
Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=rupt20

Urban, Planning and Transport Research
An Open Access Journal

ISSN: (Print) 2165-0020 (Online) Journal homepage: https://www.tandfonline.com/loi/rupt20

Assessing the accessibility of activity centres
and their prioritisation: a case study for Perth
Metropolitan Area

Md Moniruzzaman, Doina Olaru & Sharon Biermann

To cite this article: Md Moniruzzaman, Doina Olaru & Sharon Biermann (2017) Assessing the
accessibility of activity centres and their prioritisation: a case study for Perth Metropolitan Area,
Urban, Planning and Transport Research, 5:1, 1-21, DOI: 10.1080/21650020.2017.1295817

To link to this article:  https://doi.org/10.1080/21650020.2017.1295817

© 2017 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group

Published online: 01 Mar 2017.

Submit your article to this journal 

Article views: 1694

View Crossmark data

https://www.tandfonline.com/action/journalInformation?journalCode=rupt20
https://www.tandfonline.com/loi/rupt20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/21650020.2017.1295817
https://doi.org/10.1080/21650020.2017.1295817
https://www.tandfonline.com/action/authorSubmission?journalCode=rupt20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=rupt20&show=instructions
http://crossmark.crossref.org/dialog/?doi=10.1080/21650020.2017.1295817&domain=pdf&date_stamp=2017-03-01
http://crossmark.crossref.org/dialog/?doi=10.1080/21650020.2017.1295817&domain=pdf&date_stamp=2017-03-01


Urban, Planning and TransPorT research, 2017
Vol. 5, no. 1, 1–21
https://doi.org/10.1080/21650020.2017.1295817

Assessing the accessibility of activity centres and their 
prioritisation: a case study for Perth Metropolitan Area

Md Moniruzzamana, Doina Olarub   and Sharon Biermannc

adepartment of geography and Planning, University of Toronto, Toronto, canada; bUWa business school, The 
University of Western australia, crawley, australia; cPlanning and Transport research centre (PaTrec), The 
University of Western australia, crawley, australia

ABSTRACT
The primary objective of this study was to ascertain, through analysis 
of accessibility and development potential, which activity centres 
should be prioritised to support decentralisation of jobs, encourage 
better integration of transport and land use and ultimately aid the 
evaluation of a more compact, consolidation and connected city. In 
doing so, this study evaluated and compared the existing accessibility 
of different geographic units across the city, including the 34 activity 
centres identified by the Government of Australia, by the two most 
frequently use transport modes, namely – public transport and car. 
The analysis of this study has two parts. Firstly, an isochrone-based 
measure of accessibility was used for an accessibility modelling 
across the Perth Metropolitan Area in Western Australia. Secondly, 
using six node-place based indicators, this paper also endeavoured 
to prioritise the geographic units that are already better served by 
public transport, as indicated by the accessibility analysis. Multi-
criteria weighed scoring method was applied to calculate a score out 
of 100 for each of the geographic units. The results of this analysis 
could help to identify activity centre(s) and other areas in Perth, if 
any, with higher potentials of being a Transit Oriented Development 
(TOD) supportive activity centre.

Highlights

•  Existing accessibility of the activity centres and potential areas was assessed.
•  Prioritisation of the areas with higher public transport accessibility was determined.
•  Isochrone-based measures of accessibility were used for the accessibility modelling.
•  A multi-criteria weighted scoring method was applied to the node-place indicators 

for the prioritisation.
•  Dominance of Perth Central Business District and surroundings as highly public 

transport accessible areas.
•  There are certain areas across the Perth with better potentials to be activity centres.
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1. Introduction

The concept of accessibility has been around for long in the transport research arena and 
has also been used in a broad variety of applications, including access to health care services 
(Cimaroli, Páez, Newbold, & Heddle, 2012; Horner & Mascarenhas, 2007), social exclusion 
(Bocarejo & Oviedo, 2012; Preston & Raje, 2007; Scott & Horner, 2008) and food deserts 
(Bertrand, Therien, & Cloutier, 2008; Páez, Mercado, Farber, Morency, & Roorda, 2010b). 
The concept gained such popularity due to the fact that it provides a consolidated measure of 
the interrelation between land use and transport systems (Cascetta, Cartenì, & Montanino, 
2016; Dong, Ben-Akiva, Bowman, & Walker, 2006; Morris, Dumble, & Wigan, 1979; Wang, 
Monzon, & Ciommo, 2015). The community of planning and transport practitioners agree 
that accessibility is a ‘measure of spatial separation of human activities’ (Morris et al., 1979, 
p. 91). Specifically, it denotes the ease of reaching facilities required by individuals to per-
form their daily activities with a choice of travel (Dong et al., 2006; Geurs & van Wee, 2004; 
Handy & Niemeier, 1997; Kitamura, Akiyama, Yamamoto, & Golob, 2001; Kwan & Weber, 
2003; Scott and Horner, 2008). Since accessibility is a function of land uses and transport 
systems connecting the land uses, it was previously used to evaluate and compare the per-
formance of transport projects to identify areas that are currently under-provided (Horner 
& Mascarenhas, 2007; Kwan, 1998; Morris et al., 1979). In many cases around the world, 
measures of accessibility became an important tool in developing policies for urban and 
regional planning (Páez, Scott, & Morency, 2012) and, thus is being used as a fundamental 
basis for dialogue between transport authorities and actors in the supply of transport ser-
vices that would eventually improve the accessibility through the development of transport 
networks (Cascetta et al., 2016; Halden, 2002; Wang et al., 2015).

The accessibility measures evolved in time and there are numerous classifications (Curtis 
& Scheurer, 2010; Dong et al., 2006; Geurs & van Wee, 2004; Handy & Niemeier, 1997; Miller, 
1991; Páez, 2004; Páez, Mercado, Farber, Morency, & Roorda, 2010a; Páez, Moniruzzaman, 
Bourbonnais, & Morency, 2013; Páez et al., 2010b, 2012; Rietveld & Bruinsma, 1998). Handy 
and Niemeier (1997) summarised the accessibility measures in three categories, namely – 
isochrone or cumulative opportunity, gravity-based, and utility-based (See for more details: 
Handy & Niemeier, 1997). These measures are capable of providing insights into the acces-
sibility of particular facilities (e.g. hospital) or zones (e.g. Census Tracks) or individuals.

Using the concept of time-geography (e.g. space-time prism), researchers (Kim & Kwan, 
2003; Kwan, 1998, 1999; Kwan, Murray, O’Kelly, & Tiefelsdorf, 2003; Levinson, 1998; Miller, 
1991, 1999) introduced another measure of accessibility which they term the space-time 
measure of accessibility. The space-time accessibility measure uses individual’s location 
(space) and activity sequence (time) as constraints to limit activity participations by the 
individual. Dong et al. (2006) introduced an ‘activity-based’ measure of accessibility which 
is actually an improved version of the utility-based measure where they incorporated the 
concept of activity sequencing in calculating accessibility. More specifically, instead of con-
sidering discrete trips made by individuals, the activity-based measure accounts for all 
activities performed by an individual throughout a day and the sequencing of those activi-
ties. It also considers trip chaining for the trips made the individual. As such, activity-based 
measures are more rigorous than discrete measures.

There are however trade-offs between data requirements and ease of communicating 
the results for policy-making (Handy & Clifton, 2001). For instance, the simplest isoch-
rone-based measure requires fewer data for calculations and is more easily communicated 
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to the general public, although it ignores individual’s activity scheduling. Conversely, the 
complex space-time prism-based measure demands sophisticated data and is harder to 
understand but it is richer and more realistic. The current paper therefore applies a simple 
isochrone-based measure in calculating the accessibility of activity centres (to be defined 
in the following paragraph). This measure of accessibility was widely used in the past 
for identifying spatial differences, for highlighting places with good access or places that 
may need interventions to increase their accessibility (Lopez, Gutierrez, & Gomez, 2008; 
Moniruzzaman & Páez, 2012; O’Sullivan, Morrison, & Shearer, 2000; Raja, Ma, & Yadav, 
2008; Straatemeier, 2008; Straatemeier & Bertolini, 2008; Wang & Luo, 2005).

In the urban studies literature, an activity centre is defined as an area with higher concen-
trations of employment than the concentration in its surrounding areas (Casello & Smith, 
2006). The Government of Western Australia identified 34 activity centres across the Perth 
Metropolitan Area. They also promoted Transit Oriented Development (TOD) across the 
city where activity centres would be well-connected by public transport infrastructure, with 
the future goal to improve the growth of the activity centres by means of urban regeneration 
and densification of existing built-up areas, which they referred as a ‘Network City’ (State 
of Western Australia, 2010). In doing so, the state planning document outlines a spatial 
planning framework and strategic plan based on transforming the linear development into 
a more compact and connected development of the city, with particular emphasis on the 
activity centres, with good coverage of public transport services (State of Western Australia, 
2010). This however prompts a research question how the state government would select 
activity centres in different phases of their development. Specifically, the planning docu-
ment neglects highlighting which activity centres have higher TOD potential and therefore 
should be prioritised for future development. Furthermore, it is also important to identify 
if there are any other areas across the city that have better potentials for TOD however the 
planning document did not identify them as activity centres.

Therefore, the primary objective of this study was to ascertain, through analysis of acces-
sibility and development potential, which activity centres should be prioritised to support 
decentralisation of jobs, encourage better integration of transport and land use and ulti-
mately aid the evaluation of a more compact, consolidation and connected city. In doing 
so, this study evaluated and compared the existing accessibility of different geographic 
units across the city, including the 34 activity centres, by the two most frequently use 
transport modes, namely – car and public transport. Furthermore, using six node-place 
based indicators (Bertolini, 1999), this paper also identified the geographic units that are 
already better served by public transport, as indicated by the accessibility analysis. The 
results of this analysis could help to highlight areas with higher potentials of being a TOD 
supportive activity centre.

2. Literature review

2.1. Analysis of accessibility

Substantial scholarly work has demonstrated the role of transport accessibility in enhancing 
the functionality and sustainability of urban structures, increasing liveability and quality of 
life of the citizens (Beimborn, Greenwald, & Jin, 2003; Burns & Golob, 1976; Curtis, 2008; 
Horner, 2004; Kitamura et al., 2001; Kwan & Weber, 2008; Lau & Chiu, 2003). The main idea 
is that meeting mobility needs by offering highly accessible areas to the urban residents will 
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provide them with opportunities to participate in community activities, reduce their need 
for excessive travel to reach the facilities they need, which will have beneficial effects by 
reducing transport negative externalities (e.g. travel costs, congestion, and environmental 
effects) (Beimborn et al., 2003; Curtis, 2008; Geurs & van Wee, 2004; Handy & Niemeier, 
1997; Horner & Murray, 2002; Horner & O’Kelly, 2007).

Whereas the above studies report international experiences, several studies focused 
on accessibility modelling across Australian cities (Curtis, 2008; Curtis & Scheurer, 
2010; Espada & Luk, 2011; Kelly et al., 2013; Yigitcanlar, Sipe, Evans, & Pitot, 2007). 
Geographic Information Systems (GIS)-based tools, such as Spatial Network Analysis 
for Multimodal Urban Transport Systems (SNAMUTS) (Curtis & Scheurer, 2010) and 
Land Use and Public Transport Accessibility Indexing (LUPTAI) (Yigitcanlar et al., 2007) 
were developed to calculate accessibility in Perth, Western Australia and Gold Coast, 
Queensland, respectively. The LUPTAI tool modelled the accessibility by walking and/
or public transport using isochrone measure and, on the other hand, the SNAMUTS is 
based on multimodal transport systems and uses numerous indicators (e.g. network con-
nectivity, 30 min catchment areas) in developing their composite accessibility measure. 
However, these vectors of metrics do not incorporate congestion nor account for various 
traffic conditions. Alternatively, their time measures are based on scheduled times of 
public transport services.

Another multimodal accessibility modelling tool, ARRB Accessibility Metrix (AAM), 
was developed to compare accessibility between two cities, namely – Melbourne and Perth 
(Espada & Luk, 2011). The AAM is based on a continuous decay function that was used 
to weigh the opportunities measuring accessibility. The study by Grattan Institute (Kelly et 
al., 2013) used multivariate analysis and isochrone measure to model accessibility across 
Australia’s four largest cities, namely – Sydney, Melbourne, Brisbane and Perth. Substantial 
differences were reported in the accessibility maps which is, as they explained, due to the 
variations in topography and transport network across the cities.

These accessibility studies conducted on different Australian Cities, including Perth 
(Curtis & Scheurer, 2010; Kelly et al., 2013; Yigitcanlar et al., 2007), focused primarily 
on measuring accessibility of the residential neighbourhoods (considering the number of 
jobs as a proxy to opportunity). This paper was, however, intended at measuring accessi-
bility of activity centres where population (the number of residents) was used as a proxy 
to opportunity provided by the activity centres. In other words, instead of measuring the 
accessibility of the residential areas to jobs, this study primarily focused on the accessibility 
of the activity centres to/from residential areas (i.e. to people).

2.2. Node-place model

The node-place model was often employed in the past studies in classifying TOD sup-
portive developments (Bertolini, 1999; Chorus & Bertolini, 2011; Kamruzzaman, Baker, 
Washington, & Turrell, 2014; Lyu, Bertolini, & Pfeffer, 2016; Monajem & Ekram Nosratian, 
2015; Reusser, Loukopoulos, Stauffacher, & Scholz, 2008; Zemp, Stauffacher, Lang, & Scholz, 
2011). This model characterises urban development from the perspective of nodes (e.g. 
transport) and places (e.g. land use). However, due to a wide variety of applications, the 
original node-place model (Bertolini, 1999) was adapted based on the available data, pur-
pose, and context of the applications (Lyu et al., 2016). There are approximately 100 different 
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indicators used in numerous studies to characterise nodes and places in urban developments 
across the globe. The node-place models usually enable a multi-criteria analysis employing 
the indicators and thus classify/evaluate the performance of TODs.

Since the purpose of this study was to identify activity centres with higher potential 
to be TOD supportive, we discussed only similar studies here. For example, in Brisbane, 
Queensland, Kamruzzaman et al. (2014) used six quantitative measures of built environment 
(e.g. net employment density, net residential density, land use mix, intersection density, 
cul-de-sac density, and public transport accessibility) to classify TODs using cluster anal-
ysis. The cluster analysis identified four cluster types, viz. residential TODs, activity centre 
TODs, potential TODs, and unsuitable TOD locations. Moreover, the number or density 
of jobs (Atkinson-Palombo & Kuby, 2011; Pollack, Gartsman, Boston, Benedict, & Wood, 
2014; Singh, Fard, Zuidgeest, Brussel, & Maarseveen, 2014; Zemp et al., 2011) and street 
intersection density (Shastry, 2010; Singh et al., 2014) were also utilised in the past studies 
in classifying and/or evaluating TODs. Floor/built up area ratio (Cervero & Murakami, 
2009; Song & Deguchi, 2013), gross floor area/built up area of development (Cervero & 
Murakami, 2009; Ivan, Boruta, & Horák, 2012), and land use mix (Dittmar & Ohland, 2003; 
Singh et al., 2014) were also considered. Performance measures pertaining to active modes 
were also incorporated, for example – length of bike path/number of separate bike paths 
(Bertolini, 1999; Reusser et al., 2008).

3. Case study and method

3.1. Case study

Australian capital cities are experiencing an unprecedented growth in their population, 
for instance – two-thirds of the Australia population in 2009 lived in the capital cities 
(Australian Bureau of Statistics, 2010). Thus, in order to maintain the role of primary pop-
ulation attractor these capital cities are likely to experience even higher population growth 
in future (Newton, 2008). According to the 2056 population projection by Australian Bureau 
of Statistics (ABS), 72% of all expected growth in population will be captured by the capital 
cities (Major Cities Unit, 2010).

Perth is Australia’s fastest growing capital city facing substantial changes in accommodat-
ing the increase in population (Figure 1). The 2056 population projection by ABS reported 
that Perth would be a city of just over 3.3 million people with an expected growth of 
104%, the highest growth in Australia, followed by Brisbane of 103% (Australian Bureau of 
Statistics, 2008). Land availability on urban edges and traditional car travel has perpetuated 
a trend of urban sprawl, with declining level of accessibility. As indicated by Weller, ‘70% of 
new residential development still occurs at or beyond the boundaries of developed areas’ 
(Weller, 2009, p. 81), with little employment and access to services.

Although planning authorities in Western Australia started to acknowledge and address 
this issue more than a decade ago, implementation has lagged behind. In support of the 
implementation of the strategic direction, the Western Australian Government released 
the State Planning Policy ‘Activity Centres for Perth and Peel’ in 2010, making provision 
for planning implementation and outlining a performance-based approach for assessing 
activity centres (State of Western Australia, 2010). Figure 2 presents the 34 activity centres 
(strategic, secondary, and specialised) identified in the government release.
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3.2. Modelling accessibility

In order to measure the accessibility of existing activity centres to people and to identify 
new potential areas of high accessibility, isochrone-based measure of accessibility was used 
in this study (Handy & Niemeier, 1997). This measure sums the number of opportunities 
(e.g. number of people/jobs) that are reachable, usually by a car or public transport, within 
a given cost (e.g. 30 min travel time) within which no difference in accessibility exists. In 
reality, a cut-off value, for the cost, is selected by the analyst in an arbitrary fashion (Cervigni, 
Suzuki, Ishii, & Hata, 2008; Cinnamon, Schuurman, & Crooks, 2008; Gutiérrez & Gómez, 
1999; O’Kelly & Horner, 2003). In this method, the accessibility of a zone represents the 
number of opportunities that can be reached in a given distance, travel time, or generalised 
cost from a location, as shown by the following equation:
 

(1)Ai =

∑

wjaj

Figure 1. location of Perth Metropolitan area in the map of australia (source: google Maps, 2016).
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where wj has a value of 1 for the zones that can be reached within the given ‘budget’ (dis-
tance, time, or generalised cost), and 0 otherwise; aj represents the number of opportunities 
in a zone j.

Figure 2. location of the 34 activity centres across the Perth Metropolitan area (source: Md Moniruzzaman).
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3.3. Data and assumptions

The accessibility was estimated for both morning (7–9 AM) and evening (4–6 PM) peak 
periods and by both public transport and car travel. The data for this accessibility calculation 
were obtained from the Strategic Transport and Evaluation Model (STEM), the Department 
of Planning in Western Australia uses for land use and travel demand forecasting. The unit of 
analysis in the STEM is Traffic Analysis Zone (TAZ) and the model used 472 TAZs across the 
Perth Metropolitan Area. The travel times, through the transport networks, between zones 
i and j, during the peaks, were used to produce the O-D cost matrices. The travel time by 
public transport includes both access and egress, in-vehicle journey time from one zone to 
another, and waiting and transfer times. The numbers of people within the TAZs (as proxy 
for opportunities) were obtained from the land use forecasting component of the STEM.

The accessibility modelling was carried out for all the TAZs across the city. To calculate 
the accessibility for the morning peak, we considered each TAZ as the destination and the 
accessibility of a TAZ is the number of people that could arrive to the TAZ from other TAZs 
within a given time budget. Conversely, for the evening peak, each TAZ was considered 
as the origin and the accessibility of a TAZ is measured as the number of people in other 
TAZs that are reachable with the time budget. More specifically, the direction of traffic in 
the morning peak was considered from individuals’ places of residence to activity centres 
and, in contrast, it was from activity centres to places of residence in the evening peak. The 
resulting continuous accessibility surface, at the TAZ level, was overlaid with the three 
different geographic units across the city and a weighted average of the area covered was 
used to estimate the accessibility of those geographic units. The geographic units include 
the activity centres’ notional boundaries as defined by the state’s Department of Planning, 
2 km circular buffer around the centroid of the activity centres, and 2 km buffer around the 
68 local train stations across the Perth Metropolitan Area. Figure 3 shows the location of 
the train stations. The 2 km buffers around the activity centres and stations were decided 
based on the understanding that it is a reasonable bicycling distance, as suggested in the 
Handbook of sustainable Travel (Handy, 2013) and therefore the activity centres could be 
easily accessed by active transport.

One important decision was required in regard to the cut-off value to be used for the 
isochrone-based measure of accessibility. Instead of arbitrarily assuming a threshold, such 
as 30 min by car or public transport, we investigated the average time commuters spent in 
their travel to work by different modes of transport using the latest available travel survey 
data in the city – the Perth and Regions Travel Survey (PARTS) 2007. An analysis of the 
PARTS data revealed that, on average, people spend 45 min for a one-way trip by public 
transport and therefore this average value was used as the cut-off value for our accessibility 
modelling. A similar approach was also used in the past by Moniruzzaman and Páez (2012). 
Moreover, to ensure a direct comparability, the same time was used for modelling the acces-
sibility by car. Finally, for easier interpretation, the unit of the calculated accessibility was 
changed from an absolute population value to a relative value (i.e. percentage of the total 
population in the city, which was 1,822,093 in 2011 as per the STEM).

3.4. Using node-place models for prioritisation

The prioritisation was conducted only for the geographic units with better public trans-
port accessibility, based on the average of the morning and afternoon peak travel times. 
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Good accessibility by public transport was the primary reason for this first step of filtering 
towards this prioritisation process. Since there is no clear definition of low/high accessi-
bility in the existing studies, we considered a value of 10% as our cut-off point. Therefore, 

Figure 3. location of the 68 train stations across the Perth Metropolitan area (source: Md Moniruzzaman).
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any unit with average public transport accessibility higher than 10%, comparable to the 
employment attracted to the CBD area, was considered a suitable candidate and selected 
for prioritisation analysis.

Six node-place related indicators (Table 1) were used for this prioritisation process. 
Although land use mix was initially considered as one of the indicators, it was not included 
in the final analysis, because of its high correlation with the built-up area densities. Similarly, 
there were high correlations between population and labour pool densities, and road and 
intersection densities. Therefore, population density, land use mix, and road density were 
excluded from the list of indicators. These node-place indicators were extracted for the 
selected geographic units from different geographic layers using ArcGIS 10.3 (ESRI, 2014).

The indicators were divided into their deciles and each indicator was assigned a score 
out of 10 based on the deciles of the indicators. For instance, if the employment density of 
a geographic unit fell within the 6th decile for the indicator, it was allocated a value of 6 out 
of 10 for that indicator. Furthermore, we weighed the individual scores based on the rele-
vance of the indicators for this particular study. For instance, the most importance feature 
of an activity centre, based on the definition, is the number of jobs and number of working 
age people in the centre. Therefore, employment density and labour pull density received 
higher weights compared to other indicators. For an easier comparison, we weighed all the 
six indicators in such a way that each geographic unit is scored out of 100 (see Table 1) and 
ranked them based on the aggregated score.

4. Results and discussion

These results of accessibility modelling and prioritisation process are described in the 
sub-sections 4.1 and 4.2.

4.1. Transport accessibility

Table 2 shows the public transport and car travel accessibility for the 34 activity centres (10 
strategic metropolitan, 19 secondary, and five specialised) in Perth Metropolitan Area. As 
indicated, the accessibility of the centres is presented as percentage of total metropolitan 
population that can reach the centres (AM peak) or can reach their home from the centres 

Table 1. Urban form and built environment indicators and their weighted score.

Indicators Assumptions
Weight 

(weighted score)
employment density (number of 

job/sq.km)
if the employment density is high, there are already more 

firms that can benefit in further development of the 
activity centre

2.5 (25)

labour pool density (number of 
worker/sq.km)

if the labour pool is high, there are more on-site people who 
can benefit in further development of the activity centre

2.5 (25)

intersection density (number of 4 or 
more way intersection/sq.km)

The higher the maturity of the local road/transport network, 
the easier it is to develop the activity centres

2 (20)

built-up area density (area of built 
up in sq.km/land area in sq.km)

The higher the built up area, the more suitable the activity 
centre location

1 (10)

bike lane density (bike length in km/
land area in sq.km)

The higher the bike density, the more likely it is that some-
one in the area will cycle to the activity centre

.5 (5)

Public transport accessibility (% of 
total people)

The higher public transport accessibility means that more 
people can be attracted to work in the activity centre

1.5 (15)

Total score 10 (100)
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(PM peak). Table 2 was sorted based on the average accessibility by public transport, con-
sidering both morning and afternoon traffic peaks. The results indicate that Leederville has 
the highest accessibility by public transport, followed by Subiaco, Cannington, Cockburn 
Central, and Murdoch.

Given the coverage and frequency of public transport services across the city, 13 centres 
each ‘attract’ less than 5% of Perth residents by public transport, whereas their average car 
access is above 42%. The lowest travel access by both car and public transport are recorded 
for Two Rocks, Yanchep and Pinjarra, centres that are located further North and South of 
Perth and have low population and employment densities.

The highest car access occurs in Midland and around Perth airport (and the lowest on the 
North-South ‘corridor’), reflecting the congestion conditions prevalent in Perth and their 
main location on and around the Mitchell and Kwinana freeways, Mitchell and Kwinana. 
Low public transport access is also recorded for Perth Airport, Ellenbrook, Karrinyup, and 
Jandakot, where a combination of reduced supply of public transport services and sparser 
population are the main determinants.

Table 2. accessibility by public transport and car for the 34 activity centres (% of total population acces-
sible in 45 min).

*Table is sorted in descending order of this column.

Centre name AC type

Public transport Car travel

AM peak PM peak
Average of 
two peaks*

AM 
peak AM peak

Average of 
two peaks

leederville secondary centre 25.84 22.98 24.41 63.23 60.49 61.86
subiaco secondary centre 14.45 12.82 13.63 58.12 54.85 56.48
cannington strategic centre 13.13 13.12 13.12 66.34 65.42 65.88
cockburn central secondary centre 12.16 12.27 12.21 68.52 66.28 67.40
Murdoch specialised centre 11.74 12.60 12.17 66.12 64.67 65.39
stirling strategic centre 12.32 11.27 11.79 59.17 55.63 57.40
Joondalup strategic centre 11.60 11.68 11.64 55.69 55.76 55.72
booragoon secondary centre 11.74 10.96 11.35 62.51 62.32 62.41
Warwick secondary centre 12.64 8.91 10.78 64.17 63.12 63.64
curtin/bentley specialised centre 10.41 9.54 9.97 64.15 63.27 63.71
Fremantle strategic centre 9.68 8.94 9.31 50.60 46.02 48.31
claremont secondary centre 9.09 8.23 8.66 50.30 50.12 50.21
Maddington secondary centre 7.90 8.33 8.11 64.98 64.65 64.82
Morley strategic centre 7.88 7.56 7.72 67.63 67.29 67.46
Victoria Park secondary centre 7.72 7.01 7.36 66.21 63.35 64.78
UWa-Qeii specialised centre 6.07 6.30 6.18 52.10 50.44 51.27
Mirrabooka secondary centre 5.94 5.64 5.79 64.40 63.91 64.16
Whitfords secondary centre 3.85 6.94 5.39 57.04 55.73 56.38
belmont secondary centre 5.86 4.80 5.33 70.77 65.80 68.28
Midland strategic centre 5.49 5.09 5.29 74.89 71.12 73.01
armadale strategic centre 5.26 5.15 5.21 58.79 58.01 58.40
Kwinana secondary centre 4.10 4.00 4.05 55.88 56.95 56.41
rockingham strategic centre 3.76 3.04 3.40 44.17 43.12 43.65
clarkson secondary centre 3.04 2.31 2.67 45.22 45.38 45.30
Wanneroo secondary centre 1.85 2.37 2.11 52.25 51.97 52.11
Mandurah strategic centre 1.21 2.24 1.72 18.47 18.31 18.39
Perth airport specialised centre 1.65 1.49 1.57 72.04 70.18 71.11
ellenbrook secondary centre 1.38 1.38 1.38 57.06 55.99 56.52
Karrinyup secondary centre 1.02 1.10 1.06 64.36 61.74 63.05
Jandakot airport specialised centre .14 .19 .16 66.62 64.43 65.52
alkimos secondary centre .01 .01 .01 35.00 35.91 35.45
Two rocks north secondary centre .02 .00 .01 12.81 13.46 13.13
Pinjarra secondary centre .00 .00 .00 16.54 16.37 16.45
Yanchep strategic centre .00 .00 .00 19.54 20.19 19.87
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Table 3 shows the public transport and car accessibility of the 34 activity centres as in 
Table 2, however based on a distinct geography i.e. 2 km buffer. Most of the 2 km buffers 
(from the centre’s centroid) exceed the typical defined boundaries of the activity centres 
(exception Perth Airport where notational boundaries of the activity centres in Table 2 are 
based on land use zoning and thus the size of each centre varies substantially. The purpose 
of estimating the accessibility for the 2 km buffers is to test if accessibility of these units 
exceeds their corresponding accessibility in Table 2. If this is the case, it could indicate the 
need for potential extensions of the notational boundaries defined by the Government of 
Western Australia.

Compared to Table 2, the average accessibility by public transit of the 2 km buffers (Table 
3) fell in Leederville and Cannington and it increased for Subiaco. Notably, the ranking of 
these top three activity centres in Table 2 is the same as in Table 3. However, other centres 
changed their ranking considerably. The accessibility of Victoria Park increased from 7.36% 
(Table 2) to 10.57% (Table 3), where its ranking is number 4. This suggests that the activity 
centre of Victoria Park (considering its land use defined boundary) is surrounded by highly 

Table 3. accessibility by public transport and car for the 2 km buffer of 34 activity centres (% of total 
population accessible in 45 min).

*Table is sorted descending by this column.

Centre name

Public transport Car travel

AM peak PM peak
Average of two 

peaks* PM peak AM peak
Average of 
two peaks

leederville 17.82 19.48 18.65 61.41 58.22 59.81
subiaco 15.19 14.63 14.91 58.94 55.74 57.34
cannington 11.42 11.45 11.44 66.70 65.51 66.11
Victoria Park 10.74 10.57 10.66 66.60 64.03 65.31
Joondalup 9.50 9.91 9.71 55.59 55.07 55.33
booragoon 9.55 8.98 9.27 64.74 63.36 64.05
cockburn central 9.28 9.23 9.26 68.57 66.24 67.40
Murdoch 8.66 9.16 8.91 66.22 64.60 65.41
curtin/bentley 7.73 6.77 7.25 65.18 63.17 64.17
stirling 7.33 7.18 7.25 61.20 58.10 59.65
Fremantle 7.34 6.80 7.07 50.52 47.02 48.77
claremont 7.56 6.53 7.04 50.88 50.25 50.57
Warwick 7.23 6.75 6.99 65.16 63.51 64.34
Maddington 6.46 7.05 6.76 65.01 64.52 64.76
UWa-Qeii 5.77 5.85 5.81 51.79 50.36 51.08
Kwinana 5.17 5.08 5.12 56.24 56.59 56.42
Morley 4.82 5.13 4.98 68.49 68.48 68.49
Whitfords 4.04 5.82 4.93 56.87 55.07 55.97
Mirrabooka 5.04 4.81 4.92 64.52 64.08 64.30
belmont 4.37 3.85 4.11 69.82 66.94 68.38
armadale 3.79 4.05 3.92 58.38 57.79 58.09
rockingham 3.18 2.64 2.91 43.77 42.45 43.11
Midland 2.83 2.93 2.88 73.33 70.71 72.02
Mandurah 2.07 2.49 2.28 18.64 18.60 18.62
Wanneroo 2.06 2.46 2.26 52.55 52.05 52.30
clarkson 2.25 2.25 2.25 46.06 45.79 45.92
Karrinyup 2.11 2.06 2.09 63.55 61.00 62.28
ellenbrook 1.36 1.28 1.32 56.04 55.17 55.60
Perth airport .96 1.07 1.02 71.04 69.63 70.33
Jandakot airport .75 .59 .67 67.02 65.03 66.03
Yanchep .04 .04 .04 16.52 17.54 17.03
Two rocks north .04 .03 .03 13.35 13.75 13.55
alkimos .02 .02 .02 33.94 35.38 34.66
Pinjarra .00 .00 .00 16.61 16.41 16.51
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accessible areas that lie within the 2 km buffer around its centroid. This also suggests that 
people living in this activity centre can easily access to the centre by using active transport 
modes, such as walking and cycling, as this distance is suitable for the active modes (British 
Medical Association, 1992; Glaister, Burnham, Stevens, & Travers, 1998; Handy, 2013; The 
New South Wales Government, 2004). On the other hand, there are five activity centres 
that are not very accessible as centre buffers, because they are surrounded by low accessible 
areas: Murdoch, Fremantle, Claremont, Stirling, and Curtin/Bentley.

To identify potential areas, not already designated as Activity Centres, but with high 
transport accessibility by both public transport and car, a separate analysis of the 68 train 
station precincts (2 km circular buffer centring on the stations) was also carried out. Table 4 
shows that the train stations in the centre of Perth have the highest public transport accessi-
bility. All of the top eight station precincts have public transport accessibility above 17% and 
car accessibility above 58%, which only one activity centre achieves (Leederville). Subiaco 
station precinct has the highest accessibility among the stations outside the Perth Central 
Business District (CBD), with similar values to the activity centre.

Joondalup is the only station precinct in the Northern train corridor to Butler that is 
highly accessible by public transport. On the other hand, there are four highly accessible 
stations on the Mandurah line: Bull Creek, Murdoch, Cockburn Central, and Wellard. There 
are also few other highly accessible station precincts on the Armadale train line, but not 
on the Midland line. It is important to note that accessibility by car has not received much 
attention in the above discussion because of its magnitude and relatively stable values across 
the Tables 2 through 4. Compared to the accessibility by public transport, accessibility by 
car is undoubtedly higher which is not surprising at all for a low-density city like Perth with 
its heavy reliance on private transport modes.

4.2. Prioritisation of geographic units

Table 5 provides a combined list of all the geographic units that are ‘highly accessible’ (>10%) 
by public transport. In total, 20 geographic units passed the 10% threshold criterion and 
were considered for the prioritisation process. A final score out of 100 was calculated for 
each of the geographic units in Table 5 based on the deciles of the six node-place related 
indicators and their assigned weights as in Table 1 (individual scores of the indicators were 
not reported in this paper, for brevity).

Among the 34 activity centres, Subiaco has the highest combined score (88), even higher 
than Perth CBD (87). Booragoon activity centre came third in the ranking with a score of 
78 and Leederville placed number 4 in this weight-based multi-criterion ranking, with a 
score of 68. The next most accessible activity centres are Joondalup (64) and Stirling (62). 
On the other hand, among the 2 km activity centre buffers, Leederville ranked number 1 
with a score of 90, followed by Subiaco with a score of 80. When the results are compared 
between activity centres and activity centre buffers, many geographic units have close rank-
ing position (e.g. Subiaco), others have different ranking positions and/or appear only once 
on the list (e.g. Leederville and Booragoon). For the 2 km station precincts, the list includes 
only station precincts that did not overlap with the 34 activity centres, nor with activity 
centre buffers. There are however situations where nearby station precincts may overlap 
with each other. Many new geographic units (station buffers) were found that have better 
public transport accessibility than the 34 activity centres or their buffers and these units 
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Table 4. accessibility by public transport and car of the 68 train station precincts (% of total population 
accessible in 45 min).

Station

Public transport Car travel

AM peak PM peak
Average of two 

peaks* AM peak PM peak
Average of two 

peaks
city West 21.98 24.64 23.31 60.57 57.31 58.94
esplanade 21.76 24.69 23.23 60.08 56.87 58.48
Mciver 21.60 24.52 23.06 60.23 57.13 58.68
Perth Underground 21.59 24.46 23.03 60.20 56.96 58.58
claisebrook 21.24 24.03 22.64 60.44 57.28 58.86
leederville 18.44 20.12 19.28 60.94 57.83 59.39
east Perth 17.92 20.04 18.98 61.07 57.87 59.47
West leederville 16.74 17.38 17.06 60.19 57.08 58.63
subiaco 13.70 12.95 13.33 58.76 55.53 57.14
Mt lawley 12.47 13.40 12.93 63.99 60.31 62.15
burswood 12.65 13.00 12.83 64.37 62.28 63.33
cannington 12.03 12.03 12.03 66.81 65.58 66.19
Victoria Park 11.62 11.67 11.65 67.03 64.28 65.66
Queens Park 11.66 11.46 11.56 67.07 65.79 66.43
beckenham 11.05 11.73 11.39 65.74 64.80 65.27
Maylands 11.14 11.14 11.14 65.86 63.33 64.60
carlisle 11.02 10.56 10.79 67.71 65.09 66.40
bull creek 10.65 10.42 10.53 67.14 66.17 66.66
Murdoch 10.19 10.44 10.32 66.93 65.77 66.35
oats street 10.29 9.49 9.89 67.82 65.43 66.62
Joondalup 9.46 9.89 9.67 55.60 55.07 55.33
Welshpool 9.73 8.86 9.29 67.89 65.93 66.91
Wellard 9.69 8.75 9.22 55.95 55.36 55.65
cockburn central 9.13 9.07 9.10 68.61 66.24 67.42
Meltham 8.81 8.94 8.87 68.62 67.34 67.98
bayswater 8.80 8.83 8.82 71.14 70.11 70.62
canning bridge 8.40 8.23 8.31 65.54 62.75 64.14
daglish 8.44 7.87 8.16 55.50 52.81 54.15
Kenwick 7.31 8.22 7.77 65.59 64.77 65.18
glendalough 7.39 7.84 7.62 62.92 61.18 62.05
stirling 7.40 7.26 7.33 61.64 58.84 60.24
Whitfords 6.43 8.22 7.32 58.89 57.53 58.21
Warwick 6.84 7.43 7.13 65.15 63.28 64.21
cottesloe 7.97 6.26 7.12 48.73 48.40 48.56
swanbourne 7.70 6.51 7.10 51.23 50.39 50.81
Fremantle 7.35 6.76 7.05 50.27 46.78 48.53
grant street 7.76 6.34 7.05 50.92 50.16 50.54
claremont 7.54 6.54 7.04 50.99 50.32 50.66
showgrounds 7.45 6.58 7.02 50.96 50.39 50.68
Maddington 6.56 7.14 6.85 65.04 64.56 64.80
greenwood 5.38 8.04 6.71 60.29 58.69 59.49
loch street 6.84 6.39 6.61 51.20 50.58 50.89
shenton Park 6.53 6.37 6.45 53.27 51.40 52.33
Karrakatta 6.40 6.27 6.34 51.55 50.63 51.09
ashfield 6.37 6.29 6.33 69.80 69.81 69.80
Mosman Park 6.97 5.47 6.22 47.25 47.39 47.32
currambine 6.20 5.90 6.05 54.12 52.77 53.45
Victoria street 6.66 5.27 5.96 47.10 47.17 47.13
bassendean 5.89 5.92 5.90 68.26 68.63 68.44
gosnells 5.93 5.86 5.90 62.68 62.83 62.75
edgewater 5.06 6.71 5.88 57.49 56.21 56.85
success hill 5.61 5.63 5.62 68.15 68.32 68.23
Thornlie 4.58 6.13 5.36 65.20 64.28 64.74
north Fremantle 5.67 4.72 5.20 48.80 47.19 47.99
guildford 5.05 5.10 5.07 68.51 68.36 68.43
seaforth 4.89 4.92 4.90 61.46 61.57 61.52
Kelmscott 4.22 4.83 4.52 59.62 59.49 59.56
armadale 3.78 4.06 3.92 58.42 57.84 58.13
sherwood 3.29 4.00 3.64 59.13 58.73 58.93

(Continued)
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have potential areas for future development as employment centre. For example, Mount 
Lawley train station is at the top of this list with a score of 79, followed by Victoria Park 
(score 65) and Carlisle (score 61).

Despite ignoring active travel (the focus on this research was on travel to and from 
activity centres by car and public transport) and considering the same characteristics of the 
population, this study provided rich information in several aspects. We covered a number 
of node-place characteristics for each of the activity centres and potentially new activity 
centres, which were then consolidated in Table 5. As such, the research identified new areas 

Table 5. combined list of all geographic unit with high public transport accessibility and their prioritisa-
tion score (% of total population accessible in 45 min).

note: Table is sorted by the column ‘Final score’.

Name of 
geographic 
units

Type of geographic 
units

Public transport Car travel

Final 
score

AM 
peak

PM 
peak

Average of 
two peaks

AM 
peak

PM 
peak

Average of 
two peaks

leederville activity centre buffer 17.82 19.48 18.65 61.41 58.22 59.81 90
subiaco activity centre 14.45 12.82 13.63 58.12 54.85 56.48 88
Perth cbd 

(capital city)
activity centre 22.34 25.08 23.71 59.74 56.78 58.26 87

subiaco activity centre buffer 15.19 14.63 14.91 58.94 55.74 57.34 80
Mt lawley station precincts 12.47 13.40 12.93 63.99 60.31 62.15 79
booragoon activity centre 11.74 10.96 11.35 62.51 62.32 62.41 78
leederville activity centre 25.84 22.98 24.41 63.23 60.49 61.86 68
Victoria Park activity centre buffer 10.74 10.57 10.66 66.60 64.03 65.31 68
Victoria Park station precincts 11.62 11.67 11.65 67.03 64.28 65.65 66
Joondalup activity centre 11.60 11.68 11.64 55.69 55.76 55.72 64
stirling activity centre 12.32 11.27 11.79 59.17 55.63 57.40 62
carlisle station precincts 11.02 10.56 10.79 67.71 65.09 66.40 61
Maylands station precincts 11.14 11.14 11.14 65.86 63.33 64.59 61
cannington activity centre 13.13 13.12 13.12 66.34 65.43 65.88 60
burswood station precincts 12.65 13.00 12.83 64.37 62.28 63.33 60
bull creek station precincts 10.65 10.42 10.53 67.14 66.18 66.66 47
cockburn 

central
activity centre 12.16 12.27 12.22 68.52 66.28 67.40 46

cannington activity centre buffer 11.42 11.45 11.44 66.70 65.51 66.11 42
Warwick activity centre 12.65 8.91 10.78 64.17 63.12 63.64 41
Murdoch activity centre 11.74 12.60 12.17 66.12 64.67 65.40 40

*Table is sorted descending by this column.

Station

Public transport Car travel

AM peak PM peak
Average of two 

peaks* AM peak PM peak
Average of two 

peaks
challis 3.19 4.00 3.60 59.35 59.00 59.17
Warnbro 3.26 3.38 3.32 42.41 40.91 41.66
Woodbridge 3.41 3.23 3.32 72.07 69.91 70.99
rockingham 3.35 2.89 3.12 43.45 41.79 42.62
east guildford 3.07 2.96 3.02 70.01 69.17 69.59
Midland 3.00 3.02 3.01 72.98 70.46 71.72
Mandurah 2.60 2.71 2.65 20.33 19.85 20.09
Kwinana 1.66 2.34 2.00 58.07 57.62 57.84
clarkson 2.03 1.64 1.84 46.28 46.23 46.26

Table 4. (Continued).
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more accessible by public transport than the designated activity centres. By changing the 
geographic unit to 2 km buffer around the centroid of the activity centres or around the 
train stations, we found that: Victoria Park and Perth’s train stations in close proximity to the 
CBD area (Mount Lawley, Wembley, West Leederville, Mount Hawthorn and Glendalough) 
have high public transport accessibility.

The findings of this research project are in accord with the previous studies summarised 
in Section 2. Consistent with SNAMUTS (Curtis & Scheurer, 2010), AAM (Espada & Luk, 
2011), and Grattan Institute (Kelly et al., 2013), this research confirmed that the CBD area 
has the highest access by public transport and car, with a radial pattern of decay outwards 
the fringes. Car accessibility is far better, with most of the metropolitan area being reached 
in 45 min by car from each activity centre (the reverse also holds, with more than 60% of 
the population being able to access the activity centres by car in 45 min). Sensitivity analysis 
(results not presented here for brevity) indicated that the aggregated node-place indicators 
depend heavily on the bike lane density (.78), followed by built-up area density (.37) and 
public transport accessibility (.21).

5. Summary and concluding remarks

The objective of this accessibility study was to determine how accessible the activity 
centres across the Perth Metropolitan Area are by both public transport and car, and 
to identify which activity centres should be prioritised for development as employment 
centres in decentralising jobs. The aim of this study was also to identify alternative areas 
within the city that have high public transport accessibility and have the potentials of 
being TOD supportive activity centres in future. In order to achieve this objective, the 
study started with accessibility modelling at the TAZ level across the city. An accessi-
bility measure, isochrone-based, that is easy to communicate and understand, was used 
for the accessibility modelling in this paper, where percentage of the total metropolitan 
population was used as proxy for opportunities. Accessibility was modelled separately 
for both morning and afternoon peak periods by public transport and car. Accessibility 
was also estimated for the 34 activity centres and their 2 km buffers, and 68 train stations 
precincts, by overlapping the continuous accessibility surface with the boundaries of the 
activity centres, their buffers, and station precincts. A weighted average method was used 
for this calculation.

Consistent with the car-dominant transport across Perth, 13 current activity centres 
attract less than 5% Perth residents by public transport but have an average car access 
above 42%. Many activity centres defined by boundaries and by buffer of 2 km around their 
centroid displayed similar accessibility levels, with few exceptions: Booragoon, Leederville, 
Cannington, and Murdoch. The accessibility of train stations is high, with the top eight 
train stations (within or close to the CBD) recording public transport accessibility above 
17% and car accessibility above 58%.

To prioritise the centres for future development, the analysis was continued only for the 
highly public transport accessible (>10% accessibility) geographic units. A multi-criteria 
weighted scoring method was applied to calculate a score out of 100 for each of the geo-
graphic units. Based on the Bertolini’s (1999) node-place models, six indicators were used 
in the weighted scoring approach. Nonetheless, the weighing of the indicators is solely based 
on authors’ preference and should be modified according to the purpose of the project. 
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Among the 34 activity centres and the Capital City activity centre, Subiaco has the highest 
score (88). Subiaco is followed by the Perth CBD (87) and Booragoon (78). Leederville, 
Joondalup, and Stirling took the fourth, fifth, and sixth position in this score-based ranking, 
respectively. A 2 km buffer from the centroid of the activity centres was also used to see 
how the accessibility values change as the geography of the centres is changed. Leederville 
is at the top of this buffer-based activity centre analysis. Subiaco is also on the list of activity 
centres based on the 2 km buffers. After removing the overlaps between station precincts 
and the activity centres, Mount Lawley train station precinct ranked top from the list of 
all remaining station precincts which is followed by the precincts of the Victoria Park and 
Carlisle stations.

The analysis confirmed the dominance of CBD and surroundings as highly public 
transport accessible areas and shows how the radial structure of the train network shapes 
accessibility maps in Perth. Several activity centres have lower accessibility compared to 
train stations in the proximity of the CBD, which shows that potentially other locations are 
suitable for TOD across the city. This study also reiterates the fact that car accessibility is 
very high compared to the accessibility by public transport across the city. Improvement in 
the accessibility by public transport is therefore recommended to make it comparable with 
the car travel. This can be done by better coordination of timetables and, where possible, 
higher frequency (with benefits in minimising transfer and waiting times), by increasing 
public transport reliability (mainly buses), and providing better access by active modes and 
buses towards the train stations. Additionally, the final ranking score results are sensitive 
to the weighting scheme and giving more prominence to active travel will reinforce the 
accessibility of the central area of the city.

The effective development of planning policies depends on how the interaction between 
transport and land use is accounted for in the modelling and evaluation. Based on rele-
vant metrics, easy to interpret, we found that several areas across Perth show potential for 
development as centres, whereas others seem to be under ‘stress’; the indicators permit a 
broad comparison of relative access of key destination areas. The analysis is particularly 
relevant in the context of growing and ageing populations. Ensuring mobility needs without 
following a car-based trajectory (thus, limiting congestion) requires policy measures that 
include accessibility.
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