide a walkable node or destination.

Also, these take time to be

established. Thus, whilst the principle is correct, the on-ground practice has resulted in ‘liveable
neighbourhood’ developments with poor access to neighbourhood centres and destinations that

are required for daily living and which encourage transport-related walking. Additionally, the lack

of accessibility to centres within 400m is indicative of the wider problem of piecemeal

conventionally designed, residential dominant, suburban development across Perth. This lack of

accessibility to centres limits the opportunities for ‘local’ utilitarian walking trips.

The community design element also recognises the importance of localised employment
opportunities, indicating that land use allocation should provide for jobs at a desirable rate of 1.4

jobs per household. However, whilst a number of the RESIDE developments were beginning to

provide non-residential land uses in the form of destinations for daily living, there were limited

employment opportunities within the developments or their immediate surrounding areas. There
remains considerable spatial separation between residential areas and locations of employment
(Infrastructure Australia Major Cities Unit 2010).

Cerin et al (2007) found that individuals’

proximity to their workplace was the most significant contributor to transport-related walking.

Similarly, Ewing and Cervero (2010) found that the jobs-housing balance and linking where people
live and work, is a stronger predictor of walk mode choice and active commuting than land use mix

measures per se. Thus, the lack of employment opportunities within the suburban areas of the

evaluated developments limits the possibility and likelihood of undertaking active travel modes to
work and may also limit the transportation-related walking trips undertaken by RESIDE
participants.
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Public transport
Proximity to public bus and rail stops have also been positively associated with active

transportation and walking (Sallis, Bowles, Bauman et al. 2009; Vernez Moudon, Lee, Cheadle et al.
2007).

As most public transport trips begin or end with walking it provides important

opportunities for walking to or from the stop. Indeed, a study conducted by Besser in the US found
that 29% of the public transport walkers achieved ≥30 minutes of daily physical activity solely by

walking to and from public transport (Besser & Dannenberg 2005). Another US study by Wener
and Evans (2007) compared pedometer steps of train and car commuters and found that train

commuters walked an average 30% more steps/day and were four times more likely to accumulate
10,000 steps/day than car commuters. Similarly, Villanueva and colleagues (2008) studied 103
undergraduate students in Perth, WA, and found that compared with private motor vehicle users,

public transport users performed more daily pedometer steps; had higher average daily minutes of
self-reported leisure-time physical activity; and were more likely to achieve 10,000 steps/day.

The LNG requires good access to public transport, measured by low average distances to bus stops.

The evaluated developments performed quite well in terms of the provisions of and access to bus

stops. However, participants’ dominant mode of transport to work was still private automobiles.
Only 8.3% of RESIDE participants used public transport as their usual mode of transport to work,
strongly suggesting that the residents of these suburban developments remain car-dependent.

New developments need to be well integrated with regional public transport route. Previous work

by Falconer (2010; 2008) assessed the viability of substituting public transport for car driver trips
for the journey to work of residents living in the developments selected for the RESIDE project. He

found that few RESIDE residents had a viable public transport option, with an average added time
burden of around 40 minutes (one-way) if public transport were to be used for the journey to work

(compared with driving). In relative terms this equates to taking about three times longer to get to
work using public transport compared with driving.

Using data from the Puget Sound Travel Survey, Frank and Pivo (1994) suggest that population
densities need to exceed approximately 13 persons per acre (approximately seven to nine
dwellings per gross acre) before a significant modal shift occurs from car use to public transport
use and walking for shopping trips. They also found that population density had a more significant

effect on mode choice when measured at the trip origin rather than destination. This supports the

notion of an adequate critical mass or potential ridership required to support a high quality bus
transport service. Similarly, in Australia, Newman and Kenworthy (2006) estimate that urban
intensity (i.e., people and employment) of at least 35 persons per hectare is the minimum required

to provide high-quality public transport. Thirty-three of the 36 evaluated developments met the
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LNG net density requirement of 15 dwellings per hectare within 400m of a bus stop. Taking the
average housing occupancy rates of 2.5 persons per dwelling (Infrastructure Australia Major Cities

Unit 2010), this might equate to (sub)urban intensities of around 37.5 persons per hectare. This

would meet Newman and Kenworthy’s standards and suggests that the evaluated developments

were beginning to provide sufficient densities (as required under LNG) to support high-quality bus

public transport services. However, many of the developments were located on the urban fringe

and serviced by indirect and disjointed public transport networks. Moreover, these developments

did not meet the jobs density standard suggested by Newman and Kenworthy (2006).
Furthermore, the distances required to be travelled to work make public transport an unattractive

alternative to driving.

Whilst not an explicit outcome variable in this evaluation, these results would suggest that the LNG
objectives of reducing car dependence and encouraging more active forms of transport are being
missed.

Furthermore, in the absence of sufficient public transport and job opportunities to

encourage work-related trips on foot, residents can only reasonably walk to destinations within

their neighbourhood.

Transport-related walking within these suburban neighbourhoods is

therefore likely to be a result of non-work related trips, increasing further the importance of local

and proximal neighbourhood centres.

Schools
After controlling for the presence of children living at home and the provision of an activity centre,
the presence of a primary school within 1600m was negatively associated with walking for

transport. This is consistent with other findings suggesting that the large land areas of school sites

and large office parcels were “deterrent” land uses negatively associated with walking (Moudon,

Lee, Cheadle et al. 2006). Indeed, the LNG even recognises that “the trend towards larger primary

schools and their large site area (some 4 ha) may interfere with walkability and a reduction in the
potential catchment of the neighbourhood centre” (Western Australian Planning Commission 2000),
pg.15).

Overall, 11 of the 13 structure plan and regional-scaled developments provided primary schools.
These were constructed early in the development phase, perhaps as a marketing tool to encourage

young families to buy into the development. Seven developments also had a neighbourhood or
town centre. Thus it is possible that it was not the presence of the school per se, but the absence of
other utilitarian destinations, that accounted for the decreased likelihood of walking for transport.

This is consistent with the findings of the interaction terms that revealed participants with access

to a school but no neighbourhood centre were significantly less likely to walk for transport within
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the neighbourhood. Whilst the provision of school sites is an important community destination,
reliance on a primary school alone is perhaps insufficient as an attractor or anchor destination for

creating walkable neighbourhoods to generate walking trips. After all, the presence of a primary

school is only likely to be a destination for primary aged children and their parents, not for other
adult residents.

Primary schools are an important destination to encourage children’s active transport (Pabayo,
Maximova, Spence et al. 2012; Faulkner, Buliung, Flora et al. 2009; Trapp, Giles-Corti, Christian et
al. 2012; Trapp, Giles Corti, Christian et al. 2011). As outlined in Chapter 2 , the preferred location

for primary schools under LNG is in one of three locations, but preferably on a neighbourhood

connector with good accessibility for walking, cycling and public transport use (Western Australian
Planning Commission 2009a). The LNG also offers guidance on the road networks surrounding the
schools, which is important to create pedestrian and cyclist friendly routes to school. Indeed, a

study by Giles-Corti and colleagues (2011), in Perth WA, found that children attending schools

located in areas with roads both high in connectivity and traffic volumes were less likely to walk.
The neighbourhood connector roads have average operating speeds of 50km/hour and an average

of 3000-5000 vehicles per day. The street networks within the school catchment areas therefore

may be more conducive to driving, rather than walking.

LNG also calls for the shared use of school grounds or playing fields. This may have important

benefits on the walking levels of residents, in that larger areas of POS were shown to be associated
with walking for recreation within the neighbourhood. Additionally, the number of parks with

sports surfaces, marking or equipment was also positively associated with walking for transport.
Opening up school grounds may provide better and more proximal destinations for recreational

walking and use of sports facilities, to which residents may be able to walk to make use of the
facilities. This may also alleviate some of the current problems relating to the limited provision of
larger parks for sports and active recreational activities, as highlighted in Chapter 8.

9.4.2

Movement networks

This study found that for every 10% increase in compliance with the movement network element,

the odds of doing any transportation walking within the neighbourhood significantly increased.

Compliance with the movement network element also increased the odds of doing ≥60 minutes of

walking per week within the neighbourhood, although this was approaching significance.
Additionally, the positive association of compliance with the movement network element and doing

≥60 minutes of transport walking per week remained after adjustment for all four LNG elements.
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The findings from the cluster analysis also revealed that compliance with the movement network,

in addition to either the community design or public parkland element, was associated with greater
odds of doing transportation or recreational walking, respectively. Specific requirements from the
movement network element were identified as having positive associations with both transport
and recreational walking and are now discussed.

Street connectivity
The term ‘connectivity’ refers to the directness or ease of moving between origins (e.g., households)

and destinations along the movement network (Saelens, Sallis & Frank 2003). The proximity of the

neighbourhood centres or other destinations is also determined by how connected the street

networks are en route to the destination (Transportation Research Board Institute of Medicine
2005). In terms of walking behaviours, increased connectivity reduces the distances between
origins and destinations and provides a range of routes to choose from, increasing the likelihood of
walking between locations (Dill 2003). Cross-sectional studies have shown that improved street

connectivity is consistently associated with walking (Saelens & Papadopoulos 2008; Saelens, Sallis

& Frank 2003; Sallis, Floyd, Rodriguez et al. 2012; Boarnet & Crane 2001). The results from the

cluster analysis are consistent with this notion: the likelihood of walking for transport or recreation

was higher for participants resident in developments with good movement networks and the
presence of destination diverse centres or regional open spaces.

The process evaluation indicated that the connectivity of the street networks within the evaluated

developments was generally consistent with the principles of LNG, with trends away from the long,

winding, curvilinear routes and hierarchical road systems, towards a more connected and direct
street system. The lack of significant relationships between walking and connectivity as measured

by the connected node ratios and intersection densities may be related to a lack of variation across
the RESIDE developments on these measures.

As an alternative measure of connectivity, and consistent with New Urbanist theory and the
requirements of LNG, increased block densities (reflective of smaller blocks and a larger number of
blocks and more compact and denser developments) were associated with increased odds of

recreational walking. Notably, the walkable blocks ratios were not associated with any of the

transport-related walking outcomes. This may be due to the generous provisions of the LNG

allowing for block perimeters of 620m (The Planning Group WA 2003). A large proportion of

blocks at the upper limit of this threshold may actually have limited the connectivity of the
development and reduced the overall density of the neighbourhood. The walkable block ratio was

however significantly associated with walking for recreation, a finding supported by Oakes et al
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(2007) who also found larger block sizes to be associated with increased odds of recreational
walking.

The importance of pedestrian infrastructure for supporting walking behaviours, even in
developments with good levels of connectivity, was observed through the negatively moderated

main effect of high block densities in developments with low sidewalk to road ratios.

Cul-de-sac and walking
A major criticism of the conventional curvilinear streets and cul-de-sac layouts has been the lack of

interconnectedness compared with more grid-like street patterns (Southworth & Ben-Joseph

2004). This decreases pedestrian route choices and increases the walking distances between
destinations thereby discouraging walking (Dill 2003).

Indeed, a study by Randall (2001)

measured pedestrian connectivity in grid versus cul-de-sac layouts and estimated that walking
distances were up to 40% longer in isolated cul-de-sac layouts. However, rather than totally

abolish the use of culs-de-sac, LNG attempts to regulate their length and provide linking routes to

maintain the connectivity of the street network for pedestrians. Indeed, the presence of linking
routes at culs-de-sac terminations was important for transport walking, doubling the odds of doing

≥60 minutes of weekly transport walking within the neighbourhood when 50% or more of the culsde-sac had a linking route.

In contrast to the walking for transport findings, higher proportions of shorter culs-de-sac

(measured by higher proportions meeting the LNG length requirement of ≤120m) and greater
proportions of culs-de-sac with linking routes were associated with lower levels of recreational

walking within the neighbourhood. However, evidence has shown that the use of culs-de-sac
reduces the amount of car traffic on residential streets within the subdivision, thus reducing noise,

air pollution and the probability of accidents and lower collision rates (Southworth & Ben-Joseph
2004; Cozens & Hillier 2008). It has been argued therefore that the use of cul-de-sac street patterns

creates quieter, safer streets on which to walk. Similarly, evidence from the UK’s Secured by Design
scheme found that the use of non-permeable culs-de-sac reduced both crime and fear of as a result

of limited access to residential properties on the culs-de-sac (Cozens & Hillier 2008). This may

offer some explanation as to their association with recreational walking where perhaps safety is

more important compared to the ease and directness of routes required for transport related
walking trips.

Whilst some of the findings relating to the cul-de-sac form were counter intuitive, the standards for

cul-de-sac design were meant to be cumulative, that is they were meant to be no more than 120m in
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length and provide a linking route at the termination point. Focusing on just one aspect of

standards that required joint implementation may explain these counter-intuitive findings. Indeed,

when the dead-end street percentages and presence of a linking route were jointly assessed for

their associations with walking, the findings were in the direction expected. This confirms the
importance of LNG principles for cul-de-sac design from a physical activity (walking) perspective.

The interaction term revealed that the presence of short culs-de-sac with linking routes at the

termination points increased the odds of walking for transport over and above the levels found for
either of these cul-de-sac features individually.

Block density also moderated the effect of the cul-de-sac length ratios dead-end street percentages

on walking for recreation. For the purposes of the evaluation, block boundaries were defined by
bordering roads and pedestrian linking routes at cul-de-sac terminations. This was done to better

model how pedestrians could navigate throughout the developments. It also provides a better
reflection of the influence that cul-de-sac lengths and linking routes can have on the permeability of

the movement network. For example, longer cul-de-sacs create larger block lengths, whilst shorter

cul-de-sacs with linking routes reduce the block sizes.

The somewhat conflicting findings from some of the cul-de-sac requirements may be a result of

their interaction with other community design features. Indeed, the presence of dead end streets

positively moderated the main effect of the access to a neighbourhood or town centre within 800m
on walking for transport. It is likely then that it wasn’t the dead-end street percentages per se, but

the absence of other utilitarian destinations that decreased the likelihood of walking for transport.

Findings from the cluster analysis offer some support for this notion: cluster  developments with
access to neighbourhood centres with a diversity of destinations actually performed poorly against

the LNG cul-de-sac standards. Having said that, RESIDE participants cluster  developments were
more likely to walk for transport compared with those resident in cluster  developments, which

performed significantly better on all cul-de-sac measures. These results reinforce the views that

whilst the movement network is important, there needs to be somewhere to walk to, if utilitarian

trips are to be encouraged.

The mixed and counter-intuitive results of the cul-de-sac requirements may also be a result of

interactions or correlations with the external connectivity of the housing developments and the
overall patterning and connectivity of the movement networks. Poor external connectivity may

also assist in segregating land uses, which in turn, increases the walking distances to destinations.
Using cluster analysis, McNally and Kulkarni (1999) differentiated neighbourhood types based on a
number of land-use and transportation network features. They found that traditionally designed
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neighbourhoods were characterised by grid-like transportation networks with little or no culs-de-

sac and large numbers of access points into/out of the neighbourhood. In contrast, conventional

neighbourhoods had circuitous transportation networks, many culs-de-sac and a very limited

number of access point into the neighbourhood.

External connectivity
The LNG requires that all new developments should be well integrated with, and connected to, their

surroundings. External connectivity referred to the connections of the developments’ internal

street networks to the surrounding road networks, and thus it indicated the ease with which

residents were able to enter or exit their developments. The level of external connectivity was an

important predictor of walking for transport; with every additional pedestrian-friendly access

point per kilometre along the development perimeter, participants were 35% more likely to do any

walking for transport within the neighbourhood after adjustment for self-selection. There was also
a positive interaction between the presence of external access points and the accessibility of
neighbourhood centres. Requiring developments to be well connected to adjacent developments is

important given the piecemeal subdivision development practices that currently occur. This will

ensure that the connectivity of the wider movement networks is not inhibited, thus enabling
pedestrians to navigate on-foot within and through neighbouring developments with efficiency and

ease when walking for transport.

No associations were observed with the levels of external connectivity and walking for recreation.

Sugiyama et al (2012) suggest that recreational walking may be less dependent on neighbourhood

environmental attributes compared with utilitarian walking and that the decision to walk for

recreation may be more influenced by non-environmental factors such (i.e., personal and social).

Similarly, Handy (Handy 2007) suggests that the primary motive for recreational walking is the act

of walking itself (i.e., for exercise). As a result, ease of access may not be as important when

walking for recreation compared with utilitarian-based walking trips, where speed and ease of
access is more important in deciding on the mode of transport to use.

Footpaths
Another important consideration for recreational and transport walking is the presence and
continuity of pedestrian infrastructure (i.e., footpaths or sidewalks). The univariate analyses

revealed the total length of footpaths within the developments to be associated with all walking for

recreation outcomes and for doing any and ≥60 minutes or more of weekly transport related
walking within the neighbourhood. The sidewalk to road ratios within 400m of the neighbourhood

286 | P a g e

or town centres was associated with increased odds of doing any and ≥60 minutes of transport

related walking within the neighbourhood. These results suggest that pedestrian infrastructure on
the routes to these destinations is important to encourage travel to them on-foot. The importance
of pedestrian infrastructure in the form of footpaths and sidewalks for supporting walking
behaviours was also observed through positive interactions with several community design
requirements (i.e., access to and configuration of neighbourhood centres).

The results indicating the importance of footpaths (i.e. length of footpaths within the development)

for walking for transport are consistent with those found elsewhere, in that the presence of a wellmaintained footpath network that provides a continuous route throughout the neighbourhood is

associated with walking or being physically active (Pikora, Giles-Corti, Knuiman et al. 2006; Hess,
Moudon, Snyder et al. 1999; Duncan & Mummery 2005). Additionally, when sidewalk continuity

has been used as one of the criteria for determining the walkability of an area, high walkable
neighbourhoods had higher rates of walking (Saelens, Sallis & Frank 2003). Although specific

walking levels were not examined, Cervero and Kockelman (1997) also found that better

pedestrian infrastructure including sidewalks was associated with greater non-automobile travel,
especially for non-work trips originating from home.

The only footpath variable to remain in the multivariate models with full adjustment reflected the
total footpath provisions throughout the development, not just those along the road network (i.e.,

sidewalks). This included all footpaths that were positioned alongside roads (i.e., sidewalks) as
well as those through parks and areas of open space and pedestrian access-ways or laneways

linking cul-de-sac terminations or road reserves. A previous study by Chin et al (2008) has shown

that ignoring pedestrian routes underestimates the connectivity and walkability of an area. They

found that supplementing the road network with pedestrian routes increased the connectivity
outputs by 120% compared with the road network alone. The evaluation results may then, in part,

also reflect connectivity as a result of the footpath provision, which, as previously noted has been
shown to be important for utilitarian walking (Rodriguez, Khattak & Evenson 2006; Saelens &

Handy 2008; Saelens, Sallis & Frank 2003; Sallis, Floyd, Rodriguez et al. 2012; Boarnet & Crane
2001; Saelens & Papadopoulos 2008)

Streetscapes: trees along footpaths
Local streets and footpaths are the most frequently used facilities among adults for physical activity

(Milligan 2007; Rosenberg, Mills, McCormack et al. 2010). Therefore, the design characteristics of

the neighbourhood environment and pedestrian infrastructure, such as the aesthetics or
attractiveness and safety of streets are also important and related factors in determining walking
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(Saelens & Handy 2008; Hoehner, Brennan, Elliott et al. 2005; Pikora, Giles-Corti, Badland et al.

2003).

The provision of trees within our cities and urban areas, often referred to as “Urban Forestry”,
provide a multitude of environmental, economic, social, and health and wellbeing benefits (City of

Melbourne 2011). Canopy cover throughout urban areas helps to minimise urban heat island
effects as well as improving thermal comfort at street level for pedestrians. The tree canopy’s

provision of shade and shelter helps to reduce pedestrian sun exposure and enhances the
walkability of our streets and improves the aesthetics of our neighbourhoods (Western Australian

Planning Commission 2009b; Burden 2006; City of Melbourne 2011).

This is of particular

importance in hot climatic conditions, such as those experienced in Perth, WA. Areas with vast bare
asphalt and concrete streets without trees have higher urban air temperatures.

Cooler

temperatures of between 5-15 degrees have been observed under tree canopied streets, improving
the thermal comfort and air quality of streets for pedestrians (Burden 2006). Street trees not only
create a more pleasant environment (Cervero & Kockelman 1997) but also act to slow traffic

speeds, increasing the safety of the street for pedestrians and cyclists (Western Australian Planning

Commission 2009b; Burden 2006; City of Melbourne 2011). They also provide a physical, and
psychological, buffer between the sidewalk and traffic, thus increasing the safety (and feelings of

safety) for pedestrian and cyclist street users (Burden 2006). The provision of trees is thus an

important consideration in the planning and design processes of our urban (and suburban) areas
for enhancing liveability (City of Melbourne 2011; Burden 2006).

The LNG addresses pedestrian amenity and shade through the use and provision of trees to

enhance the walkability of neighbourhoods and add to the aesthetic value which may improve the
enjoyment and satisfaction of moving along the street network (Western Australian Planning
Commission 2000). The number of street trees along the footpath networks was associated with

small, but significant, odds of doing any walking for transport within the neighbourhood. However,
there were strong positive interactions between the number of trees (along the footpaths) and

footpath length on walking for transport, with walking for transport more likely when both were
present.

These results provide strong rationale for investing in the planting of trees along

sidewalks and footpaths, consistent with the research that suggests there is a relationship between
environmental quality and people’s willingness to walk; they are more likely to walk where they

feel comfortable and where the environment is pedestrian-friendly (Giles-Corti & Donovan 2003;
Humpel, Owen & Leslie 2002).
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9.4.3

Lot layouts

The results from the process evaluation indicated that there have been general attempts towards

increased densities in accordance with the standards set by LNG. The highest levels of compliance
with LNG were indeed observed for the lot layout element, with increased levels of compliance

associated with greater odds of doing any transport-related walking within the neighbourhood.
However, few significant associations were found between the individual lot layout requirements
and either of the walking for transport variables.

There have been mixed results and relatively weak relationships between residential density alone
and walking. As both Handy (2001) and Ewing and Cervero (2010) note, density per se does not

increase walking and cycling for transport. Instead, it makes the provision of local destinations and

public transport services that encourage active modes of travel, viable and accessible. Higher
densities generally result in the creation of more compact uses of land thereby decreasing the
distances to and in-between land uses and destinations. Additionally, the provision of nearby

neighbourhood or town centres is dependent upon having sufficient residential densities to ensure

the viability of the businesses, shops and services contained within. Public transport viability also
increases with increased density.

There is a consistent body of evidence confirming the

associations between higher residential density, land use mix and walking for transport (GilesCorti, Ryan & Foster 2012; Ewing & Cervero 2010).

The LNG aims to increase residential densities through the provision of diverse lot sizes and
housing types, particularly around neighbourhood and town centres. Similar to the findings by
Forsyth (2007), increased proportions of the residential land area occupied by small lots were
associated with increased odds of walking for transport but decreased odds of walking for

recreation within the neighbourhood. The provisions of smaller lots were generally positioned
around neighbourhood centres and as such the results could be indicative of the presence of these
destinations, rather than the density per se. Findings from the interaction analyses support this

notion. The interaction of the percentages of small residential lots positively moderated the main
effects of having a neighbourhood or town centre within 800m, the configuration of the centre, and
the destination diversity of the centre. The measure of housing diversity also positively moderated

the main effects of the main-street configured centres on walking for transport. This supports the
idea that density combined with other infrastructure is essential to encourage more walking.

Higher net residential densities, between 16 dwellings per hectare to the upper LNG threshold of 20
dwelling per hectare, were also associated with increased odds of walking for recreation within the
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neighbourhood. Again, the interaction of the percentages of net residential dwelling densities also
positively moderated the main effects of having a neighbourhood or town centre within 800m and
the destination diversity (score 2) of the accessible centres.

These results support the LNG principle for creating mixed use neighbourhood and town centres,

supported by higher density and more diverse housing types. Importantly, where the combination
of features was being implemented, they positively impacted on the walking behaviours of the
residents living in those developments.

9.4.4

Public open space

Previous research, including that conducted in Perth (Western Australia), has found that park users

are more likely to achieve recommended levels of physical activity compared with non-users

(McCormack, Rock, Toohey et al. 2010). Results from RESIDE’s longitudinal analyses also found

that recreational walking responded to changes in access to recreational facilities including areas of
public open space (Giles-Corti, Bull, Knuiman et al. In Press).

Numerous factors have been shown to influence the use of parks for physical activity and passive
recreation, including the quality and quantity of the space (Broomhall, Giles-Corti & Lange 2004).

The presence of footpaths, wooded areas and constructed or natural trails have been associated

with active park use and walking within parks (McCormack, Rock, Toohey et al. 2010; Kaczynski,
Potwarka & Saelens 2008). The presence of trees and bushes, gardens, grass, flowers, natural

settings and water features have also been identified as important for park use (McCormack, Rock,

Toohey et al. 2010). Reed et al (2008) also found that parks with walking paths and trails were
used more than those containing sports facilities.

Exposure to natural environments is also

considered to be restorative and beneficial for mental health (Francis 2010). Parks with natural

environments may not only encourage greater use but also provide more satisfying experiences

(Kaplan 1995).

All but three of the RESIDE developments contained parks and all developments had parks within

the immediate surrounding areas. However, levels of compliance with the LNG public parkland
element were not positively associated with any of the transport or recreational walking outcomes.

Moreover, whilst the public parkland element was the only one to remain significant after
adjustment for compliance with all four LNG elements, it was negatively associated with doing any
walking for recreation.
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The parks present within the evaluated developments were typical of the POS development being
implemented across the wider suburban areas of Perth. They tended to be provided in the form of

similar, smaller to medium-sized parks that were highly formalised, landscaped and aesthetically

presented with limited endemic-vegetation and a scarcity of trees and undulating landscapes. The

presence of water features in the form of lakes or ponds and drainage swales were also common

features. However, these reduced the usability of spaces within the parks for recreation. The
presence of parks with areas of grassed open space, which was often flat with little undulation and
a lack of vegetation and other natural features were associated with reduced odds of walking for

recreation. This suggests that the parks were uninteresting and unappealing as a destination for

recreational walking. This notion is consistent with findings from two Western Australian studies.
Giles-Corti and colleagues (2005) have found that whilst access to parks encouraged park use, it

was access to larger attractive parks that was associated with higher levels of walking. Participants

with very good access to attractive and large open spaces were 50% more likely to achieve high

levels of walking (180 minutes per week). Similarly, Sugiyama (2009) also found that distance to,
or the number of public open spaces within the neighbourhood, was not always the most relevant

factor to recreational walking. Having a larger, attractive neighbourhood park (compared with a

smaller one), and not necessarily the closest park, within 1600m was significantly associated with

undertaking sufficient levels of recreational walking (i.e., 150 minutes per week). Giles-Corti et al

(2005) suggests the findings relating to park size may be because larger parks tend to have more

attributes that may provide more satisfying experiences for the user. It is plausible then that larger
open spaces are actually used as a destination or space within which recreational walking occurs.

The results of the multivariate and cluster analyses identified the particular LNG public parkland
requirements that were positively associated with walking for recreation. Increasing numbers of

medium-sized parks within the evaluated developments were associated with small, yet significant,
increased odds of doing any walking for recreation and ≥60 minutes of recreational walking per

week. However, consistent with previous evidence, it was the presence of a large regional park that
was associated with significantly higher odds of all three walking for recreation outcomes. The

percentage area of public open spaces that was provided was not associated with any of the
walking outcomes. One third of the developments failed to provide at least 8% of the land area as

POS as required by LNG. Failure to detect any association with walking may be a result of these low
provisions, such that insufficient amount of POS were provided to stimulate recreational walking.

This may also, in part, explain the proliferation of smaller parks within the developments, which in
turn may be of insufficient size to be an attractive ‘destination’ to recreationally walk within and
around.
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As previously highlighted in Chapter 8, there have also been concerns that the adoption and blanket
application of the 10% provision rule, combined with the piecemeal and siloed nature of

subdivision developments, are delivering poor open space outcomes over wider areas. This has

resulted in an overabundance of smaller parks of limited use for active recreation and a failure to

provide larger open spaces required as destinations for recreational walking and sports
participation (Carter 2012; Grose 2009; Grose 2007; STAC 2012).

Aesthetic features of the built environment have also been associated with walking for recreation
(Pikora, Giles-Corti, Knuiman et al. 2006). As such the early establishment and provision of high

quality, aesthetically presented parks and areas of POS may have helped to create an attractive and

enjoyable neighbourhood environment in which to walk (Giles-Corti, Bull, Knuiman et al. In Press;
Owen, Humpel, Leslie et al. 2004). The results of the interaction analyses offer some support for

this opinion. The levels of the pedestrian infrastructure positively moderated the main effect of the
number of parks on walking for transport and recreation. The greater number of smaller parks

may have created a more pleasant and aesthetically pleasing neighbourhood environment within
which to walk around, but the parks were unlikely to have been of sufficient size to act as a

destination to walk within. The lack of more proximal larger (i.e. district or regional) parks
providing a destination in which recreational walking could occur may account for the lack of
associations of this element with walking for recreation.

9.5

Conclusions

The outcome evaluation provides insights into whether the developments selected for inclusion in

the RESIDE project and evaluated here, are fulfilling the intended objectives of the LNG. Overall, the
results show that the RESIDE developments are beginning to achieve some of the objectives

expressed in the LNG. These results lend support to the notion that residents in more walkable (i.e.,
in this case more ‘liveable’) neighbourhoods may be more physically active. This is consistent with

the aims and objectives of the LNG and its intended outcomes. In line with existing evidence and

New Urbanist theories, the LNG principle of providing proximal main-street neighbourhood or

town centres with a diversity of destinations will encourage residents to walk locally within the
neighbourhood and should be considered highly important in the development of new suburban
neighbourhoods. Destinations other than retail or shopping opportunities should also be included.

These results indicated that the LNG requirements do interact in their effect on walking behaviour.

This highlights the need to examine the interaction between environmental characteristics.
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Interactions should be routinely explored in this type of work and/or other methods of measuring
the cumulative and combined effects of several inter-related requirements are necessary.

The overall LNG compliance score takes into account the combined provision of all LNG
requirements across the four elements. A dose response relationship was observed, with every
10% increment in overall compliance associated with greater odds of doing any walking for
transport within the neighbourhood. The selective nature of LNG requirements that were ‘cherry-

picked’ and implemented by the developers as a result of the trial phase of the LNG in its initial
phases has resulted in disjointed and incomplete on-ground implementation of the LNG features

and principles. A lack of associations with higher levels of walking may reflect this lack of complete
fidelity and the full intended ‘dose’ of LNG.

The micro or macro nature of the LNG requirements selected for implementation may also impact

on the influences exerted on walking behaviours. Micro-design elements such as street trees and
landscaping are too small to exert any fundamental influences on travel behaviour in a low density,

residential only neighbourhood. In contrast, the implementation of more macro features such as

increased densities and the provision of neighbourhood or town centres and public transport

routes are the principal determinants of commuting and travel choices and modes (Cervero &
Kockelman 1997). These macro features should therefore be prerequisites to which other micro

features need to be added. For example, the movement network alone is unlikely to stimulate

walking (especially for transport-related purposes). Implementation of movement network

requirements without due consideration of the community design, lot layouts (i.e., density) and

public parkland elements results in ‘islands’ of highly interconnected (movement network
compliant) developments that remain isolated from wider public transport, destinations (i.e.,

neighbourhood centres) and larger parks. As such they will likely fail to meet the overall LNG
objectives for increased public transport use and walking.

The fact that many of the developments were incomplete at the time of evaluation is also an

important consideration that should not be overlooked as a potential reason for a lack of full
compliance. As the RESIDE developments are still undergoing construction the ‘dose’ of LNG may

be increased with the future implementation of additional LNG requirements. On the other hand, as
a result of the approval process (as covered in chapter 9), it is plausible to assume that the RESIDE
developments will never reach full compliance because many of the LNG features were never
incorporated into the approved development plans.
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As a paper by Ellis (2002) critiquing the New Urbanist movement points out, the regional location

of New Urbanist projects, and not only their internal design, is crucial for their success. The LNG
also recognises this, setting out a comprehensive approach to the regional structuring of walkable
neighbourhoods clustered to form towns and interconnected streets. However, integrated planning
is required if regional public transport routes and services, and the decentralisation of employment
nodes, are to be coincided. The trial nature of the LNG and its voluntary application at smaller

project levels meant it was not being applied at the regional and district structuring levels intended

under LNG. In reality then, the majority of these projects were occurring in areas that were
predominantly structured and built in accordance with conventional development policies and

practices. Despite this, the LNG evaluation results have shown that adherence with the principles
and requirements of the LNG are contributing towards achieving the intended walking-related

outcomes.

These associations observed between the levels of LNG compliance and specific LNG requirements
persisted after controlling for self-selection, measured as participants’ preferences for particular

neighbourhood features. This suggests that regardless of residents’ preferences for ‘walkable’
features, compliance with the LNG element and implementation of specific LNG requirements (i.e.,

design features) will encourage walking within the neighbourhood. As Dill (2006) summarises: “if

you build it, they will come, and they will walk” (page 75). This is also consistent with other studies

that have concluded self-selection provides only a partial explanation for the higher rates of

destination walking in neighbourhoods with New Urbanist features (Lund 2003). A similar study
by Dill and associates (Dill 2006) presented results indicating that the New Urbanist design may

have impacted on walking beyond those who wanted to walk. Indeed, it is plausible that when

people move into more walkable neighbourhoods they become converted to its benefits.

The final chapter of this thesis, which follows, provides a conclusion to the LNG evaluation and

discusses some of the implications for the LNG policy and its ongoing use and dissemination. The
strengths and limitations of this evaluation are also recognised and implications for future research
addressed.
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Chapter 10

10.1

Introduction

Conclusions

Globally, physical activity levels are declining, and accumulating evidence suggests that individual’s

decisions to walk or cycle are associated with certain characteristics of the built environment

(Rodriguez, Khattak & Evenson 2006). The effects of neighbourhood design in constraining or

facilitating walking is thus important to consider (Saelens & Handy 2008). This is especially
important considering that walking is primarily undertaken in neighbourhood public spaces (Lee &

Moudon 2004) and on local streets (Milligan 2007; Rosenberg, Mills, McCormack et al. 2010).

Government policy and planning initiatives determine the way in which our cities, towns and local

neighbourhoods are built. They therefore play a vital role in the creation of neighbourhoods where

residents feel safe and can be physically active. For low density, suburban environments planning

guidelines that aim to increase residential densities mixed land uses and local destinations with

well-connected street layouts and pedestrian infrastructures and access to quality public open
spaces have the potential to assert public health benefits through improved physical activity and

walking outcomes. The Western Australian Government’s ‘Liveable Neighbourhoods Community
Design Guidelines’ (LNG) is an example of such an environmental planning policy that encompassed

these characteristics. The LNG was a local interpretation of New Urbanism that aimed to provide

an alternative approach to the design of neighbourhoods and towns in order to create compact,
well-defined and more sustainable and pedestrian-friendly suburban communities. One of its key

aims was to encourage more walking, cycling and public transport use.

This thesis has presented the methods and results of a comprehensive evaluation undertaken to

assess the implementation of a state government planning policy designed to create more walkable,

suburban developments, and its associations with walking behaviours. The process evaluation
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assessed the implementation and levels of compliance with the ‘Liveable Neighbourhoods

Guidelines’ (LNG) in 36 new developments selected by the Department of Planning for inclusion in

the RESIDE project. The on-ground implementation of 43 LNG requirements was quantified using

measures developed in GIS. The degree to which the on-ground outcomes in the developments

reflected those intended by LNG were also assessed. Finally, the barriers or factors that prevented

the implementation of LNG requirements, or limited the way in which the LNG was implemented,
were explored. The outcome evaluation explored associations between the implementation of the

LNG and the walking behaviours of RESIDE participants resident in these developments. It was

also focussed on identifying the LNG requirements that were important, from a public health
perspective, for increasing walking and physical activity levels. Analyses examined the associations
between the measured levels of compliance with walking behaviours; the associations between
specific LNG requirements and walking behaviours; and the interacting effects and combinations of
LNG requirements and walking behaviours.

This chapter provides a conclusion to the thesis. It commences by providing an overview of the
main findings before discussing the study’s strengths and limitations.

Finally, it outlines

implications for the ongoing use of the LNG and the wider implications for policy and practice and
future research.

10.2

Summary of main findings

The key findings from the process and outcome evaluations are summarised below 1. In general,

these results lend added support to the notion that residents in walkable (i.e., in this case ‘liveable’)

neighbourhoods may be more physically active. This is consistent with the aims and objectives of
the LNG and its intended outcomes.

10.2.4

Process evaluation results: Implementation of LNG

 Overall percentage compliance scores (i.e., all four elements combined) ranged from 30.0% to
55.5% across LNs and from 27.2% to 53.0% across CNs;

 Overall compliance of LNs (47.2%) and CNs (45.2%) was not significantly different (p=0.390);


Less than 50% policy implementation was achieved by LNs and CNs across the various

elements: CD (29.3% vs. 25.1%), MN (48.1% vs. 46.8%) and PP (45.7% vs. 45.2%).
1

All results presented for the walking outcomes are adjusted for self-selection;
CD = community design; MN = movement network; LL = lot layout; PP = public parkland
WT = walking for transport in the neighbourhood; WR = walking for recreation in the neighbourhood
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 LNs significantly outperformed CNs on the implementation of the LL element only (57.9% vs.
44.3%, p=0.023);

 These results indicate a lack of full implementation of the LNG policy.

10.2.5

Impact of the implementation of LNG on walking for
transport

 Despite low levels of implementation, 10% increments of compliance with the CD, MN and LL
elements were associated with significantly increased odds of doing any WT within the

neighbourhood (CD - OR 1.3 95%CI=1.1-1.4; MN - OR 2.5, 95%CI=1.4-4.5; LL - OR 1.3,

95%CI=1.1-1.5);

 10% increments of compliance with the CD and MN elements also increased the odds of doing

≥60mins of weekly WT within the neighbourhood (CD - OR 1.2, 95%CI-1.0-1.3; MN - OR 2.0

95%CI=0.9-4.3), although the MN did not reach statistical significance;

 Participants were 1.5 times more likely to do any WT within the neighbourhood with every
10% increase in overall policy compliance (95%CI=1.1-2.1);

 After full adjustment for all four elements, compliance with the CD element remained the only
element associated with doing any WT in the neighbourhood (this approached significance: OR



1.14, 95%CI 0.99-1.31, p=0.053);

After full adjustment for all four elements, compliance with the MN element remained the only

element associated with doing ≥60mins weekly WT (this approached significance; OR 2.02,
95%CI 0.93-4.41, p=0.077);

 Participants resident in developments characterised by high levels of compliance with CD were
1.7 times more likely to do any WT within the neighbourhood compared with those living in
developments with similar levels of implementation of the MN element but lower levels of CD
element implementation (95%CI 0.9-3.3, p=0.095).

significance.

10.2.6

This was approaching statistical

Impact of the implementation of LNG on walking for
recreation

 No significant associations were found between levels of compliance of any of the LNG
elements and walking for recreation;

 Levels of compliance with PP when fully adjusted for all four elements was negatively
associated with doing any WR within the neighbourhood (OR 0.83, 95%CI 0.7-1.0, p≤0.05);
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 The odds of doing any neighbourhood WR were significantly increased with every 10%
increase in compliance of the MN (OR 1.7 95%CI=1.0-2.8);

 Compared with living in predominantly MN and LL compliance developments, participants

resident in developments characterised by higher levels of PP compliance and characterised by

good access to larger, regional-sized public open spaces, were twice as likely to do any WR (OR

2.03, 95%CI 1.3-3.3, p≤0.01) and 1.6 times more likely to do ≥60mins WR (OR 1.64, 95%CI 1.12.5, p≤0.05);

 Developments with lower levels of MN and PP compliance and characterised by poorer access
to larger regional-sized parks were less likely to do any WR and ≥60mins of weekly WR within
their neighbourhood.

10.2.7

Impact of LNG requirements on walking for transport

Community design requirements and walking for transport

 Having access to a neighbourhood centre within 800m or 1600m was associated with an

increased likelihood or doing any WT (800m OR 2.1, 95% CI 1.1-4.3; 1600m OR 4.9, 95%CI 1.615.1.

 Participants with access to a centre within 1600m and high footpath to road ratios were eight
times more likely to do any WT (OR 8.1, 95%CI 2.7-20.4).

 Residents in developments with a main-street configured centre and high sidewalk provisions
were 12.4 times more likely to do any WT (OR 12.4, 95%CI 3.4-45.8)

 Where a main-street style centre was accessible within 16oom residents were nearly nine
times more likely to do any walking for transport (OR=8.9, 95%CI 2.8-28.7) compared to
having no centre present and twice as likely to walk for transport compared with having a bigbox configured centre.

 For every additional destination type present the odds of doing any WT by a factor of 1.2
(95%CI 1.1-1.5), and by a factor of 1.4 for undertaking ≥60 WT (95%CI 1.1-1.7).

Movement network requirements and walking for transport
 Participants were 1.4 times more likely to do any WT with increasing numbers of external
access points (OR 1.35, 95% CI 1.06-1.73, p≤0.01).

 Participants in developments with high footpath provisions and a trees positioned along the
footpaths were 2.4 times more likely to do any WT (OR 2.38, 95%CI 1.36-2.4.19, p≤0.005); and

3.5 times more likely to do ≥60mins WT (OR 3.54, 95%CI 2.00-6.19, p≤0.001);
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 Participants in developments with high cul-de-sac length and linking route ratios were 3.5

times more likely to do any WT (95%CI 1.1-11.1); and 3.2 times more likely to do ≥60mins WT
(95%CI 1.1-9.8) compared with those living in developments with longer culs-de-sac and no
linking routes;

Lot layout requirements and walking for transport
 Participants resident in developments with a centre accessible within 1600m and high

proportions of small residential lots were nearly four times more likely to do any WT (OR 3.7,

95%CI 1.1-12.5) and three times more likely to do ≥60 minutes of transport walking per week
(OR2.7, 95%CI 1.6-4.6)..

 Net residential dwelling densities positively moderated the main effect of the destination

diversity on walking for transport. Participants in developments characterised by high net
residential dwelling densities and centres with high destination diversity scores were 2.7 times
more likely to do any WT (OR 2.66, 95%CI 2.01-3.54, p≤0.001) and 2.1 times more likely to do

≥60mins WR (OR 2.06, 95%CI 1.90-2.22, p≤0.001).

Public parkland requirements and walking for transport
 Participants were three times more likely to do any WT (OR 3.34, 95% CI 2.1-5.4) and over

twice as likely to do ≥60mins WT (OR 2.4, 95% CI 1.5-3.9) when a regional-sized park was
accessible within 2.5km;

 Participants in developments characterised by high park numbers and high footpath to road

ratios were three times more likely to do any walking for transport within the neighbourhood
(OR 3.3, 95%CI 2.1-5.4) and 2.3 times more likely to do ≥60 minutes of walking for transport

within the neighbourhood per week (95%CI 1.5-3.4).

10.2.8

Impact of LNG requirements on walking for recreation

Community design requirements and walking for recreation

 The presence of a main-street configured centre significantly increased the odds of doing any


WR (OR 1.8, 95%CI 1.4-3.0, p≤) and for achieving ≥60mins WR (OR 1.7, 95%CI 1.4-2.0, p≤).

Big-box configured centres were associated with significantly reduced odds of ≥60 WR (OR

0.67, 95% CI 0.54-0.82, p≤0.001), compared with having no centre present.
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Movement network requirements and walking for recreation
 Participants in developments with high footpath provisions (i.e., lengths) and higher numbers
of trees positioned along the footpath networks were 1.7 times more likely to do any WR (OR
1.68, 95%CI 1.09-2.59, p≤0.05).

Lot layout requirements and walking for recreation
 Participants resident in developments with a main street centre and high proportions of small
residential lots were 1.9 times more likely to do any WR (OR 1.94, 95%CI 1.39-2.70, p≤0.001).

Public parkland requirements and walking for recreation
 Access to a regional-sized park within 2.5km was significantly associated with increased odds

of doing any WR (OR 1.63, 95% CI, 1.40-1.91, p≤0.001) and ≥60mins WR (OR 1.82, 95% CI

1.20-2.75, p≤0.01).

 Participants resident in developments with high footpath to road ratios and access to a regional

sized park (within 2.5km) were 1.7 times more likely to do any walking for recreation (OR 1.71,
95%CI 1.12-2.60, p≤0.05) and twice as likely to do 60 minutes of walking for recreation within

the neighbourhood per week (OR 2.04, 95%CI 1.38-3.02, p≤0.001),

 Participants living in developments with high footpath to road ratios but no regional-sized park

accessible within 2.5km they were half as likely to do any walking for recreation (OR 0.5,
95%CI 0.3-0.9) and 60 minutes or more of walking for recreation within the neighbourhood

per week (OR=0.4, 95% 0.2-0.6).

 The interaction of the pedestrian infrastructure within the development positively moderated

the main effect of the number of parks on walking for recreation: Participants living in
developments with high numbers of parks and high footpath to road ratios were 2.3 times

more likely to do any WR (OR 2.26, 95%CI 1.92-2.60, p≤0.001) and 2.5 times more likely to do

≥60min WR (OR 2.47, 95%CI 1.86-3.27, p≤0.001).

10.3

Is the LNG achieving its intended walking outcomes?

The results of the process evaluation revealed incomplete and lower levels of implementation than
was intended under the LNG. This was in part a consequence of the voluntary nature of the LNG
during its trial period. It was also an outcome of the disjointed nature of the uptake and application
of the LNG principles and requirements and its application to smaller project or subdivision scaled

developments. Practical problems were also experienced in implementing specific features of the

LNG due to the differences between it and the existing conventional planning practices and policies.
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The result has been a breakdown in the application of the LNG principles to the extent that the

totality of built form outcomes envisaged by the LNG has not been realised.

Nevertheless, the outcome evaluation supported the underlying principles of LNG. It revealed that
implementation of the four LNG elements increased the likelihood of non-work related walking for

transport within the neighbourhood. However, residents of these developments still had little, or
no, options for work-based active transportation due to lack of proximal employment opportunities

and poorly connected regional public transport services. Whilst these results do not address an

explicit outcome of this evaluation, they suggest that the LNG objectives of reducing car
dependence and encouraging more active forms of transport are not being achieved.

In contrast, the outcome evaluation revealed that implementation of the public parkland element is
having a negative impact on walking for recreation. The focus and principles of the LNG for small
pocket parks, combined with the piecemeal and siloed nature of subdivision development over
which it is being applied, delivered poor open space outcomes over wider areas.

The

overabundance of smaller parks is of limited use for active recreation and fails to provide the larger
open spaces that are required as destinations for recreational walking.

The LNG evaluation

suggests that the blanket (10%) area-percentage requirements for POS results in the installation of
parks that are inadequate, in both form and function, for active recreation and walking behaviours.

Certain aspects of the LNG tended not to be implemented, these may have taken longer to

implement. Had they been implemented, these may have proved to be more impactful on the

walking behaviours of residents than those requirements that were in place. For example, it is clear
that the development of centres and provision of businesses take time to establish in greenfield

developments and they may be delayed until sufficient residential and population densities are
present to support them. However, this appears to have resulted, for significant periods of time, in

‘liveable neighbourhood’ developments with poor access to centres and destinations that are
required for daily living and that encourage transport-related walking.

The lack of integrated application of LNG to smaller subdivisions is detrimental to its effective
implementation and limits the installation of neighbourhood centres and other important

community infrastructures. Work from the UK has found that ad-hoc small developments can only
have limited effects on travel behaviour (Williams 2001). This results in widespread piecemeal

residential developments, all of which are too small to warrant in their own right the provision of
centres. Consequently, residents of these subdivisions have no utilitarian destinations within

walking distance. Similarly, the lack of local job opportunities combined with a lack of regional
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public transport provisions is a serious hindrance to work-related active transport trips and fosters
car dependency and unsustainable living (Giles-Corti, Bull, Knuiman et al. In Press).

Nevertheless, it is also important to recognise that development is still unfolding in the
developments evaluated, with all at different stages of construction and completion at the time of

evaluation. In fact, at the time of this evaluation, none of the developments were fully complete.

The true influence of the LNG on the walking behaviours of residents may not, therefore, be fully
apparent at this time. As construction progresses and the developments continue to evolve and

increase their resident populations, more local businesses may be attracted and sustained, giving a
better indication of the capacity of the LNG to influence residents’ walking levels (Foster 2009).

10.4

Strengths and limitations of the LNG evaluation

Before proceeding to summarise the implications of the findings for policy and practice, there are a

number of limitations which need to be considered. The relative strengths of the evaluation are
also highlighted.

10.4.1

Study design

This study was part of the larger RESIDential Environments project (RESIDE). The specific nature

of the RESIDE sample has implications for the results presented in this thesis, both in terms of the
sample population and the built environments studied.

The study was conducted in new suburban residential environments in a wealthy and
industrialised country. RESIDE participants were clustered in typically middle to higher SES

neighbourhoods (as classified by the socio-economic index for areas [SEIFA], index of relative
disadvantage) (Giles-Corti, Knuiman, Timperio et al. 2008).

Consequently, the findings may

represent a middle-class suburban phenomenon and are limited to new home buyers moving into

new housing developments, most of which were greenfield developments, located on the urban
fringe (Foster 2009). However, this was unavoidable given RESIDE aimed to study the impact of a

planning policy intended to improve the built form of suburban greenfield developments. The

findings may therefore be less transferable to other settings (i.e. higher density urban and rural
areas or settings) or populations (i.e., lower SES). Nonetheless, the results are applicable to many
urban and suburban areas throughout Australia and the United States (US).
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As indicated by the process evaluation, and highlighted in previous RESIDE studies (Foster & Giles-

Corti 2008; Christian, Knuiman, Bull et al. 2012; Giles-Corti, Bull, Knuiman et al. In Press) the
developments were largely homogenous in their built environmental characteristics and
implementation of LNG requirements and features.

The associations between the built

environment and walking may therefore have been underestimated through a failure to detect

significant associations over the limited range of variability in the built environments (Sallis,
Bowles, Bauman et al. 2009).

Although the RESIDE project is a longitudinal study, data used in this thesis were drawn from one
time point only, after participants had moved into their new homes. Because of the cross-sectional

design of the LNG Evaluation any causal relationships between the implementation and on-ground
outcomes of the LNG cannot be established.

There were also benefits of being part of the larger RESIDE project. This included access to a large
participant dataset, from which a sub-sample of participants for the LNG Outcome Evaluation was

drawn.

RESIDE measured participants’ context and behaviour specific walking using the

Neighbourhood Physical Activity Questionnaire (NPAQ) which was used to categorise the walking

outcomes. The RESIDE project also had access to a wide range of GIS data which would not have
been possible to obtain and use without affiliation with the RESIDE project.

10.4.2

Process evaluation

As ecological models of behaviour predict, environmental and policy approaches are designed to

provide environmental opportunities, support and cues to help people to adopt physically active

and healthy behaviours (Heath, Brownson, Kruger et al. 2006). However, despite a substantial
body of literature illustrating that specific features of the built environment are associated with

physical activity, there is still much to be understood about the translation of evidence into practice,
into both new and existing neighbourhoods (Frumkin, Frank & Jackson 2004).

The process evaluation represented a unique attempt to ‘unpack’ a state government planning

policy aimed at altering the built environmental outcomes for new suburban housing
developments. It identified the specific policy requirements relating to actual built environmental

features and measured the on-ground implementation of these. It also assessed the performance of

the developments against the intended on-ground outcomes of the LNG. Moreover, it moves
beyond previous studies by using measures specific to the planning policy rather than more generic
measures of the built environment.
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This detailed information on the implementation of the LNG and the qualitative insights regarding

the feasibility and logistics of implementation helped to make informed decisions with regards to
the effectiveness of the LNG in bringing about its intended walking outcomes.

The process

evaluation highlighted important gaps in both the principles and practices of the LNG which
adversely affected the intended on-ground outcomes. Without this knowledge, it would have been

impossible to judge whether the observed walking outcomes were a result of the ineffectiveness of
the policy principles or problems relating to the delivery of the policy and its on-ground practices.

This highlights the importance of the process evaluation in identifying the LNG requirements that

were being attempted; the reasons for their implementation or lack thereof; and in determining the
success or otherwise of these on enabling the achievement of the LNG objectives and intended
outcomes.

Measurement of LNG implementation
The development of the process evaluation measures to assess the implementation of the LNG

requirements was undertaken in GIS. The use of these software and data has become increasingly
popular for objectively assessing built environments to investigate their associations with physical

activity behaviors. A recent series of papers however addressed the challenges of measuring food
and physical activity environments. These papers warned against uncritical reliance on secondary

GIS data as it may provide a false sense of assessment accuracy for research purposes (Matthews,
Moudon & Daniel 2009; Brownson, Hoehner, Day et al. 2009; Forsyth, Lytle & Van Riper 2010;

Charreire, Casey, Salze et al. 2010; McKinnon, Reedy, Handy et al. 2009; Wang, Gonzalez, Ritchie et

al. 2006). For example, GIS data used by physical activity and health researchers are typically
derived from secondary sources such as local government listings of land use, cadastral ownership
or taxation and valuation records, and commercial listings such as telephone or business

directories (e.g. yellow and white pages) (Brownson, Hoehner, Day et al. 2009; Transportation

Research Board Institute of Medicine 2005). This presents a number of potential issues. First,
these databases are not developed for research purposes but rather to meet land administration

and governance requirements (e.g., planning and tax assessment), or for marketing and advertising
purposes (Brownson, Hoehner, Day et al. 2009; Matthews, Moudon & Daniel 2009). Where data are

available, the geographical units at which they are collated (e.g. zip code or census block) may not
be at a scale or resolution comparable to the neighborhood level or activity space of the participant
cohort whose behavior is being studied. The currency of the data (i.e. when it was last updated) is
also an important consideration.

304 | P a g e

Error associated with measurement of the built environment has important implications for the

robustness of reported associations with the walking outcomes, the conclusions drawn, and the
potential public health and planning policy implications of the evaluation (Cummins & Macintyre

2009; Liese, Colabianchi, Lamichhane et al. 2010; Boone, Gordon-Larsen, Stewart et al. 2008).

These were important consideration for the LNG evaluation and, as detailed below, many of the
issues raised here were considered in the development of the evaluation measures.

A number of GIS datasets from the RESIDE project were used in the development of the measures.

These had been obtained from a number of different custodians and had not been developed for the

research purposes in which they were to be used. As such, they often required considerable
modifications to produce environmental variables that better reflected and measured the specific

built environmental features of the LNG requirements. Where no existing GIS data could be found,
or it was considered to be insufficiently accurate for the purposes of measuring a specific
requirement, new data layers were created. For example, the completeness of the commercial
Yellow Pages data and the coarse nature of the Valuer Generals’ land use dataset previously used by

RESIDE were of concern regarding the accurate identification of the specific destinations within the

neighborhood centres. A costly and time-intensive field audit of the identified centres (n=96) was

not feasible, so an alternative method using high resolution aerial imagery and Google Street View
was adopted. This provided a comprehensive and ‘best estimate’ possible given the timing of the
Google Streetview imagery balanced with the need for accuracy of the evaluation. Indeed, a total of
835 Yellow Pages listed business records were identified within the 96 centres. This represented

just 31.3% of the total number of unique businesses (i.e., destinations) identified via the virtual
audits (n=2673).

Brownson et al (2009) have raised concerns relating to the temporal accuracy of GIS data with the

timing of the outcome measurements. The RESIDE project had been careful to source GIS data that
temporally matched the data collection from participant surveys. All GIS data used for the LNG
evaluation were selected to represent the RESIDE developments at 2009 that coincided with the
survey data from the second follow-up phase of the RESIDE participants.

Previous work has shown that ignoring pedestrian networks and routes underestimates the
walkability of some neighbourhoods (Chin, Van Niel, Giles-Corti et al. 2008). A modified road
network layer was created to better represent the movement network possibilities of pedestrians.

This included footpaths through parks and areas of public open space, plus pedestrian access ways
or cut throughs at cul-de-sac terminations. This was important given the focus of the outcome

evaluation on investigating the levels of walking of the residents (i.e. RESIDE participants) within
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these housing developments. This did not include other informal pedestrian routes or tracks, such
as those through parks and natural areas that pedestrians may also use to navigate through their
neighbourhoods. The decision to exclude these was based on the desire to evaluate the installation
of formal pedestrian infrastructures provided by the developers. Assessment of the quality of the
pedestrian infrastructure was also beyond the scope of this thesis.

No data file or registry containing the locations of the footpath networks or trees across the Perth

metropolitan area existed. The candidate’s identification of the footpath networks and current tree
locations within the developments provides a measurable benchmark that has been used to

evaluate current footpath and tree provisions. These unique databases could be used to highlight

areas of the developments where footpath provisions and canopy cover could be improved (and

street amenity for pedestrians and cyclists) and to guide and evaluate future footpath installation
and tree planting programs and retrofitting.

In addition to measurement of the development-wide residential densities, an appraisal of the
density gradients within the developments, specifically around the neighbourhood or town centres

and public transport (bus) stops, was made. The residential density measures should be treated

with some caution.

They were computed using the VGO dataset that required extensive

modifications to digitise ‘missing’ dwellings. Overall, 14.8% of all residential dwellings within the

final ‘residential dwelling layer’ were manually identified. Whilst the suburban nature of the
developments meant that the majority of dwellings were single detached dwellings there is

potential for miss-representation of the dwelling type. For this reason, as assessment of housing
diversity was only made using the VGO data that contained information on the dwelling type.

For the purposes of the LNG Evaluation, the provision of land provided by the developer as POS was
calculated as a percentage of the currently constructed land area of the developments. This was
done so that the evaluation reflected the implementation of the LNG as of 2009 – at the time of

evaluation. It was deemed unfair to assess developments against the areas of unconstructed land,
which may or may not be developed as future areas of POS. However, in hindsight this may not

accurately reflect the POS provisions that will eventuate within the developments upon their
completion. Computing the current POS areas as a percentage of the currently constructed land

areas may have under or over-estimated the park provisions, relative to the current area of

constructed land. For example, given the undeveloped nature of one of the RESIDE developments
in Figure 10.1, the large area of POS to the south-east of the development has clearly been provided

in the early phases of its development. The proportion of this area of POS to the current total

constructed land area was thus relatively large. However, when the development is complete and
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what is now unconstructed land area is included into the equation (i.e., the denominator), this
proportion would be relatively smaller (assuming no other POS is provided in the unconstructed

land). Similarly, other developments with differing construction timelines that were yet to develop
or fully install their POS despite other widespread residential dwelling construction, would have

been evaluated as having relatively little or no POS at the time of evaluation. This is not to say
however that POS would not be provided at a later date (i.e., in the currently unconstructed areas)

and as such the POS land calculations would be increased as a result – becoming relatively larger
than assessed at present.

 Development boundary;  Park; Undeveloped land identified from VGO data  and manually digitised 

Figure 10.1

Identifying undeveloped land areas and computing POS as a percentage of the
developed land area in RESIDE developments

Accessibility analyses to parks and neighbourhood centres were conducted on all parks and centres

within the developments and within 800m Euclidean distance around the development. The
installation of additional centres and parks within the developments, as a result of continued
construction, would alter and likely improve the accessibility (i.e., distances) to parks.

This

highlights the need for ongoing assessment and process evaluation of such environmental
interventions/policies.

Of the 60 unique and measurable design features that were identified from the review and

rationalisation process, 43 requirements (72%) were identified for measurement and inclusion in

the LNG evaluation. Some features were not measured because of insufficient GIS data. For

example, no GIS datasets with the locations of traffic signals and pedestrian crossing locations had
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been obtained by RESIDE project, nor could they be sourced elsewhere. As these may represent

important design features of the built environment that influence individual’s decisions to walk,
their exclusion is a limitation. Similarly, no quantification of the aesthetics of the environment was
made.

The development of this unique suite of policy-relevant measures provides a baseline layer against

which ongoing monitoring and assessment of the LNG within the RESIDE developments could be
made. This is of particular importance given the significant periods of time required to fully
construct new suburban housing developments in greenfield sites. However, the labour and time

intensive nature of some of the measures poses a significant limitation to their replication for
ongoing monitoring of the policy implementation. A number of alternative, and time saving,

methodologies were identified but their use was limited by the GIS data available and at the
disposal of the candidate. For example, the use of remote sensing feature extraction was identified

as a potential method for identifying and quantifying the tree canopy cover across the
developments. However, this requires the use of aerial imagery at high resolution and with specific

spectral properties. This imagery is expensive and could not be sourced for the full extent of the

Perth metropolitan area with coverage of all of the development locations. As such, manual
digitisation of the tree canopies was undertaken only along the footpaths, rather than the entire
development area. Future studies could advance these types of methodologies and measures as
data become available.

Validity of GIS-based measures can be thought of as the degree to which the data and measures

accurately reflect the real world (Brownson, Hoehner, Day et al. 2009). The measures developed

for the LNG evaluation were unique in that they were specifically developed to reflect the exact

requirements of the LNG and its intended on-ground built form outcomes. Whilst this often

required considerable manual modifications and alterations, the resulting measures nonetheless

have a high degree of ecological validity and specificity to the planning policy which they were
assessing.

10.4.3

Outcome evaluation

The outcome evaluation was based on self-report measures of walking derived from NPAQ. Selfadministered physical activity instruments have well documented limitations, including the

tendency to over-report activity levels (Sallis & Saelens 2000). However, through the use of NPAQ
RESIDE data differentiated between walking within and outside of the neighbourhood and whether

that walking was for transport or recreation. NPAQ has also previously been shown to have
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acceptable reliability (Giles-Corti, Timperio, Cutt et al. 2006). The distinction between recreational
and transport walking was maintained because different correlates are relevant to different types

of walking (Owen, Humpel, Leslie et al. 2004; Sugiyama, Neuhaus, Cole et al. 2012) and the LNG

aims to encourage active transport.

Given that the objective of the LNG Evaluation was to assess the levels of implementation within the

RESIDE developments and its impact on walking (i.e., an intended outcome of the policy), it was
important to be to able isolate the walking undertaken within the developments. Participants
NPAQ responses to walking within the neighbourhood were used as a measure of walking within

the RESIDE developments. However, participants ‘neighbourhood’ area was defined by NPAQ as a

15 minute walk from home. This could have differed from the actual development boundaries. For

example, it could have included some areas external to the actual development. This is especially

true for the smaller-scaled developments. Similarly, for the larger-scaled developments, the 10-15

minute NPAQ neighbourhood area may not have covered the full extent of the development.

RESIDE had collected objective walking data for participants using pedometers. However, these

data would not have allowed for the necessary distinction and were therefore not used.

The ‘neighbourhood’ was defined by the RESIDE project as a 10-15 minute walk from home on the

basis that return trips to neighbourhood destinations up to a 15 minute walk from participants’
home would meet the recommended 30 minutes of daily moderate physical activity by walking.

The study areas of interest for which all environmental (GIS) measures were previously generated

for the RESIDE project were based upon a 1.6 km road network service area representing a 10-

15minute walk from study participants’ homes. The process evaluation, however, was specifically

concerned with quantifying the levels of implementation within the RESIDE developments. The
housing development boundaries were used as the study areas of interest. As such, all measures of

the LNG requirements were developed for, and compiled at, the development level. The measures
were not generated at the individual level for each of the RESIDE participants.

The process evaluation purposefully utilised a much larger sample of ‘residents’ identifying all of

the residential dwelling points within each of the developments (n=31,102: LN=16,903; CN=14,199).
This provided a better indication of access to (LNG-stipulated) destinations from a greater number
of residential locations and thus of how the developments as a whole were actually performing

against LNG. However, for the purposes of the outcome evaluation, these development-level data

were assessed against individual-level walking data. That is, all RESIDE participants located within
the same development were assigned the (same) value or score of the respective development in
which they resided, regardless of their actual location within that development.
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Cross-sectional studies of the built environment and walking have been criticised on the issue of

the role of neighbourhood self-selection in explaining the observed correlations (Handy &

Mokhtarian 2005). As such, additional models were run to control for self-selection (measured as
the importance of 13 factors influencing participants’ choice of new housing development). The
associations observed between the levels of LNG compliance and specific LNG requirements

persisted after controlling for self-selection, measured as participants’ preferences for particular

neighbourhood features. This suggests that regardless of residents’ preferences for ‘walkable’
features, compliance with the LNG element and implementation of specific LNG requirements (i.e.,
design features) encouraged walking within the neighbourhood.

A key intended outcome of the LNG was to reduce car dependence and encourage more active
forms of transport in the form of walking, cycling and public transport use. The incidence of

reported cycling behaviours within the sub-sample of RESIDE participants was low and given the

relatively small sample size this did not warrant investigation.
assessment as part of the outcome evaluation.

It therefore removed from

Walking was thus targeted as the specific

behavioural outcome for assessment as part of this evaluation in determining the LNG’s
performance against its stated (i.e., walking) objectives. Other forms of physical activity (such as

sports participation) and the levels of moderate and/or vigorous intensity physical activities were
not investigated or controlled for.

The measure of walking did not differentiate between work and non-work related trips. Different
LNG features may have impacted on these different walking behaviours. For example, public

transport accessibility and access to places of employment are likely to be important for work-

related walking trips. On the other hand, the presence of destinations (i.e., local shops) and tree
lined streets that create pleasant walking environments are more likely to induce non-work trips

on foot within the neighbourhood, for both utilitarian and recreational purposes. The effects of
seasonal variation were not controlled. This was due to previous findings from the wider RESIDE
population that showed the weather variations observed in Perth were of insufficient magnitude to

impact levels of overall and domain-specific physical activity engagement for adults participating in

the RESIDE study (Badland, Christian, Giles-Corti et al. 2011).

All outcome analysis controlled for scale of development. This was important given the different
sizes of the evaluated developments and the discrepancies between the development-level

environmental data and individual-level walking data. The fact that many of the developments

were incomplete at the time of evaluation was also an important consideration that was not
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overlooked.

As such the stage of development (i.e., its level of construction at the time of

evaluation) was also controlled for in all analyses.

An additional strength of the outcome analysis is that it triangulated findings from three different
statistical analyses.

The consistencies in findings across these analyses add weight to the

conclusions drawn. Additionally, the use of interaction analyses to begin to assess the cumulative
effects of combinations of LNG requirements is unique and an important contribution to the field.

10.5

Implications for policy and practice

The following sections outline implications for the ongoing use of the LNG and the wider
implications for policy and practice and future research as a result of the findings from the LNG

evaluation. The findings of this evaluation highlight some potentially important implications for
policy and practice - including for the ongoing use and application of the LNG. These include both

‘processes’ of implementation and an understanding of approaches that may enhance the likelihood
of policy adoption and on-ground implementation of its requirements; and content – identifying

specific policy requirements that are likely to be effective in bringing about the intended waling

outcomes (Brownson, Chriqui, & Stamatakis 2009a). Since the commencement of this study, there
has been continued interest in the development patterns and growth of Perth and its relationship to

health. This is evident through the introduction of a number of important policies and plans that
will help to ‘plug’ some of the gaps highlighted in the process evaluation (Chapter 8). These are
referred to throughout this chapter where relevant. The findings also point to other areas where
greater research attention is needed.

10.5.4

Content and structure of the LNG document

The qualitative findings from the process evaluation, identified from a variety of sources (Curtis &
Punter 2004; UDIA 2005; STAC 2012) revealed that the current structure and content of the LNG

document were disincentives for its use and application. The LNG should be restructured so that it
is easier to use and its content revised so as not to excessively burden the developers. On a

practical note, the current LNG document is only available in hard copy format. An interactive web-

based format may be more user-friendly. The inclusion of case studies, or best practice examples,
should also be considered.

In general, the separation of the LNG into functional topic areas (i.e., ‘elements’) works well.

However, the high degree of overlap and duplication of requirements across these was a challenge
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to its use. Work should be done to address these: either rationalising or combining duplicated

requirements, as was done for this process evaluation; or there needs to be better cross-referencing
of requirements applicable to, and stated under, multiple elements. The community design element
had significant amount of overlap with the other three elements with a number of its objectives

setting out the intent of many of the other elements. It should be re-positioned as a higher order
element, outlining the overarching principles and intent for a walkable, sustainable and liveable
community, signposting to the other elements that deal with the specific features.

The flexibilities that LNG allowed in meeting the underlying principles were likely contributing to
some of the unfavourable on-ground outcomes (Falconer 2008).

Better presentation and

distinction of the requirements applicable to subdivisions and large structure plan or regionalscaled developments are also needed. The LNG could also define the requirements needed at each
phase of the development process.

Furthermore, the qualitative findings from the process

evaluation revealed that there was a lack of clarification between the mandatory (i.e., that ‘must’ be

considered) and desirable (i.e., that ‘should’ be considered) requirements of the LNG. There needs

to be better clarification, and a more accurate use of language, to define and identify the mandatory
and desirable requirements.

Clearer rules (and therefore assessment criteria are needed to assessing plans which would help to

alleviate some of the current operational barriers relating to policy and planning assessment and
approvals processes. As such, the LNG should also be more prescriptive in its requirement of the

mandatory features and provide a clear set of measurable and accountable criteria or

requirements. This would ensure a level of consistency in its application and assist in the approvals

processes (i.e., could become more of a tick-box exercise). The LNG should also identify the ‘critical’
or ‘non-negotiable’ requirements that developers must implement to create liveable, walkable and
sustainable communities. The development of a hierarchy of LNG requirements would assist in
ease of use and application of the LNG. This would also ensure a level of consistency in its

application and would assist planners, policy makers and developers to prioritise requirements to
implement when resources are limited (Sallis, Bauman & Pratt 1998).

The ‘critique of the evidence base’ and ‘directions for future research’ sections in Chapter 1 also
concluded that given the diversity of measures currently being explored in the literature, future

studies should seek to identify the relative influence of these features with a view to establishing a

hierarchy of design characteristics (i.e., essential, important and supportive) that influence active

living behaviours. A modified hierarchy of LNG requirements based on the current two-tiered
approach could be adopted. In addition to requirements that “must” and “should” be considered, a
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third tier of requirements that “could” be considered may be appropriate and in line with that

proposed in Chapter 1. The outcome evaluation identified specific LNG requirements that were
important for encouraging and supporting walking behaviours.
Walking for transport
 Access to main-street configured neighbourhood centres with a diversity of destinations within
800m;

 Greater numbers of bus routes and services;

 Provision of smaller lots and increased housing diversities to support the provision of
neighbourhood and town centres;

 High levels of external connectivity through the provision of access points at regular intervals
along the perimeter of the development;

 Provision of tree-lined footpath networks;

 Smaller block perimeters and higher block densities;

 Reduced proportions of the street network terminating in dead-ends through the provision of

shorter culs-de-sac (i.e., ≤120m) with linking routes for pedestrian or bicycle access at the
termination point.

Walking for Recreation
 Higher area provisions of POS and access to larger (regional-sized) and medium-sized
neighbourhood parks;

 Provision of tree-lined footpath networks;

 Access, via footpath networks, to main-street configured neighbourhood centres with a
diversity of destinations within 800m.

These are outlined in Figure 10.2 as a hierarchy of requirements and represent those that

accounted for the greatest variance in the walking outcomes and/or were identified via the cluster
and interaction analyses. However, given the limited levels of implementation currently observed
in the evaluated developments at this stage, this represents a best attempt at sorting them into a

hierarchy. Nevertheless, the findings of this study largely reflect and extend the literature, thus the
hierarchy in Figure 10.2 would appear to be justified.

Moving from suburban sprawl to higher density living will require education of the general public,
as well as a comprehensive advocacy campaign aimed at persuading the public, government and

the private sector of the urgent need to change the way cities are built in the future. Collaboration,
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advocacy and leadership by an external public health group or body, such as the Heart Foundation,
for such a scheme or checklist, may create further public awareness. Indeed, a number of guides

and checklists for creating healthy and active neighbourhoods have been released (Planning
Institute of Australia and Heart Foundation 2008; National Heart Foundation of Australia 2009;
New York City Department of Design and Construction 2010).

COULD
Supportive requirements that add value
but by themselves do not create support
liveable neighbourhoods

Local pocket parks; street furniture and
lighting, water fountains, seating

SHOULD
Important requirements that
complement and work with the essential
requirements to create liveable

Shorter culs-de-sac lengths; external
access points; trees along footpaths;
medium-sized parks;

MUST
Essential, non-negotiable / mandatory
requirements

Figure 10.2

Medium or high residential density; mainstreet neighbourhood centres; diversity of
destinations; footpaths; culs-de-sac
linking routes; access to large POS;

Three-tiered hierarchy of LNG requirements important for encouraging and
supporting for walking for transport and recreation

However, moving beyond an advocacy guide, and similar to the principles of the LEED Green

Building Rating System (US Green Building Council 2009), the hierarchy of LNG features suggested

above could inform the development of a “Liveable Neighbourhoods Accreditation Scheme” or
checklist for development.

Developments could receive recognitions based on developer’s

implementation of a set of prerequisite or mandatory (i.e., ‘must’) requirements and a variety of

other credits from the important (i.e., should) and supportive (i.e., could) requirements.

If

endorsed by the Western Australian Planning Commission, or better still, if integrated as a
component of the approvals process for the LNG, this may stimulate ‘healthy’ competition amongst
developers. Importantly it would recognise leadership within the industry, whilst raising consumer
awareness of the benefits and demand for healthy design.
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The checklist may also have an added advantage for the retro-fitting of existing suburban

neighbourhoods. Existing areas could be assessed against the checklist to identify the features they

already contain, those that are currently missing, and the importance of the features that are
lacking (i.e., essential, important or supportive features).

This would facilitate targeted

intervention to retrofit and upgrade these with the necessary features to support walking
behaviours (Sallis, Bauman & Pratt 1998).

Additionally, the release of ‘Directions 2031’ sets out the spatial framework and strategic plan that

establishes a vision for future growth of the metropolitan Perth and Peel region. It highlights the
need to prioritise development of land that is already zoned, rather than zoning new greenfield

sites for development; and for infill project developments on brownfield sites to make more
efficient use of land and infrastructure. LNG currently addresses development on greenfield sites.
Work should be done to apply this to these types of development and set targets for its application
on brownfield and infill sites.

Incentives may need to be offered to developers to make

development on brownfield sites a more attractive prospect.

Finally, the new Public Health Act for Western Australia will require local government to prepare
public health plans in order to meet the objects of the legislation and to effectively promote and

protect public health in each local government district. This will include design of the built
environment and formally integrating health considerations into planning processes and programs
(Department of Health 2013). This provides a unique opportunity for public health departments to

collaboratively work with, and influence, planning departments and policy makers. Upon release of
the new Act, an important exercise will be for public health and physical activity researchers and

practitioners to formally identify the requirements of the LNG that are beneficial for walking,
physical activity and health.

10.5.1

Incentives

The observed disconnect between the principles of the LNG and its initial implementation by

developers and early on-ground outcomes suggests stronger, or different, incentives are required

to induce changes to conventional land development practices and encourage developers to adopt
the LNG principles and practices. Given the developers’ dissatisfaction and problems experienced
with the approvals processes, offering simpler and/or accelerated application and approval

processes may in fact have been a better and more beneficial incentive than a 2% reduction in the
required POS provisions. This is consistent with findings from the USA; where developers indicated

reduced processing fees and fast-tracked approvals processes would be the most important
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incentives for encouraging them to build traditional neighbourhood designs (Carnoske, Hoehner,
Ruthmann et al. 2010). The lack of sufficiently attractive incentives offered at the time the RESIDE

developments were being designed and approved, including those for major infrastructure or

community design features of the development (such as mixed use development), may also account
for omissions of certain LNG features and the low levels of compliance observed. A variety of
potential incentives are discussed below. These take the form of both ‘carrot’ approaches that offer

rewards for compliance; and ‘stick’ approaches that impose penalties for non-compliance or failure
to implement LNG requirements.

Prioritising major or larger structure plan or regional-sized projects applying LNG, over smaller

subdivision projects, may be another way to encourage developers to move away from their

isolated, piecemeal subdivision models of development. Similarly, developments containing the

mandatory LNG requirements could be given precedence in approvals processes and such
applications could be fast-tracked.

Community design features, such as main-street neighbourhood centres, were observed to have

assisted in the encouragement of walking (both for transport and recreation) in the developments

being evaluated. This suggests that it is warranted to consider providing incentives to private
sector developers that would facilitate the early installation and establishment of centres with a

mix of local businesses (e.g. shops, retail) and social infrastructure (e.g., public transport and
community services), as well as public open space (Giles-Corti, Bull, Knuiman et al. In Press).

The LNG could be more prescriptive in its tactics to ensure the delivery of walkable, liveable
neighbourhoods through the mandating or setting of standards for the number or mix of

community facilities (i.e., that favour physical activity or active living behaviours) that should be
installed in new developments (Allender, Gleeson, Crammond et al. 2009).

Incentives for the early installation and establishment of centres and other community facilities

could include the use of private-public partnerships and shared costs between the LGAs and

developers, or the payment of infrastructure levies or contributions by developers to LGAs to assist

in the development of these facilities. Residents living in amenity-rich neighbourhoods could also
contribute to funding the social infrastructure required to support healthy and sustainable living in
newly established areas (Giles-Corti, Bull, Knuiman et al. In Press). There also needs to be buy-in

and uptake of these opportunities from local businesses owners and a willingness to establish
themselves in these new areas. Incentives, such as reduced rents, lower taxes and reduced payroll
taxes, in the early phases of development will be required to encourage them to do so. Developers
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could also be granted tax breaks to allow them to charge cheaper rents for early establishment of

businesses in their mixed use areas. Similarly, the installation and maintenance of community
facilities and destinations should also be prioritised early in the development phase. Standards

could be set by the LNG (or the WAPC or LGAs) for the timing of their installation in new
developments. Incentives could be offered to encourage developers to engage in the construction of

neighbourhood centres and, importantly, to provide them early in development phases. More
effective monitoring and enforcement of the on-ground delivery of LNG projects might include
penalties for developers’ failure to provide these facilities in a timely fashion. The use of temporary
buildings to house essential infrastructure such as schools, child care and supermarkets, to

facilitate the early establishment of local services is another idea (Christian, Knuiman, Bull et al.
2012).

Directions 2031 sets out its intent to make amendments to existing local planning schemes and R-

codes to allow the WAPC to apply minimum densities for development (Western Australian

Planning Commission 2010). This should be in line with the residential densities identified in LNG
and would assist in removing the conflict with LGAs after sign-off by the WAPC. Density and

building height bonuses could be provided when a specified mix of uses is proposed and a high

level of pedestrian orientation is provided. This would allow developers to increase the residential

densities within their developments to support the provision of these mixed-use areas and allow
greater sales retuned from the residential portion of the development.

Since the second edition of the LNG the WAPC has re-standardised the road verge widths to 5m to

ensure adequate space within the verge for all services and utilities as well as street trees (Western
Australian Planning Commission 2009). The WAPC also presents a range of solutions to mitigate

the LGAs’ perceived barriers to street tree provision. It suggests the introduction of a two year

establishment phase for streetscapes by the developer prior to handover to the LGA. This would
require developers to plant and establish street trees for two summers, after which the trees will
need less watering and maintenance (Western Australian Planning Commission 2009).

The results of the process evaluation also have important policy implications for new housing
developments in regards to the age and maturity of the street trees planted. Established trees with

existing canopies of sufficient foliage could be planted to create tree lined streetscapes that

instantly begin to perform their desired role (e.g., providing shade for pedestrians) rather than
immature saplings that offer no immediate benefit and will time before they are able to do so.

Consideration of the tree species, and the size, and density of its tree canopy may also have
implications for the number of trees that are required to be planted. For example if trees capable of
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larger and denser canopies are selected, fewer may need to be planted which will take up less space
within the road reserve. Streets trees have also been shown to increase pavement life by 40-60%

as a result of fewer extremes of cooling and heating (expansion/contraction), reducing the costs

associated with pavement maintenance and re-paving (Burden 2006). Contemporary street tree
planting techniques and technology, using root barriers, will also help to minimise the damage

created by root structures (Western Australian Planning Commission 2009). Additionally, the
integration of water sensitive urban design initiative into the planting location of trees will help to
reduce and minimise water use and costs.

Finally, Carnoske (2010) suggests creating partnerships with influential developers from the

industry as a way to engage other developers. The use of demonstration projects applying LNG

principles with influential and well-known developers and the promotion of their perceived and

real (i.e., fiscal) benefits to others in the industry may be an important method of engaging the
development industry and encouraging developers to adopt the LNG in their own projects.

Similarly, the inclusion of case studies, or best practice examples within the LNG, as previously
suggested, may also offer another form of communication of the benefits to developers of adopting
and applying LNG within their developments.

10.5.2

Conflicting policies, standards and regulators

The WAPC has indicated that overlaps between the conventional planning policies (development
control policies – DCPs) and LNG will be progressively removed through a mixture of incorporation

into the LNG and rescission of redundant conventional policies. However, DCP matters not covered
by LNG will be retained (Western Australian Planning Commission 2013). The LNG document

needs to be more explicit in its identification of the LNG requirements that replace the DCPs and
those that contravene the retained DCPs and, importantly, under what circumstances each will
prevail.

The active involvement, buy-in and cooperation of local governments are essential in ensuring the
full application of the LNG principles into on-ground practices and outcomes. Indeed, the WA

Walking strategy (Premier’s Physical Activity Taskforce 2007) makes special mention of the

interagency collaboration that is required to meet and achieve the principles of LNG. LGAs are
responsible for establishing the planning controls of appropriate land-use, and densities in their

local planning schemes currently may differ from the standards set by LNG. This has created loopholes through which the LGAs have been able to negotiate ‘out’ LNG principles after approval of

development plans by the WAPC. More needs to be done to force LGAs to bring their planning
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controls in-line with the standards set by LNG, or for LNG to overrule local planning schemes, to
prevent continued breakdown of LNG principles into practice.

More stringent enforcement and monitoring or reporting procedures of on-ground implementation,
by both developers and LGAs, is essential to make both answerable and accountable against the on-

ground outcomes. It would also highlight when and where breakdowns in the LNG principles were
occurring.

10.5.3

Piecemeal and regional planning

Subdivision regulations govern street network design, placement of open space and connections

with adjacent developments and therefore the layout and form of entire communities (Frumkin,

Frank & Jackson 2004). The LNG recognises this, setting out a comprehensive approach to the

regional structuring of walkable neighbourhoods clustered to form towns with interconnected

streets. However, the trial nature of the LNG and its voluntary application at smaller project levels
meant it was not being applied at the scales intended under LNG.

It is difficult to deliver a

comprehensive LNG response in smaller subdivision developments as they do not consist of an

entire neighbourhood and therefore don’t contain the elements that would be expected to be
distributed throughout an LNG neighbourhood. When small developments are planned in an ad hoc
and piecemeal fashion it is difficult to ensure shops, services, places of work and other community

facilities and POS are provided and distributed equitably and within walking distances. Large LNG
applications perform better because they provide more opportunity to create neighbourhoods.

“The creation of walkable enclaves within regional sprawl, however delightful, may not reduce
automobile dependence or solve regional transportation and environmental problems . . . to reduce
automobile dependence it will be essential to begin to manage regional patterns of land use and
transportation while enhancing local liveability. Without such thinking, piecemeal efforts to create
imaginable and comfortable neighbourhoods will result in little more than the old suburbs in new
styles. Local efforts at creating convenient, less auto-dependent neighbourhoods and communities will
be more successful within a regional framework that provides transit infrastructure and that
encourages a denser pattern of development with mixed uses” (Southworth 1997, p.44)
Thus, there needs to be more genuine attempts at applying LNG at structure plan and regionalscaled projects as it was intended.

Additionally, as noted earlier, the development of new

neighbourhoods and piecemeal subdivisions needs to be regionally planned and co-ordinated.
Developers are not ‘town planners’ and are not necessarily interested in the wider picture or
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locality. Cohesion of the wider environment and of the walking, cycling and public transport
movement networks and community facilities and destinations is harder to achieve when adjacent

developments are managed by different developers and are built at different times (and according
to different guidelines).

LGA planning schemes should specifically map out and identify the locations of essential

community design facilities, such as schools, centres and POS, as well as pedestrian and bicycle
networks. The schemes should identify the responsibilities and contributions required from the

state, LGAs and private developers and where and what private developers need to contribute
towards the installation of these infrastructure and facilities. This could be achieved through the
pooling of land contributions from adjacent developments for POS or neighbourhood centres and
other social infrastructure.

For example, as part of the new Western Australian Bicycle Network Plan (WABNP) local

governments will be required to complete and maintain local bicycle plans as part of their town

planning schemes. These must include connections with neighbouring local authorities as well as

connecting to rail and bus stations, schools and centres (Department of Transport 2012). All
developments within the LGA should contribute towards the installation of these routes to ensure

continuity of access with and through adjacent developments and to the wider networks. A similar
approach could be used for other social and community infrastructures.

The introduction of the ‘Activity Centres Policy (Western Australian Government Gazette 2010)
may also assist in the future planning for local neighbourhood and town centres. This will identify

where centres of different hierarchical classifications are strategically needed, including intended
locations for district centres (i.e., LNG town centres). It states that the planning and development of

neighbourhood centres in new areas should be guided by local planning schemes or structure
plans.

Similarly, there is currently no explicit requirement under statutory or local government authority

planning frameworks to assess POS function, design or long-term management as part of new

residential development proposals (Carter 2012). It could be compulsory for all LGAs to develop

public open space strategies as part of their town planning schemes that maps and identifies the
current POS types, functions, designs and accessibility and which includes a plan and needs

assessment for the provision and distribution of district and regional open spaces. LGAs must then
assume responsibility for the assessment of POS provisions in all subdivision and development
applications against this strategy to ensure a co-ordinated and equitable approach to POS delivery
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across the LGA. This would guide the POS that developers are required to provide (based on the
current POS types present and those identified as lacking) and the amount of land that should be

reserved for larger grassed playing fields and active recreation or sports spaces, versus that of

smaller parks providing intimate opportunities for children’s play or for passive recreation. Where
necessary, it would force adjacent subdivisions to ‘pool’ their POS allowance/provisions in order to

create larger parks. The LNG could remain as a manual to provide guidance on different park types.

However, the prescriptive nature of parks that should actually be provided within each new

development would be governed by the LGA’s public open space strategy and POS needs. This
would need consultation with LGA planners in the early stages of a developments’ design process

so that developers, design consultants and landscape architects are aware of the POS requirements
but could lead to potential better on-ground POS outcomes and provisions.

10.5.4

Public transport

The process evaluation results indicated that there were increases in residential densities and

gradients around neighbourhood centres (where provided) as required under LNG. However,
because LNG allows for smaller subdivision developments it has not provided the scale of

development required to master plan significant public transport servicing improvements

(Falconer, Newman & Giles-Corti 2010). A severe lack of regional transport routes and services has
resulted. Collaboration between the Public Transport Authority, developers and local governments
is essential for providing effective and convenient public transport servicing.

There is a critical need for improved public transport routes serving the isolated outer suburbs that

better links homes with workplaces and other activities. Given the time and costs involved in
extending the current rail network, improved co-ordination and numbers of bus services linking

these suburban areas to the existing rail networks may be a more attractive solution. The WA
Bicycle Network Plan has indicated its intent to look more closely at the cycling routes within a 3km

radius of stations. This is a feasible distance for most people and takes about 10 minutes tom

complete. This would be an important undertaking given that the process evaluation revealed a

lack of formal bicycle routes to many of the developments located on the extremities of the current
metropolitan areas. The results also showed that around 49% of dwellings were within 5km of a
rail station, which would still be a feasible cycling distance. Nevertheless, better provisions of

bicycle storage and parking facilities at train stations will also be needed.

Increasing the density of future suburban development and ensuring access to public transport is
critical.

Public transport linkages should also be well coordinated between and through
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developments. Again, the identification of potential and needed public transport routes through

developments and linking destinations and community facilities should be set by the LGA in liaison
with the public transport authority. They should also identify the desired residential densities
along the routes or at specific stop and destinations to support these services. Developers should

then be required to meet these density targets. Additionally, the density targets set out in LNG may
need to be more ambitious and increased.

The new public transport strategy (Department of Transport 2011) identifies the public transport

network needed to support Perth’s growing population and to link the strategic centres and the

suburban areas on the extremities of the metropolitan region that are currently underserved. The

implementation of this strategy in the longer term will be an important step to enable LNG to
function as intended in its regional context.

10.5.5

Market demand and cost-benefits

Successful implementation of the LNG also requires a level of buy-in and willingness from

developers to adopt a new model of development and different housing stocks. Findings from
Curtis and Punter (Curtis & Punter 2004) identified that developers’ perceptions of market demand

and the economics and costs involved with adopting LNG principles were potential disincentives to
its use and application.

However, there are studies that indicate buyers do want many of the features of the LNG, and that
there is an audience and market for New Urbanist modelled developments. In a previous analysis
of the RESIDE study population, Giles-Corti et al (2008) found that after adjustment for sociodemographic characteristics, RESIDE participants moving into LNs were significantly more likely to

rate a range of LNG characteristics as important compared with those moving into conventionally
designed developments. These included nearby shops, services and public transport, ease of

walking and cycling, the presence of footpaths, closeness to parks and a sense of community.
Similarly, Dill (2006) also found that people moving into New Urbanist neighbourhoods in the USA

ranked the importance of having destinations and public transport within walking distance much
higher than those buying into conventional subdivisions. Research conducted by the Australian

Heart Foundation supported this notion, with respondents to a national survey indicating that
being within walking distance to a range of local services, public transport options, public open
space and having a well-connected network of footpaths and cycle paths would be ‘extremely’ or

‘very important’ to them when deciding where to live (National Heart Foundation of Australia
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2011). Studies such as these suggest that there is market demand for an alternative suburban
model and that developers who do adopt the principles of LNG will appeal to buyers.

Rabinski (2009) argues that investment in a variety of land uses provides diversification and has

advantages of decreasing reliance on a single market sector and thereby reducing risk. Regardless,
more work is needed to provide cost-benefit and economic arguments in support of Australian LNG,
New Urbanist or more traditional neighbourhood design projects in order to persuade developers
to adopt the LNG principles.

10.5.1

Review of the Liveable Neighbourhoods Guidelines

At the time the RESIDE neighbourhoods were approved for development, the LNG was a voluntary

code which developers could choose to implement in place of the conventional planning practices.
Accordingly, many developers were able to disregard the LNG entirely or were permitted to adopt

them its principles in an ad-hoc and fragmented manner. However, the LNG has now been adopted

by the WAPC and Western Australian government as the operational policy, to be applied to all
structure planning and subdivisions on greenfield sites and for the redevelopment of large

brownfield and urban infill sites (Western Australian Planning Commission 2013). In general, the
LNG now replaces the conventional planning policies (i.e., the development control policies).
Where conflict arises with existing policies, LNG is now meant to prevail unless it can be

demonstrated why the relevant LNG policies cannot, or should not, apply (Western Australian
Planning Commission 2013).

The WAPC has recently commissioned and announced a review of the Liveable Neighbourhood
Guidelines, which will be focused around five key questions and subsequent actions:
 What works? – aspects of LNG that have performed well to date.

 What can be improved? – areas that need to be improved to enhance performance.

 What hasn’t worked? – areas that have failed and need comprehensive review and re-work.
 What’s missing? – matters and issues currently not included in LNG and should be.
 What are the non-negotiable requirements that must be done?

The RESIDE project was conducted in collaboration with the Department of Planning. The results

of this thesis provide important answers and feedback to the questions now being asked of the LNG
by the Department of Planning and the Western Australian Planning Commission. The findings

offer insight, from a public health perspective, on how the LNG is being applied and whether the
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ways in which it is being implemented is bringing about intended walking outcomes. The findings
also have application beyond public health to the LNGs’ sustainability agenda. The evaluation has

identified possible gaps in both its principles and on-ground practices. Importantly it has also
offered potential solutions to ‘plug these gaps’. These solutions may assist in encouraging the
ongoing uptake, use, application and delivery of the LNG in new suburban developments.

10.6

Overview of original contribution to knowledge

This study is unique in its effort to evaluate the implementation of a ‘real-world’ government

planning policy focussed on healthy and sustainable suburban neighbourhood design; to consider

factors that facilitated or discouraged its implementation; and investigate its associations with
walking behaviour.

Moreover, it moves beyond previous studies in the field by developing

objective measures specific to the planning policy rather than relying on the more generic

measures of the built environment that have been used to date. The review of literature in Chapter
1 revealed that few studies internationally have been designed to evaluate planning policies that

determine how our neighbourhoods and cities are built, and which in turn influence residents’

opportunities and supports for walking and physical activity behaviours (Sallis, Bauman & Pratt
1998).

Brownson and colleagues (2009a) suggest that policy-relevant evidence should include both
quantitative and qualitative information and describe 3 key domains of evidence-based policy: (1)
process, to understand approaches to enhance the likelihood of policy adoption; (2) content, to

identify specific policy elements that are likely to be effective; and (3) outcomes, to document the
potential impact of policy.

The qualitative analysis undertaken in chapter 8 is essential for

recognising and identifying key factors that inhibit the implementation of policy and is critical to
furthering evidence-based policy development.

The process evaluation was focused on assessing the policy content and identifying the specific

policy elements that are likely to be effective in promoting walking behaviour – through the

documentation of the effects of the implemented policy.

Allender and colleagues (2009) have

found that evidence-based public health recommendations to planners and policy makers were

often provided without any obvious links to existing policies or legislation, which may account for
their lack of impact. Evidence on the effectiveness of their actual planning policies was reportedly

needed to influence their practices. The findings from this study are directly relevant to an
important operational planning policy in Perth, Western Australia. It offers a timely and unique
opportunity to provide directly relevant feedback from a public health perspective to the planners
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and policy-makers responsible for implementing this policy. The RESIDE study has been conducted

in partnership with the Department of Planning. The findings from the LNG evaluation will provide
feedback from an active living perspective to that Department for its ongoing development and
dissemination of the LNG through its LNG review process.

This study confirms previous research into the importance of the built environment for walking

and physical activity and health, providing robust evidence for the impact of a planning policy on

the walking behaviours of residents in suburban environments. Furthermore, the LNG evaluation

has responded to important and identified research priorities of the field (Sallis, Story & Lou 2009)
by advancing our understanding of the processes of implementation of a planning policy designed
to have positive public health impacts. Moreover, it has begun to identify the mix of specific policy
features required to maximise active living behavioural outcomes.

This study will contribute to scholarly knowledge to the fields of urban design and planning as well

as physical activity and health. The findings of this evaluation have a broader application beyond

the LNG and a West Australian context. The findings are of national (Australian) and international
significance given the similarities in planning practices within the different Australian States and

the US. Additionally, as the LNG was modelled on the theories and principles of New Urbanism, its

applications extend internationally to the application of these planning approaches.

10.7

Implications for future research

The findings from this evaluation highlight the importance of including process evaluation

measures of ‘dose’ and fidelity in natural experiments to better evaluate their effect and
associations with physical activity behaviours. The findings from this evaluation and the wider

RESIDE project also highlight the timelines required for the development and construction of new
neighbourhood and thus the implementation of planning policies or design codes.

This has

important implications for the design of natural experiments (longitudinal and cross-sectional) and
the timelines for evaluation and assessment of such policies with health behaviours.

A better understanding of the policy thresholds needed in order to bring about positive behavioural

changes is still required. An important area to look at may be how physical activity behaviours are
associated with the different phases of development and the different combinations and changes of
design features (or policy requirements) as a result of the phased installation of new developments.

This evidence is needed through the use of longitudinal studies to better understand the causal
relationship between planning policies, neighbourhood design and walking.

Detailed process
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evaluation is also needed to monitor and measure the levels of policy implementation over time.

The development of the policy specific measures in this evaluation provide a baseline measure

against which future monitoring of the RESIDE developments can be assessed, and the ongoing
impacts of the LNG evaluated with continued development.

Finally, the identification of thresholds for specific design features, such as the amount of public
open space required with different densities, or the mix of destinations that is most effective for

encouraging and supporting walking behaviour change will be an important area of research
moving forward. This is particularly important in a changing digital world where the provision of
post boxes and newsagents is becoming less relevant to daily living activity. Given the diversity of

measures currently being explored in the literature, future studies should seek to identify the
relative influence of these features with a view to establishing a hierarchy of design characteristics
that influence active living behaviours. Continued assessment of the appropriate mix of design
features (i.e., essential, important and supportive) will assist planners, policy makers and

practitioners to prioritise areas of planning policy implementation, especially when resources are
limited. It will also help inform future urban design codes and policies.

10.8

Final concluding remarks

This study enabled the impacts of a state government planning policy, which was designed to alter
the built environment of suburban localities on walking behaviours, to be assessed from a public

health perspective. In general, these results lend added support to the notion that residents in
walkable (i.e., in this case ‘liveable’) neighbourhoods may be more physically active. This is

consistent with the aims and objectives of the LNG and its intended outcomes. The findings of the

evaluation indicate that in general the principles of the LNG are indeed correct. However, there are

currently some gaps between its principles and on-ground practices which are currently adversely

affecting the intended outcomes and need fine tuning. The continued use of the LNG as a suburban

design policy for an alternative model of suburban development is warranted. Its continued usage
can be expected to impact positively on the walking and physical activity behaviours of residents

living in neighbourhoods designed and built according to its principles. At the same time, however,

retrofitting existing neighbourhoods to enable more people to make use of existing infrastructure
should remain a priority.
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Bolded p-values variables indicate the LNG features that met the entry requirement for inclusion into the multivariate models
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# pedestrian friendly access point per perimeter
(km)

External Connectivity and Integrated Development

Walkable Block Ratio

Block Density
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95%CI
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0.004

0.000
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1.01

1.18

1.04

1.00

1.68

1.11

1.00

OR
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0.99-1.02

0.92-1.51

0.53-2.05
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1.00
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1.00
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0.61-1.14
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0.70-1.85
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0.136

0.231

0.059

0.001
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p-value

≥60 mins of recreation walking
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≥60 minutes of walking per week
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≥5%

≥0.75
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2.36

1.00

1.01

≥0.5

<0.5

4.56

1.16

1.00

Percentage of residential lots on cul-de-sacs

Cul-de-sac Link Ratio

Cul-de-sac linking routes ratio

Cul-de-sac Lenght Ratio

<0.75

1.32

0.54

≥5-<10%

0.93

≥10-<20%

Cul-de-sac length ratio

Dead End Street Percentage

1.00

>20%

OR

0.15-22.1

0.99-1.03

1.08-5.16

1.03-20.2

0.50-2.69

0.53-33.1

0.48-1.52

0.29-1.01

0.52-1.68

95%CI

0.639

0.254

0.031

0.046

0.725

0.866

0.600

0.053

0.819

p-value

Any Walking for Transport

0.75

0.99

0.79

1.00

1.58

0.76

1.00

0.29

1.40

0.97

1.10

1.00

OR

0.30-1.30

0.98-1.01

0.50-1.24

0.57-4.39

0.48-1.22

0.07-1.28

0.91-2.15

0.55-1.71

0.56-2.16

95%CI

0.754

0.659

0.299

0.381

0.254

0.101

0.122

0.925

0.778

p-value

Any Walking for Recreation

ANY walking within the neighbourhood

1.96

1.00

2.03

1.00

4.69

1.16

1.00

0.87

0.98

0.59

0.93

1.00

OR

0.22-17.17

0.98-1.02

1.01-4.07

0.93-23.63

0.58-2.35

0.06-12.36

0.52-1.81

0.37-0.93

0.50-1.74

95%CI

0.542

0.962

0.046

0.061

0.675

0.921

0.936

0.025

0.822

p-value

≥60 mins of transport walking

0.73

1.00

0.67

1.00

0.86

0.80

1.00

0.36

1.93

1.33

1.77

1.00

OR

0.26-2.00

0.98-1.02

0.46-0.98

0.34-2.18

0.49-1.33

0.07-1.81

1.13-3.30

0.71-2.50

0.92-3.41

95%CI

0.538

0.654

0.041

0.748

0.391

0.213

0.017

0.378

0.091

p-value

≥60 mins of recreation walking

within the neighbourhood

≥60 minutes of walking per week

1.71
1.57
2.99
1.48

Footpath to road ratio

Sidewalk to road ratio (development-wide)

Sidewalk to road ratio within centre 400m catchment

% Road length with sidewalks

1.10

Footpath canopy coverage (% footpath covered by
tree canopy)
0.96-1.27

1.01-1.07

0.14-15.8

1.44-6.21

0.25-9.92

0.44-6.64

1.00-1.02

95%CI

0.184

0.004

0.748

0.003

0.629

0.438

0.010

p-value

1.02

1.02

2.08

3.12

2.62

2.14

1.02

OR

0.93-1.12

0.99-1.04

0.67-6.43

0.33-29.71

1.10-6.24

1.18-3.87

1.01-1.03

95%CI

0.618

0.162

0.206

0.323

0.029

0.012

0.000

p-value

Any Walking for Recreation

Bolded p-values variables indicate the LNG features that met the entry requirement for inclusion into the multivariate models

1.04

Number of trees per km of footpath

Streetscapes - Trees

1.01

Length of footpaths (km) within the development

Pedestrian Network (Footpaths and Sidewalks)

OR

Any Walking for Transport

ANY walking within the neighbourhood

1.09

1.03

1.56

4.10

1.50

1.51

1.01

OR

0.96-1.25

1.00-1.07

0.19-12.74

1.82-9.20

0.32-7.02

1.48-4.69

1.00-1.02

95%CI

0.187

0.027

0.678

0.001

0.610

0.481

0.024

p-value

≥60 mins of transport walking

1.01

1.02

2.39

3.68

3.62

2.90

1.01

OR

0.91-1.11

0.99-1.04

0.65-8.82

0.20-66.57

1.53-8.588

1.58-5.32

1.01-1.02

95%CI
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0.920

0.138

0.193

0.378

0.003

0.001

0.001

p-value

≥60 mins of recreation walking

within the neighbourhood

≥60 minutes of walking per week

1.00
2.32

Mean Lot Size (m2)

Lot Mix Score (# of different lot size bands)

410 | P a g e

1.05

Percentage land area of small lots (≤350m2)

1.34

≥15/ha

1.03

1.00

<15/ha

Percentage of ‘small’ lots (≤350m2)

Lot Size and Diversity

Net Residential dwelling Density
around bus stops

1.07

1.10

≥20 dw/ha

Gross Residential Dwelling density

0.99

≥16 - <20
dw/ha

1.10

1.00

12.0-<16
dw/ha

Net Residential Dwelling Density

Net Residential dwelling Density

Residential Density

OR

0.81-2.17

0.99-1.00

1.01-1.10

1.00-1.06

0.72-2.49

0.85-1.34

0.95-1.19

0.39-3.10

0.51-1.90

95%CI

0.264

0.696

0.014

0.052

0.352

0.570

0.306

0.861

0.974

p-value

Any Walking for Transport

0.76

1.00

1.02

1.01

1.46

1.00

1.04

1.03

1.14

1.59

OR

0.47-1.22

0.99-1.00

0.99-1.06

0.99-1.04

0.94-2.26

0.92-1.17

0.96-1.10

0.79-1.66

1.06-2.40

95%CI

0.255

0.484

0.235

0.448

0.090

0.542

0.416

0.480

0.026

p-value

Any Walking for Recreation

ANY walking within the neighbourhood

Univariate Results of Lot Layout Features and Walking for Transport and Recreation Outcomes

1.14

1.00

0.99

0.99

0.90

1.00

0.82

0.92

0.71

0.68

1.00

OR

0.69-1.90

0.99-1.01

0.93-1.04

0.95-1.03

0.43-1.90

0.68-0.98

0.82-1.04

0.33-1.52

0.29-1.61

95%CI

0.601

0.122

0.604

0.683

0.788

0.026

0.163

0.379

0.383

p-value

≥60 mins of transport walking

0.63

0.99

1.03

1.02

1.42

1.00

1.05

1.05

1.50

1.27

1.00

OR

0.39-1.01

0.99-1.00

1.00-1.07

0.99-1.04

0.86-2.34

0.92-1.19

0.97-1.13

0.91-2.47

0.79-2.04

95%CI

0.054

0.121

0.069

0.176

0.168

0.461

0.238

0.114

0.321

p-value

≥60 mins of recreation walking

within the neighbourhood

≥60 minutes of walking per week

1.61
1.84

5, 6 or 7

1.00

2, 3 or 4

1

0.81-3.20

0.81-3.20

95%CI

0.092

0.171

p-value

1.50

1.51

1.00

OR

1.77-2.92

1.03-2.21

95%CI

0.235

0.036

p-value

Any Walking for Recreation

Bolded p-values variables indicate the LNG features that met the entry requirement for inclusion into the multivariate models

Net Residential dwelling Diversity
(number of different dwelling types)

Housing Diversity

OR

Any Walking for Transport

ANY walking within the neighbourhood

2.00

1.77

1.00

OR

0.81-4.93

0.76-2.13

95%CI

0.132

0.186

p-value

≥60 mins of transport walking

1.31

1.51

1.00

OR

0.60-2.86

0.97-2.34

95%CI
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0.492

0.070

p-value

≥60 mins of recreation walking

within the neighbourhood

≥60 minutes of walking per week

Yes

No

1.07

1.13

1.06

1.09

1.01

Number of local parks within the development

Number of small neighbourhood parks within
the development

Number of medium neighbourhood parks
within the development

Number of large neighbourhood parks within
the development

Number of district parks within the
development
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1.04

1.18

1.00

1.03

Total number of parks within the development

Number of Parks within the Development

≥10% parkland provision

Percentage land area = parks

Parkland Provision

OR

0.67-1.53

0.97-1.23

1.01-1.11

0.99-1.28

0.98-1.16

1.02-1.07

0.60-2.30

0.98-1.09

95%CI

0.956

0.151

0.014

0.064

0.153

0.002

0.635

0.259

p-value

Any Walking for Transport

0.91

1.05

1.07

0.95

1.07

1.03

1.20

1.00

1.02

OR

0.69-1.19

0.94-1.17

1.02-1.11

0.86-1.05

1.01-1.41

1.01-1.05

0.73-1.94

0.97-1.07

95%CI

0.476

0.375

0.004

0.333

0.035

0.006

0.490

0.472

p-value

Any Walking for Recreation

ANY walking within the neighbourhood

Univariate Results of Public Parkland Features and Walking for Transport and Recreation Outcomes

1.10

1.15

1.06

1.12

1.06

1.04

1.14

1.00

1.02

OR

0.74-1.62

0.98-1.34

1.00-1.14

0.99-1.25

0.98-1.15

1.01-1.08

0.55-2.70

0.97-1.08

95%CI

0.651

0.082

0.047

0.065

0.151

0.021

0.767

0.411

p-value

≥60 mins of transport walking

0.93

1.03

1.06

0.92

1.06

1.02

1.32

1.00

1.03

OR

0.72-1.20

0.92-1.16

1.01-1.11

0.81-1.04

0.99-1.13

1.00-1.05

0.84-2.09

0.99-1.08

95%CI

0.555

0.581

0.023

0.188

0.119

0.080

0.231

0.146

p-value

≥60 mins of recreation walking

within the neighbourhood

≥60 minutes of walking per week

Regional Park accessible within
2.5km

District Park accessible within
1km

Large Neigh park accessible
within 400m

Med Neigh park accessible within
400m

Small Neigh park accessible
within 400m

Local park accessible within
200m

Any (sized) park accessible
within 400m

Access (Distances) to Parks

2.01

1.00
1.50

1.00
0.93
1.00
0.52
1.00
0.64
1.00
1.19
1.00
3.11

No

Yes

No

Yes

No

Yes

No

Yes

No

Yes

2.13-4.55

0.63-2.24

0.29-1.43

0.24-1.13

0.44-1.96

0.000

0.590

0.279

0.097

0.848

0.007

3.23

Yes

1.4-7.6

1.00

1.00

No

1.10

1.00

0.59

1.00

1.40

1.00

1.10

1.00

0.42

0.46

1.00

OR

Yes
0.080

p-value

1.00
0.20-1.10

95%CI

1.00-2.25

0.72-1.69

0.29-1.23

0.98-1.99

0.69-1.70

1.1-3.8

0.19-0.92

95%CI

0.052

0.658

0.162

0.061

0.728

0.029

0.030

p-value

Any Walking for Recreation

No

OR

Any Walking for Transport

ANY walking within the neighbourhood

2.83

1.00

0.94

1.00

1.66-4.82

0.48-1.84

0.000

0.847

1.73

1.00

1.23

1.00

0.68

1.35

1.00

1.42

1.00

2.96

1.00

0.31

1.00

OR

0.40

0.001

0.312

0.335

0.000

0.000

p-value

1.00
0.23-0.69

035-1.40

0.77-2.18

2.67-19.17

0.06-0.41

95%CI

1.10-2.72

0.81-1.89

0.30-1.55

0.92-1.98

1.00-2.00

1.66-5.27

0.13-0.72

95%CI
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0.017

0.340

0.358

0.129

0.047

0.000

0.006

p-value

≥60 mins of recreation walking

1.00

0.70

1.00

1.29

1.00

7.15

1.00

0.15

1.00

OR

≥60 mins of transport walking

within the neighbourhood

≥60 minutes of walking per week

0.81
1.00
0.58

≥50%
<75%
≥75%
0.26-1.33

0.42-1.57

1.06-1.34

1.03-1.12

1.01-1.11

0.87-1.86

0.197

0.537

0.003

0.000

0.022

0.215

0.85

1.00

0.74

1.00

0.99

1.03

1.02

1.05

0.49-1.46

0.52-1.06

0.93-1.05

0.99-1.08

0.96-1.08

0.78-1.42
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0.549

0.097

0.648

0.082

0.560

0.748

p-value

Bolded p-values variables indicate the LNG features that met the entry requirement for inclusion into the multivariate models

Park surveillance: Average ratio
of surrounding roads

Park surveillance: % of
perimeter with lots fronting

1.00

1.19

Number of parks (any size within the
development) with sports

<50%

1.07

Number of parks (any size within the
development) with GOS

Park Frontage and Surveillance

1.06

1.27

Number of parks (any size within the
development) with play equipment

Parkland Provision

Average number of parks accessible from
the development within 400m

95%CI

OR

p-value

OR

95%CI

Any Walking for Recreation

Any Walking for Transport

ANY walking within the neighbourhood

0.58

1.00

0.77

1.00

1.27

1.08

1.08

1.34

OR

0.26-1.29

0.40-1.48

1.14-1.42

1.03-1.14

1.02-1.14

0.93-1.91

95%CI

0.183

0.434

0.000

0.003

0.006

0.113

p-value

≥60 mins of transport walking

0.69

1.00

0.84

1.00

0.97

1.02

1.00

1.10

OR

0.42-1.12

0.56-1.26

0.88-1.07

0.98-1.07

0.93-1.07

0.84-1.45

95%CI

0.133

0.405

0.564

0.249

0.905

0.487

p-value

≥60 mins of recreation walking

within the neighbourhood

≥60 minutes of walking per week
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Appendix 7

Outcome Evaluation: Cluster analysis descriptive and
ANOVA results
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Cluster
1

Cluster
2

Cluster
3

Cluster
4

p value

Number of different bus routes through development

16.67

1.60

2.00

2.70

0.000

Number of weekday bus services

81.00

12.20

5.40

14.09

0.001

Number of weekend bus services

41.67

7.00

2.80

9.09

0.019

Total number of weekly bus services

122.67

19.20

8.20

23.17

0.002

Average distance to nearest primary school

1085.53

1137.35

3566.16

1270.73

0.049

Activity centre within development diversity score 1

4.5

4.0

3.0

3.17

0.042

Activity centre within development diversity score 2

5.75

4.0

3.0

3.5

0.013

LN Requirement
Community Design

Distance to activity centre

1205.30

846.682

2153.46

1381.01

0.117

% houses within 400m of an activity centre

4.61

17.39

0.87

8.61

0.532

Activity centre within 400m destination diversity score 1

3.34

2.37

2.96

3.43

0.822

Activity centre within 400m destination diversity score 2

4.66

3.38

3.95

4.63

0.841

Average distance to the nearest bus stop

425.43

484.11

409.04

425.47

0.845

% houses within 400m of bus stop

51.97

34.42

52.35

52.95

0.532

% houses within 800m of train station

0.00

0.00

0.00

4.55

0.800

% houses within 400m of primary school

6.19

9.31

9.00

6.70

0.962

School walkability index (400m SA)

1.33

1.47

1.40

1.36

0.929

School surrounding roads % (400m SA)

67.44

74.90

73.28

77.07

0.916

Connected Node Ratio

0.74

0.76

0.78

0.87

0.018

Mean block perimeter

567.92

547.99

530.77

451.31

0.024

Walkable block ratio

0.70

0.75

0.68

0.85

0.013

Number of external access points per perimeter km

1.61

4.74

2.43

4.25

0.043

Movement Network

Walkable roads ratio

0.92

0.99

0.93

0.97

0.010

Dead End St %

17.59

20.10

10.51

4.27

0.000

Average cul-de-sac length

94.00

103.31

72.34

53.28

0.000

Cul-de-sac length ratio

0.71

0.70

0.86

0.91

0.004

Mean number of lots per cul-de-sac

20.69

20.22

10.45

9.63

0.000

Cul-de-sac lot ratio

0.61

0.69

0.89

0.91

0.008

% lots on cul-de-sacs

33.95

33.77

15.32

5.87

0.000

Footpath km per ha

0.07

0.10

0.10

0.18

0.001

Footpath to road ratio

0.55

0.59

0.72

0.91

0.004

Roads with sidewalks ratio

0.48

0.57

0.64

0.75

0.001

Access roads with sidewalks ratio

0.48

0.55

0.66

0.76

0.001

Cycle path length within development (km)

15.51

3.31

5.11

3.05

0.023

Cyclable roads ratio

0.92

0.99

0.93

0.97

0.010

Footpath tree canopy coverage

7.60

4.71

2.70

4.04

0.007

Block density

0.34

0.50

0.35

0.83

0.207

Number of external access points

13.00

16.00

14.80

15.35

0.130

Cul-de-sac link ratio

0.39

0.34

0.24

0.21

0.565

Total length of footpaths within development (km)

23.09

6.76

15.97

13.76

0.594

Cycle path to road ratio

0.37

0.25

0.15

0.15

0.109

Number of trees per footpath km

35.71

35.96

17.75

29.78

0.070
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Cluster
1

Cluster
2

Cluster
3

Cluster
4

p value

Gross residential dwelling density

6.69

9.52

5.46

10.52

0.023

Net residential dwelling density

14.37

16.37

14.28

19.63

0.046

Net residential lot density

13.79

16.13

14.21

18.53

0.015

Mean lot size

736.21

626.66

709.36

560.56

0.000

Number of house types

4.33

2.20

1.20

2.43

0.040

Net Residential dwelling density within bus stop 250m
service area

13.98

15.85

12.99

18.46

0.089

Number of different lot size bands

4.67

4.00

4.40

4.52

0.515

% small lots

LN Requirement
Lot Layout

2.71

0.41

0.94

7.36

0.719

2

0.18

0.25

0.18

0.41

0.121

% lots 550-750m2

0.67

0.66

0.71

0.47

0.121

2

0.09

0.08

0.07

0.03

0.168

0.03

0.01

0.03

0.01

0.199

Residential area occupied by single dwellings

95.97

97.42

99.68

95.04

0.377

Gross Residential dwelling density within bus stop 250m
SA

5.69

7.92

4.21

8.83

0.181

Gross Residential dwelling density within activity centre
400m SA

5.68

9.25

5.51

6.02

0.467

Net Residential dwelling density within activity centre 400m
SA

15.22

14.40

17.19

18.56

0.360

% Change in small lots in AC 400m SA

25.74

3.51

0.00

6.67

0.564

AC 400m SA % small lots

29.81

4.69

0.00

9.93

0.579

Number of regional-sized parks within development

2.33

0.80

0.00

0.48

0.023

Number of small-neigh-sized parks within development

3.67

0.20

1.20

0.70

0.000

Average distance to nearest park

215.59

167.47

463.91

188.18

0.000

Average distance to nearest regional park

1109.08

809.77

2894.13

1036.00

0.002

% lots 350-550m

% lots 750-950m
% lots >950m

2

Public Parkland

% houses within 400m of any park

84.47

93.91

48.56

89.55

0.001

% houses within 2.5km of a regional park

94.82

100.00

40.08

95.34

0.000

% land area parks

11.88

13.68

5.85

9.25

0.186

Total number of parks within development

18.33

5.00

7.00

6.78

0.109

Number of local parks within development

4.33

1.20

0.60

1.52

0.109

Number of neighbourhood-sized parks within development

10.33

2.60

5.60

4.39

0.222

Number of district-sized parks within development

1.33

0.40

0.80

0.39

0.195

Number of medium-sized neigh parks within development

4.00

2.00

4.20

2.74

0.734

Number of large-sized neigh parks within development

2.67

0.40

0.20

0.96

0.184

% parkland area = local parks

2.46

1.38

1.23

9.79

0.707

% parkland area = small neigh parks

4.43

3.04

24.96

6.03

0.195

% parkland area = med neigh parks

12.85

37.90

48.02

34.60

0.525

% parkland area = large neigh parks

16.80

14.13

2.57

17.21

0.560

% parkland area = district parks

14.36

12.83

23.22

16.08

0.929

Average distance to nearest local park

656.02

1087.69

1398.98

940.46

0.623

Average distance to nearest small neigh park

894.98

952.20

832.04

766.76

0.881

Average distance to nearest med neigh park

630.69

359.43

621.09

479.66

0.508
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LN Requirement

Cluster
1

Cluster
2

Cluster
3

Cluster
4

p value

Average distance to nearest large neigh park

1442.42

1366.67

1651.53

1183.93

0.784

Average distance to nearest district park

1019.57

855.31

2245.35

1220.24

0.094

% houses within 200m of local park

14.16

5.32

1.86

11.75

0.312

% houses within 400m small neigh park

19.74

14.86

14.57

30.82

0.370

% houses within 400m med neigh park

37.74

62.66

34.46

48.67

0.567

% houses within 400m large neigh park

12.95

16.76

4.85

24.53

0.522

% houses within 600m district park

36.75

54.90

7.81

30.40

0.193

% houses within 1km district park

55.17

78.16

11.90

50.42

0.110

Average number of parks accessible within 400m

2.06

2.07

1.43

2.34

0.169

% parks (within the development) with play equipment

46.86

47.33

54.87

34.95

0.540

% parks (within the development) with seating

67.03

65.50

42.56

64.54

0.631

% parks (within the development) with grassed open space

70.53

71.00

97.18

60.56

0.221

% parks (within the development) with sports

23.32

9.00

9.49

7.56

0.149

Average park perimeter road surveillance

0.45

0.57

0.50

0.52

0.768

% parks meet 75% perimeters road surveillance

65.00

60.20

80.40

56.65

0.451

Average % of lots surrounding parks that FACE the park

72.0

77.0

81.8

77.2

0.928

Average ratio of park perimeter with lots facing

0.74

0.79

0.84

0.77

0.733
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Appendix 8

List of related awards, publications and
Awards

presentations

 Planning Institute of Australia 2013 Western Australian Awards for Planning Excellence:
Cutting Edge Research and Teaching Award for outstanding achievement in planning,
scholarship, research or teaching.
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Book Chapters
 Hooper, P., Foster, S. Nathan, A. and Giles-Corti, B. (2012) Built environmental supports for
walking in Ainsworth, B. and Macera, C. (eds), Physical Activity and Public Health Practice,
Taylor and Francis.

Peer Review Publications
First Author
 Hooper, P., Middleton, N., Giles-Corti, B., Knuiman, MK. Measurement Error in Studies of the
Built Environment: Validating Commercial Data as Objective Measures of Neighborhood
Destinations. Journal of Physical Activity and Health. In Press. [Impact Factor: 1.857]
Co-Author
 Christian, HE., Bull, FCL., Middleton, N., Giles-Corti, B., Knuiman, MW., Divitini, M., Hooper, P.,

Amarasinghe, A. (2011). How important is the land use mix measure in understanding walking
behaviour? Results from the RESIDE study. International Journal of Behavioural Nutrition and
Physical Activity, 8: 55.

 Ogilvie, D., Giles-Corti, G., Hooper, P., Yang, L. And Bull, F. (2010). Methods for Researching the
Physical Activity Impacts of `Natural Experiments` in Modifying the Built Environment. Journal
of Physical Activity and Health, 7 (Suppl 3), S341-S355.

 Edwards, N, Hooper, P, Trapp, GSA, Bull, F, Boruff, B & Giles-Corti, B 2013, 'Development of a

Public Open Space Desktop Auditing Tool (POSDAT): A remote sensing approach', Applied
Geography, vol. 38, no. 0, pp. 22-30.

 Nathan, A, Pereira, G, Foster, S, Hooper, P, Saarloos, D & Giles-Corti, B 2012, 'Access to
commercial destinations within the neighbourhood and walking among Australian older
adults', International Journal of Behavioral Nutrition and Physical Activity, vol. 9, no. 133.

Invited presentations and dissemination of work
 Hooper, P. Bull, FC. Liveable Neighbourhoods and Healthy Active By Design. Invited oral

presentation to the “Healthy Active By Design” Project Management and Advisory Group: 31st

January 2012
 Hooper P. Identifying Activity Centres as part of an evaluation of implementation of the
Liveable Neighbourhoods Community Design Code.

Invited oral presentation with the

Department of Planning and Infrastructure’s Activity Centres Monitoring Group, 27th January
2012.
 Hooper P. Policy Implementation: An evaluation of the “Liveable Neighbourhoods Community

Design Code. Invited oral presentation at the Department of Planning and Infrastructure’s
Information and Training Session, 7th October 2011.

 Hooper P. Quantifying Policy Implementation: An Evaluation Framework & Development of
objective (GIS) Measures to Assess Implementation of the “Liveable Neighbourhoods
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Community Design Code. Invited oral presentation: Planning Institute of Australia (WA Division)
State Conference: Future Proofing Communities; 9-10 September; Perth, WA. 2010

 Hooper P. Quantifying Policy Implementation: An Evaluation of the “Liveable Neighbourhoods

Community Design Code. Invited oral presentation to the Centre for the Built Environment and
Health’s Advisory Board 25th October 2011.

 Hooper P. Quantifying Policy Implementation: A Framework for the Evaluation of the “Liveable
Neighbourhoods Community Design Code. Invited oral presentation to the Centre for the Built
Environment and Health’s Advisory Board 9th October 2009.

Conference Presentations
 Hooper P. Are our neighbourhoods liveable? Development of a GIS based evaluation
framework to assess the "Liveable Neighbourhoods Community Design Code".

Oral

presentation: The International Symposium on Digital Earth and WALIS; 23 August 2011; Perth,
Australia. 2011
 Hooper P. Quantifying policy implementation: An evaluation of the "Liveable Neighbourhoods

Community Design code". Oral presentation: International Symposium of Behavioral Nutrition

and Physical Activity (ISBNPA); 15-19 June 2011; Melbourne, Australia. 2011

 Hooper, P.L., Quantifying Policy Implementation: A Framework for the Evaluation of the

Liveable Neighbourhoods Community Design Code. Oral symposium presentation: Giles-Corti, B.,

Olgilvie, D., Yang, L., Hooper, P.L. Methods for researching the physical activity impacts of
natural experiments in modifying the built environment. Third International Congress on Physical
Activity and Health, Toronto, Canada, 5-8th May 2010

 Hooper, P.L., Middleton, N., Giles-Corti, B., Knuiman, M. Assessing measurement error in

studies of the built environment: Validating objective measures of neighbourhood

destinations. Poster presentation: 3rd International Congress on Physical Activity and Health,

Toronto, Canada, 5-8th May 2010

 Hooper, P.L., Middleton, N., Giles-Corti, B., Knuiman, M. Fit for purpose? Validating secondary

data as objective measures of the neighbourhood environment in physical activity

research. Poster presentation: The 7th National Physical Activity Conference – Be active ’09,

Brisbane, Australia, 5th-8th May 2009.

 Hooper, P.L., Middleton, N., Giles-Corti, B., Knuiman, M. Objective Measurement of the Built
Environment: Validating Secondary Data on Neighbourhood Destinations and Land Uses.

Oral presentation: Australian Health Promotion Association (AHPA) conference, Perth, Western
Australia; 18th May 2009
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