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EXECUTIVE SUMMARY (Abstract) 

Research by the Planning and Transport Research Centre (PATREC) in Western 

Australia, commissioned by the State Government of  Western Australia (WA), 

examined strategic directions for public mass rapid transit (MRT) to serve WA’s capital 

city Perth and Peel when the regions’ combined population reaches 3.5 million 

(estimated to occur in about 2050), from a population of 2.02 million in 2014. The 

research did not include economic evaluation, as significant detailed planning will be 

required for route and technology selection, and to measure the effects of emerging 

disruptive communications and transport technologies, demographic and urban 

growth outcomes on demand for public transport trips. In the three decades to 2015 

Western Australia electrified and substantially extended its ‘heavy-rail’-based MRT 

system, operated by the State’s Public Transport Authority (PTA), which in 2015 

comprised a five-branch radial electrified network of 70 stations and 181 route-km, 

operating through the CBD hub, providing significant capacity for future years. The 

MRT network is supported by a timetabled bus feeder system, which was not a focus of 

this research. A ‘sketch planning’ methodology estimated capacity-critical week-day 

peak-hour public transport boardings for the 3.5 million population horizon. The urban 

development strategy of the Western Australian Planning Commission (WAPC) for 

‘Perth and Peel @ 3.5 million’, which includes significant ‘densification’ and a focus of 

growth in and around designated ‘Activity Centres’, was used in estimating transit 

demand, but differing employment distribution scenarios were tested. A growth in all-

day public transport market share from about 8% (2015) to at least 12% (@ ‘3.5 

million’) has been assumed. The desired growth strategy includes a strong CBD 

employment hub. The potential impacts of disruptive technologies on travel behaviours 

were considered but the long (three and a half to four decades) planning horizon 

precluded their quantification. Future MRT network development was based on 

recommended Hi-Trans© ‘demand-based’ principles, which seek to maximise service 

frequency to achieve as far as practicable ‘turn-up and go’ timetabling. Plans by the PTA 

for MRT network capacity enhancement until 2031 (including minimal network 

extensions) were the basis for network capacity estimation without significant new 

infrastructure. Findings regarding additional new infrastructure included options for a 

new line serving the inner north (east of and absorbing demand which would otherwise 

flow to the present northern railway, which will reach practicable capacity before 3.5 

million), complemented by significant addition of orbital network lines (one ‘heavy’ rail 

and one LRT) joining strategic Activity Centres, by an inner city Metro distributor, and 

by a small number of new rail links aimed at enhancing network connectivity and 

improving operating resilience. An important aim of proposed new orbital lines and the 

new MRT corridor east of the northern line is to divert peak-hour boardings from the 

northern MRT radial, which will reach capacity before ‘3.5 million’. A substantial part 

of the extended network would probably be built in tunnels to avoid using major road 

capacity needed for road traffic, and to avoid adverse effects on TOD precinct designs. 

Variations from the planned land-use densification would necessarily affect the utility 

of future additions to public transport infrastructure, with less densification requiring 

reductions in investment, and conversely greater densification providing opportunities 

for greater network capacity and connectivity.      
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1. Introduction 

The research reported here was commissioned from the Planning and Transport Research Centre1 
(PATREC) by the Director General of Transport in Western Australia (WA). It is part of a wider 
program aimed at better understanding the transport infrastructure needs of WA’s capital city (the 
Perth and Peel regions) when it reaches a population of 3.5 million – forecast to occur in 
approximately 2050 – and beyond. The distribution of population we have assumed is described in 
the ‘connected city’ strategy of the Western Australian Planning Commission (WAPC), in its 2015 
publication, Draft Perth and Peel @ 3.5 million (WAPC 2015).  

The focus of our research has been on the infrastructure needed to provide for the day-to-day 
mobility of 3.5 million residents, in particular those who choose to travel to work and education by 
mass rapid transit. It is these travellers who will continue to create the peaks in daily travel by 
public transport and therefore determine the network capacity required. 

By ‘mass rapid transit’ (MRT) we mean both high-capacity ‘heavy rail’ passenger trains, expected 
to remain the most effective technology for mass movement at high speed in the foreseeable future 
and slower but more agile inner city ‘metro’-style train services. Light rail (LRT), bus rapid transit 
(BRT) and ‘bus priority’ services will provide connections where less capacity will be needed. All 
these forms of public transport will have a crucial role in supporting growth of the regional ‘Activity 
Centres’ identified by the WAPC, while growth in population density and of a ‘public transport 
culture’ will also support the development of a stronger public transport network.   

To illustrate the starting point for our research, the present ‘heavy-rail’-based MRT network of 
2015 operated and maintained by WA’s Public Transport Authority (PTA) is shown in Figure 1.  

In less than a single generation – from 1988 to 2007 – the State rebuilt and extended all of the mass 
rapid transit network serving Perth and Peel regions. Rail, bus and ferry systems are under a single 
management regime, and supported by system-wide swipe-card ticketing. Total system boardings 
were 149 million in the year to 30 June 2015. Small additions to the rail network have occurred 
since 2007 and more are committed for the future. This infrastructure has substantial capacity for 
future growth in usage, which should be made possible until about 2030 and beyond by ‘sweating 
the asset’ with more and higher capacity passenger carriages, improved signalling and more station 
capacity. The next stage of MRT network improvements, to provide more links to cater for growing 
population, can then occur in the two remaining decades until Perth and Peel will reach 3.5 million. 
More additions to the network will probably be needed beyond that time.  

The research questions addressed in this report are both simple and complex. The simple 
questions are how and where it will be necessary to augment the peak daily capacity of the present 
MRT network to provide comfortable, safe and reliable services for all wishing to use the system 
when the population of Perth and Peel reaches 3.5 million, and beyond. More network capacity – 
new links in the system – will be needed where it is probable that the peak daily capacity which can 
feasibly be provided by the existing network will be exceeded by demand, assuming all feasible 
action has been taken to maximise the capacity of the existing network.  Comfort and safety will 
demand increased capacity, while sustaining reliability will also require added network 
connectivity and ‘redundancy’. 

The complex questions are about estimating future demand for travel by MRT. The starting point 
is a population of 3.5 million in the present Perth and Peel regions, where the population in 2014 
was approximately 2.02 million. Current estimates suggest we will reach 3.5 million in about 2050, 
three and a half to four decades into the future.   With the 3.5 million  starting point, it was necessary 
also to estimate the fraction of the population which will be in the workforce, where they will 
choose to live, work, study, shop and attend to their personal business needs.  

                                                             
1   The Planning and Transport Research Centre (PATREC) is a collaborative research centre involving The University of 
Western Australia, Curtin University and Edith Cowan University, undertaking broad-based and independent research in 
transport and urban and regional planning and the integration of policy and practice in these areas.  
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Figure 1: TransPerth Rail network and stations (2015) and committed network additions 

 

 

 

 

 

  



 page 8 of 27 

Estimates were also required of the daily habitual choices people will make of preferred travel 

modes – of ‘public’ or ‘private’ transport. There are inherent difficulties in estimating these choices 

at a distance in the future of 35 to 40 years. We need only think of the past at a similar distance 

(1975 to 1980) when there was no Internet, petrol was 15 to 30 cents a litre (Gargett 1975), the 

rail-based public transport system (in reality an extension of the state-wide passenger and freight 

network) was slow and uncomfortable, and Perth’s roads were uncongested.  

The size of the commuting workforce in a future population of 3.5 million will be affected by aging 

and the extent of telecommuting. Its spatial distribution will be affected by many factors, including 

where families choose to live and from which to commence their daily journeys, alternatives to 

mass transit, improved road capacity, new automobile technologies (including electric-powered 

and autonomous vehicles), demand management policies, and the growth of ‘telecommuting’ and 

electronically-enabled education. There is also potential for work hours (and therefore peak travel 

intensity and times) to change under the influence of these and other factors. What is certain is that 

the mid-21st century world will differ from today’s in many ways, some affecting our travel to work 

behaviours. Estimating what part of the workforce and other ‘peak period’ travellers will use mass 

rapid transit 35-40 years into the future has been far from simple and has required innovative 

approaches with sensitivity testing of potential demand. 

Reliable information about ‘external factors’ will become more available over time for future more 
detailed refinements of a long-term plan. To provide guidance for future transit system planners, 
we have tested the sensitivity of our findings regarding the future transit network to differing 
outcomes for the distribution of jobs across Perth and Peel when Western Australia’s capital city 
metropolis reaches a population of 3.5 million.  

Useful direct comparison of Perth’s situation and opportunities compared with those apparent in 
other cities has been difficult due to different development histories, urban densities, climates and 
travel ‘cultures’. For example the mass transit systems in Sydney, Melbourne and many North 
American and European cities were developed during the nineteenth century when urban forms 
were typically compact and both population and employment locations were materially ‘denser’. 
Perth is a very (late) 20th century metropolis. This research has therefore relied on the expert 
advice of Professor Corrine Mulley, including benchmarking with other cities (Mulley 2015a: 
Working Paper 5), and the HiTrans © principles for network design (Neilson et al 2005).  

This study contains no benefit/cost appraisal of investment option. That will be appropriate for 
future studies in which detailed infrastructure planning will occur.  

2. The urban planning context 

A well planned public transport system will influence and support a chosen land use structure. The 
aspiration for Perth and Peel is to slow the seemingly inexorable linear expansion of urban 
development, by increasing population density. High quality public transit services are critically 
important to encouraging this desired ‘densification’. Conversely, growing population density will 
be critically important for the viability of public transport investments. Greater density especially 
in targeted ‘Activity Centres’ will increase the number of travellers on the mass transit network, 
provided they receive frequent and convenient services in step with demand, gradually stimulating 
the development in Perth of stronger habits – a ‘culture‘ – favouring much urban travel by public 
transport. 

The WAPC has provided the urban planning framework for a ‘connected city’ in which the public 
transport network and land use development policy will be mutually supportive (WAPC 2015).  An 
aim of the ‘connected city’ is “to provide an efficient and effective regional  movement  network for  
people  and  freight  that is integrated with land uses, links key employment opportunities and 
connects the sub-regions to the greater Perth and Peel regions and other parts of the State”. 
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Figure 2: The ‘Connected City’ spatial plan for Perth and Peel  

 

(Source: Draft Perth and Peel @3.5million, WAPC, May 2015, Figure 6, p 25)  
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Figure 3: Population distribution in 2015 and at 3.5 million population 
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Figure 2 shows the ‘Connected City’ spatial plan for Perth and Peel, including existing ‘mass rapid 
transit’ passenger rail lines and ‘Activity Centres’ (WAPC 2015).  For the urban movement system 
the aim of this policy, which supports denser land use, is consistent with the aim of creating a strong 
“level of ‘choice’ rather than ‘capture’ in public transport use.” (Mulley 2015).   

For this research, the size and spatial distribution of population (Figure 3) and employment (except 
for employment scenario testing mentioned above) have been provided to us by the WA 
Department of Planning on behalf of WAPC.    

Demographic and employment data for this research are therefore consistent with the chosen 
‘connected city’ growth pattern, the principal features of which are inter alia (WAPC 2015): 

 A strong central business district that is the business, finance, service, retail, cultural and 
entertainment centre of the State. 

 A network of connected Activity Centres with high-quality public transport and road linkages. 

 High-quality global and local infrastructure networks including public transport, and  

 Urban form that maximises the use of existing infrastructure assets in parallel with extending 
infrastructure into developing areas of the outer sub-regions.   

There is much debate about the wisdom and practicality of the present urban planning growth path, 
especially of its goals for ‘densification’. Critics have labelled it both insufficient and excessive. Our 
brief has been simply to advise on infrastructure requirements for the chosen policy and related 
distributions of population and employment. If the desired policy outcomes do not occur, then the 
infrastructure proposed by our research will need to be reconsidered.  

3. The future context 

It is certain that the Perth and Peel in which 3.5 million people will live in three and a half to four 
decades from now will differ materially from our present experience, and that this will affect our 
individual work and travel choices. The changes which have occurred over the same span of time 
to 2015 have in many spheres been very great, in technology, employment types and locations, 
housing preferences and social norms. We can expect more of the same, some of it now visible in 
current trends, some as yet unknown to us. Significant ‘disruptions’ to technology, work and social 
norms will affect the nature and location of urban activities and the connecting travel between 
them.2  

Whatever our imagination can conjure in relation to these trends, it would be wise to recall that in 
the past there have been large ‘cultural’ shifts in the use of public transport attributable to 
disruptive technologies. For example, the plunge in public transport's modal share over a few 
decades due to rising car ownership and use, from 45% in 1940 (before the effect of wartime and 
post-war petrol rationing) to its nadir of 10% in the 1980s.  Dramatic changes are possible, indeed 
likely, in future.  However, it is impossible to gauge the impacts any of these potential changes might 
have on our travel habits four decades into the future, in particular, the effects these might have in 
aggravating or diminishing the 'peakiness' of daily travel and/or in altering materially the mode 
share of public transport. Sensitivity testing on employment scenarios carried out during this 
research has aimed to assess what effects are possible. 

Areas where present trends, past experience and ‘futures’ thinking suggest there is significant 
potential for change, and for impact on travel behaviour, are:  

                                                             
2   This section of this report draws from Working Paper 1: Future Trends and Mass Transit 2050. 
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 Housing preferences: The 'planning framework' assumed for this research foresees material 
change in the mixture of available housing styles, so there will be many more medium and high 
density homes (WAPC 2015). 'High density' has been seen by some to be undesirable, but 
current trends in new residential building and household formation suggest this view is 
changing. Trends towards smaller families including singles living is likely to accelerate 
growth in medium and high-density housing. Increasing acceptance and use of modular and 
other construction technologies – e.g. ‘3D printing’ of construction modules – making higher 
density housing forms more affordable, is likely to further boost the trend towards higher 
density urban development. Homes in most higher density contexts will have good access to 
public transport, including in walkable 'transit oriented development' precincts. These trends 
have the potential to increase the use of public transport, provided it is available.  

 Employment changes: More portfolio-type careers are likely, combining multiple part-time 
roles and project-based jobs. It is also possible that loss of some employment opportunities 
and types through automation, together with anticipated rising levels of self-employment, 
flexible work arrangements, part-time work, variable work hours, workforce ‘casualisation’, 
telecommuting and co-working, will also result in time- and space-distributed work with less 
demand for peak period mass transit. Similarly, more distributed retail and tertiary education 
models with on-line services replacing some face-to-face activity, could potentially generate 
less demand for mass transit.3 There is some evidence, however, that information and 
communication technology (ICT) can be both complementary to and generative of physical 
travel, but this travel might be less peakily distributed travel across the entire network, with 
less requirements for mass transit along a few, specific routes.   

 Car use and ownership: Car ownership is still increasing in Australian cities including Perth at 
a higher rate than population growth.4 Trending in the converse direction, there is evidence 
that across the world and in Australian cities, including Perth, ‘peak car’ has been reached with 
average car passenger-kilometres travelled per capita declining since around 2004/5, while 
public transit travel is increasing.5 ‘Millennials’ purportedly have less interest in car ownership 
and an emerging preference for public transport. With population growing, it is likely traffic 
congestion will also continue to grow, in spite of demand-management policies, and travel by 
car will reduce in effective speed. These trends could translate to fewer trips made by car and 
shorter distances travelled. Reinforced by changes in urban form, and in employment types 
and locations, it is very plausible that in future decades a growing number of commuters and 
other urban travellers will choose public transport.   

 Demand management policies: Successful implementation of a range of complementary 
policies to reduce single occupancy vehicle travel, generally with the aim of reducing 
congestion, could result in increased demand for public transport but could equally be 
overtaken by other factors mentioned here, especially disruptive technologies. 

 Intelligent Transport Systems (ITS): Congestion reduction through the use of real time 
information to manage road transport systems could result in attracting more road-based 
travel, further enhanced by increased trends of autonomous vehicle uptake. However, in the 
face of population growth during the four-decade horizon of this research, it is unlikely ITS will 
limit indefinitely the growth of traffic congestion, sufficiently to counter other trends towards 
greater public transport use.   

 Autonomous vehicles: It is uncertain how these will affect car ownership and use, and critically 
choices to use public transport. Whatever their effects, it is likely they will be significant three 
and a half to four decades from now, with autonomous vehicles capturing a substantial – 

                                                             
3   Department of Transport 2015. External Factors likely to affect current travel patterns, author Hugo Wildermuth.  

4   Committee for Perth 2013. The Rising Cost of Living in Perth http://www.committeeforperth.com.au/pdf/CostOf 
Living/CostOfLiving5a.pdf. 

5   Newman, P & Kenworthy, J 2015. The End of Automobile Dependence - How Cities are Moving Beyond Car-Based 
Planning, Island Press, Washington DC. 
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possibly a majority – share of all vehicle travel by 20506. There are views that shared 
autonomous vehicles could complement public transport by enhancing access to public 
transport stations and ‘stops’, and therefore replace shorter distance public transport where 
mass transit does not confer a time and access benefit. Conversely, growing traffic congestion 
will reduce the attraction of all forms of individual or group car travel.   

Careful monitoring will be needed to assess the potential long-term impact of these trends and 
counter-trends on the mode shares achieved by public transport in coming decades.  

The potential changes identified above will be ‘exogenous’ to Perth’s future public transport system 
– that is, originating from outside it. Experience in Perth and in other comparable cities suggests 
that changes in the public transport system itself, coupled with continuing growth in population, 
also have the potential to change travel preferences, albeit only gradually. The ‘market share’ of 
travel in Perth and Peel using public transport was approximately 5.6% in 2014 (PTA 2015). The 
average annual increase in public transport usage between 1999 and 2013 was 2.08% (PTA 2015). 
Simple extrapolation of this growth in public transport usage – from growth in network coverage 
and in population – would potentially result in the ‘market share’ of public transport in Perth 
increasing to 8-9% by 2030 and 11-12% in 2050. This would be broadly consistent with 
relationships between populations (and by implication population density) and transit usage for 
work-trips in other comparable cities (Wong 2009), and illustrated here in Figure 4.  The greatest 
potential for increasing the public transport mode share is in the provision of attractive and 
competitive services to and from major Activity Centres, mimicking the already significant role that 
mass rapid transit has in serving the CBD.  

Figure 4: Relationship between Population Size and Transit Usage for Work Trips  

 

                                                             
6    Litman, T 2015. Autonomous vehicle implementation predictions – implications for transport planning. Victoria 
Transport Policy Institute. http://www.vtpi.org/avip.pdf. 
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4. Overview of approach to identifying the need for new network links 

Future needs for additions to the mass transit network will arise from: 

 Shortfalls in the capacity of existing radial links in the network compared with estimated 
transit demand.  

 The need for greater orbital connectivity between these radial links, and for improved network 
operating integrity, safety and efficiency.  

 The need to provide services to areas not adequately served by the present MRT network. 

 The need in the CBD, and eventually beyond, for distribution systems which are separate from 
the main-line MRT network, as the flow of commuters to the CBD increases and as demand for 
short-distance services increases from inner-city residents, shoppers and people attending 
sporting fixtures close to the central area. 

To identify future shortfalls in network capacity, our approach has been to quantify:  

 The estimated ‘one-hour’ peak daily demand for travel on all present MRT network links and 
stations for a population of 3.5 million.  

 The maximum daily peak-period carrying capacity of each principal network link after 
completion of all network improvements identified by the Public Transport Authority up to 
2031, including the contributions to new carrying capacity of increases from additional and 
higher-capacity passenger carriages, improved train control and signalling systems, expanded 
stations and network additions.7  

 The difference between the feasible capacity on present MRT network links and stations and 
estimated future demand for a population of 3.5 million. 

From these estimates, we identified options for new network links and stations able to provide the 
extra capacity needed to carry the indicated ‘overflow’, to provide improved connectivity between 
major Activity Centres and efficient and safe access to the growing Perth central area, and to ensure 
network operational ‘robustness’. Where judged to be feasible we have highlighted opportunities 
for system innovation, including options for the application of contemporary ‘Metro’ technology, 
light rail and bus rapid transit.  

The value of the MRT system cannot be measured solely by its ability to effectively serve travellers 
in the ‘peak’. Matching this peak capacity requirement simply ensures that the system can provide 
a quality service to all comers when at its busiest. In this regard, Working Paper 4 comments, “In 
the sensitivity analysis, the results are based on the peak travel demand between 7:30 and 8:30am, 
assuming not only that this is the most pressing issue (ensuring carrying capacity), but also that 
this traffic is the determinant of daily ridership for the mass transit. However,  … the daily ridership 
[is more] relevant for the economic viability of any mass transit infrastructure, [and] may 
potentially be higher on other O-D relationships and throughout the day, for purposes other than 
commuting, e.g. education, health, shopping, recreation.” 

4.1 Principles to guide network development for 3.5 million and beyond 

The shape of a long-term plan for the MRT network serving Perth and Peel requires clear principles. 
It is important for achieving the urban development goals for Perth and Peel that increasing 
numbers of urban travellers routinely select public transport, especially for journey-to-work trips. 
For this to occur their choices must be supported by a strong ‘network effect’, that is by frequency, 
speed and perceived ease of transfer between services on the network. This ‘network effect’ is 
reinforced when travellers are willing to make transfers, as routinely occurs in large city transit 
systems. Congestion in transfer stations and transit vehicles deters choice.   

Shaping the network must perforce take one of two directions: “matching services to demand or 
matching services to need” (Mulley 2015a). Networks adapted to traveller demand aim to provide 

                                                             
7    Information on these for this research was provided by the PTA (Public Transport Authority 2015).  
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service frequency and journey times which compare well with private car travel times. On the other 
hand, networks which match services to need aim to provide broad geographic coverage, sacrificing 
frequency and journey times. To provide high frequency services, demand-based networks require 
corridors where demand is concentrated. Frequency can be varied by time of day to more closely 
match demand. High frequency (2 minutes ‘headways’ in the peak) provides ‘turn-up and go’ 
convenience which will attract riders to mass rapid transit services. 

A ‘demand-based’ network is the choice made for this research, with ‘coverage’ achieved by 
connecting distribution and feeder services. The relatively low density of Perth’s population, even 
after increases sought by current urban development policy, will continue to make it imperative 
that passenger movements be concentrated on fewer lines. The alternative would be less 
frequency, fewer travellers choosing to use public transport and the financial consequences this 
would bring.   

We have also based our selection of links for inclusion in the long-term future Perth and Peel MRT 
network on physical design and performance criteria aimed at avoiding more costly or otherwise 
undesirable options. This means “building on the existing radial structure to the extent that this is 
possible.” (Mulley 2015b)  

We have used the following nine principles to identify and locate desirable new network links:  

 The primary aim of the MRT network should be to serve growth corridors and link designated 
strategic Activity Centres. The predominantly ‘heavy rail’ MRT network should be 
supplemented by Metro, road-based LRT (light rail), bus rapid transit (BRT) and bus priority 
services, where they will strengthen the demand-based MRT network.  

 New radial links should be provided where they will ensure the future capacity of the MRT 
network can accommodate forecast patronage to 3.5 million and in the years ‘beyond’. 

 New ‘orbital’ links should be provided where warranted to provide connections between 
Activity Centres and the radial network, and to enhance network capacity where necessary.    

 New radial and orbital links should be provided where necessary to enhance network 
operating robustness. 

 Where feasible, new technology should be employed to enhance the travelling experience and 
lift operating performance (capacity, frequency and/or speed). 

 Links to provide for entry to and distribution within the Perth central area should aim to 
protect the efficient operation of existing ‘through-routing’ rail-based services. In the ‘beyond 
3.5 million’ years this will require an inner city ‘metro’ distribution system in the Perth central 
area separate from the present ‘heavy-rail’ MRT network.      

 The MRT network should avoid using any part of controlled access highway corridors which 
are prescribed for strategic freight transport, to preserve space in road reserves for future 
growth in road freight. MRT rail tracks and freight rail tracks must remain separate. 

 Where practicable new MRT links should be placed in controlled access highway corridors, 
provided they will not impact future capacity to accommodate freight vehicles or compromise 
the quality of potential future transit-oriented development precincts, and otherwise be 
placed in tunnels.  

 Provision of all new links in the MRT network should strengthen the chosen ‘demand-based’ 
network structure aimed at achieving user-friendly high-frequency services.  

New links in the MRT network have been identified as likely to be required for patronage generated 
by a Perth and Peel population of 3.5 million (in about 2050) and in the years beyond. We have also 
identified links which are likely to be required in the years after the population of Perth and Peel 
reaches 2.7 million (in approximately 2030) but before it reaches 3.5 million.  

Until the 2.7 million population horizon is reached, the main, though not exclusive, requirement 
will be for lines built on the surface in current transport corridor reserves. In the years between 
the 2.7 million and 3.5 million horizons, and beyond, construction of extended radial lines, new 
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orbital links and an inner city ‘metro’ distributor will be required. Much of this construction to the 
3.5 million horizon and beyond is likely to be in tunnels.   

Exploiting the benefits gained from the ‘network effect’ described in this report will require 
effective and well-connected stations in these locations. Primary objectives should be integration 
into the urban form, compliance with functional transport requirements and accessibility from all 
connecting modes including bus transfer, drop-off and pedestrians and cycling routes.  

Careful structure planning of new station precincts will therefore be important to the success of 
responsive urban development opportunities. Some critical factors in transit station planning and 
design are “attractiveness”, service quality and network links. Attractiveness is a combination of 
convenience (access) and ease of use (amenity).   

To be attractive to users, and help in developing a long-term ‘transit culture’, transit stations must 
be well located, visible, accessible, comfortable, safe, and protected from the elements. Relevant 
urban structure planning should be undertaken in conjunction with long-term planning for new 
transit corridors. Many future stations will be incorporated into the existing urban form, and some 
will require major adjustments to existing road networks and urban structure plans.  

4.2 Maximum daily peak carrying capacity of present and committed MRT network 

Capacity constraints on all present radial corridors are most severe at their entry to the CBD and 
on platforms in the Perth Underground and Perth Central stations. These are important potential 
choke-points in the present system. Assumed passenger capacity limits for present MRT corridors 
are: for North (Yanchep/Joondalup-City) and South (Mandurah-City) 26,400 per hour and for the 
Fremantle, Armadale and Midland lines 18,000 per hour (PTA 2015).  These limits will require on-
going assessment in the light of future system investments. 

The future-looking Route Utilisation Strategy being developed by the Public Transport Authority 
proposes a suite of capacity-enhancing investments across the urban passenger rail network, 
sufficient to cater for forecast patronage to at least 2031. These include passenger carriages with 
higher carrying capacity and more doors to reduce boarding and detraining times, signalling 
system and station improvements.8  

Where passenger boardings in the morning peak hour estimated for 3.5 million population exceed 
these levels, network capacity enhancement will be needed.  

4.3 Estimating peak daily transit demand for 3.5 million 

It is conventional for public transport network planning to be guided by complex computer-based 
statistically-driven ‘four-step’ demand models,9 which estimate future commuter trips in a ‘target 
year’ across complex networks to and from each of a large number of urban ‘travel zones’. These 
have commonly been used, including in Perth, where planning horizons are up to a decade or two 
in the future. Public transport planning in Perth uses STEM (the ‘Strategic Transport Evaluation 
Model’) which has been progressively upgraded to use the most recent available evaluation tools.  

It is our view that the uncertainties arising from the very much longer planning horizon in this 
research – three and a half to four decades – require a more transparent and simpler approach in 

                                                             
8    Train configurations assumed are: for the North/South lines (Mandurah/City/Joondalup) 6-cars C series carriages 
(1,100 passengers per train) @ 24 trains/hr; for the Fremantle, Armadale and Midland lines 6-car B series carriages (total 
900 passengers per train) @ 20 trains/hr. 

9   See for example, www.massdot.state.ma.us/Portals/17/docs/StatewideModel/StatewideModelDescription.pdf. 
Models to assist Perth metropolitan transport infrastructure planning were reviewed by PATREC in 2014; see Taplin, 
John, Michael Taylor, Doina Olaru and Sharon Biermann 2014, Transport Modelling Review (http://www.patrec. 
uwa.edu.au/__data/assets/ pdf_file/0003/2578710/2014-Transport-Modelling-Review.pdf).  

http://www.massdot.state.ma.us/Portals/17/docs/StatewideModel/StatewideModelDescription.pdf
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which key variables can be more openly, simply and quickly varied to gauge the sensitivity of 
outcomes to differing estimates of these key variables.10, 11 

Estimates of the maximum carrying capacity required by the future mass rapid transit network 
have been based on the demand for travel-to-work trips by public transport, for travel on public 
transport to education, and other public transport trips typically occurring in the peak one-hour 
morning and evening travel times. This requires estimation of total work and related trips and of 
the percentage of travellers choosing to travel by mass rapid transit (‘modal share’). 12  

The starting point for estimating peak demand for MRT trips has been to estimate the numbers of 
people employed and their workplace distribution in locations across the Perth and Peel regions at 
3.5 million population; 68 geographic ‘zones’ were used. Peak travel demand has been expressed 
as one-way trips between residential and workplace zones in peak travel times. The weekday daily 
travel ‘peak hour’ used was 7.30 a.m. to 8.30 a.m. ‘Central’ estimates of inter-zonal travel demand 
were validated by STEM modelling using the same population and employment estimates; variance 
from STEM estimates were in the acceptable range of +/- 1% to 5%.13    

To assess how variability in the required capacity for the AM peak was associated with sources of 
uncertainty in the ‘sketch-planning’ model inputs, sensitivity analysis was undertaken for six 
elements: the percentage of employees travelling to work in any given work day, the percentage of 
trips at peak hour, the percentage of commuting trips from the ‘outer’ and ‘inner’ regions to the 
main destinations by public transport, and the percentage of trips made by students and for other 
purposes at peak hour.10 This analysis was needed as it guided the designer and user of the model 
on where to focus their efforts for more robust data and/or more detailed modelling. 

The results indicate that the percentage of trips for other purposes, trip ‘generation’ for 
employment and education, and the ‘peak-hour’ proportion are the most influential elements that 
can change the patronage. The assumptions made for these inputs have distinct effects, varying by 
corridor, and thus require additional investigation.10   

Also tested for its impact on peak-hour travel demand was an employment distribution scenario 
with a higher concentration of the workforce in the CBD (53% rather than our Base Case 49%). The 
impact of this alternative employment distribution scenario on patronage demand was only slight. 
For a substantial lift in critical patronage numbers to occur, employment in the CBD would need to 
increase to ‘European’ proportions. 

To avoid under-estimation of total travel to work and public transport modal share, we have 
increased our ‘raw’ estimates of future MRT travel demand by 33%, comprising 10% for potentially 
higher Perth central area employment, 10% to allow for greater demand as population grows 

                                                             
10   The approach used for estimating patronage in this research, and sensitivity analysis of key variables, are described 
in our Working Paper 4: Olaru, D, Piggott, L, Biermann S, Smith, B, McCarney, G, Patterson, D. (2015), Sensitivity Analysis 
for Mass Transit Options. 

11   This approach to network modelling and planning is authoritatively endorsed by the authors of the HiTrans Best 

Practice Guide for public transport planning: “Network planning is hard work….  The tools of practical planning should 

support a process of drafting, analysing and redrafting network proposals. Even in the time of the ever more powerful 

and user-friendly computer, the traditional tools of the map, coloured pencils and sketching paper are very practical in 
facilitating open and creative discussion among planners.” Public transport – Planning the Networks. HiTrans Best 

Practice Guide 2 2005, page 10. Sketch planning models have a long history of applications in transport modelling, where 

the traditional four-steps are simplified or only partially applied, depending on the problem at hand (see Working Paper 

4: Sensitivity Analysis for Mass Transit Options, page 7). 

12   The assumed proportion of student peak hour trips on public transport has been estimated at 2% on all lines except 
Fremantle, for which 11% is the estimated proportion. Non-work trips in the peak hour are estimated at 1% on all lines.  
Public transport mode shares have been provided to us from empirical research and modelling by Arup Consultants, as 
follows by destinations: (a) for the CBD, 70% from outer suburban locations and 40% from inner suburban origins; (b) 
for Midland, Rockingham, Mandurah and Claremont, 20% from distant origins and 25% from closer origins; (c) for 
Fremantle, Murdoch, Curtin and UWA/QEII, 35% from distant origins and 45% from closer origins; (d) for Morley, 
Shenton Park and Subiaco, 40% from distant origins and 35% from closer origins.     

13   Employment scenario modelling carried out during this research is reported in Working Paper 2: McFarlane, Jason 
and Robert Kyne 2015, Employment and Population Scenario Modelling.   
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beyond 3.5 million, and 10% for possible estimation error. The resulting estimates of peak-hour 
passenger demand at 3.5 million population on key segments of the MRT network (present, 
committed to 2031 and proposed in this report) are shown in Figure 5 below. 

Figure 5: Passenger Boardings at 3.5 million population on the Mass Transit Network 
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1. Current Network  
(Note 1) 

34,000 24,100 - - - 17,700 15,000 5,300 

2. Plus: Stirling to UWA only 
(Notes 1 & 2) 

28,000 24,100 - 6,000 - 17,700 15,000 5,300 

3. Plus: Murdoch to Shenton 
Pk only (Notes 1 & 3) 

34,000 19,300 - - 4,800 17,700 15,000 5,300 

4. Plus: NE Radial only  
(Note 3) 

21,000 24,100 20,600 - - 17,700 15,000 5,300 

5. Plus: All (Note 1) 15,000 19,300 20,600 6,000 4,800 17,700 15,000 5,300 

Notes:  (1) Patronage shown here are sketch planning estimates results plus 33% (see text above). 

(2) Patronage from the proposed Stirling-to-UWA and Murdoch-to-Shenton Park lines are likely to be higher than 
shown due to opportunistic land-use development and higher mode shares. 

(3) North-East line patronage is based on serving all trips to/from north of Currumbine plus the East Wanneroo zone. 
With a different operating strategy could balance the Joondalup line (15,000) and the North-East line (20,600) to 
be about 18,000 each. 

Our research concluded that estimates of probable (high scenario) peak hour patronage on the 
MRT network with the 3.5 million population in Perth and Peel, assuming implementation of the 
network enhancements proposed in the PTA’s 2015 draft Route Utilisation Strategy, severe capacity 
limitations on the MRT network are likely to occur only on the north-south corridors.  

The capacity limitations imposed by the Perth Central railway station complex (Perth Central 
Station and Perth Underground Station, and adjacent Perth underground bus station – under 
construction) make it the important potential choke-point in the MRT network. Access by rail 
tracks from north and south, station platforms (especially in Perth Underground station), and 
communicating pedestrian walkways, escalators and lifts between all parts of the multi-station 
complex will become increasingly congested in coming years. It is important therefore to avoid 
loading more connections on this ‘system’.  

5. Overview of network enhancements to cater for Perth and Peel @ 3.5 m and beyond 

Our research identified a need for the following principal network enhancements to cater for a 
Perth and Peel population of 3.5 million and beyond: 

 Enhancements of capacity and service on the present rail-based MRT network proposed by the 
PTA in its 2015 draft Route Utilisation Study (upgrading the carriage fleet, signalling system 
and selected stations), completion of the proposed airport/ Forrestfield link and possibly 
extension of the present north-west line from Butler to Yanchep (the most northerly extension 
consistent with the WAPC’s urban growth strategy for 3.5 million, to Byford on the Armadale 
line and to Bellevue on the Midland line. These investments will add network capacity 
sufficient to meet demand forecast for a population of 2.7 million.  

 One new radial link to the east of the present northern line (referred to in this report as Inner 
and Outer Northeast radials), to connect growing suburbs and Activity Centres to the MRT 
network, to be completed in stages between the 2.7 and 3.5 million population horizons. 
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Selecting the alignment for this new radial corridor will require further detailed assessment of 
probable future growth of Activity Centres and of other factors affecting this corridor.   

 Orbital links providing access between major Activity Centres at UWA/QEII through the Perth 
central area to Victoria Park and Curtin/Bentley, which could also relieve capacity constraints 
on the present north-south line and potentially on the road network. 

 Completion of links connecting Thornlie Station to Cockburn Central and to a station serving 
the Canning Vale area, by the 2.7 million population horizon, and to Murdoch ‘Beyond 3.5’.   

 A ‘Metro’ CBD distributor, providing bi-directional connections between the Perth central core, 
East Perth, West Perth, Northbridge, Leederville, and the City terminus of a proposed North-
East corridor line.   

 New connections from the rail-based MRT network to Ellenbrook, Scarborough and 
Spearwood (by light rail, bus rapid transit or bus priority), some not until the years beyond 3.5 
million. Road-based links could also be required to Morley (by 2.7 million) and to East 
Wanneroo depending on the timing and alignment selection of an option in the north-east 
corridor. 

These new mass rapid transit links are shown in Figure 6.  

6. The Radial Network – options for the northeast corridor 

It is important that an MRT service be provided in the northeast corridor, for several reasons: 

 This corridor is in the only metropolitan quadrant currently lacking the level of public 
transport service which can be provided by mass rapid transit. 

 To provide MRT access to northeast Activity Centres, to strengthen their levels of economic 
and other activity. 

 To relieve pressure on the existing northern railway coming from the growth of its catchment 
(which is directly north of the Perth central area, especially in the area east of Wanneroo Road 
and south of Joondalup) and due to its proposed extension to Yanchep. 

 To relieve the pressure of passenger flows into and through the emerging choke points of Perth 
Underground station and Elizabeth Quay station. 

The following are two possible alternatives for providing MRT service in this corridor connecting 
key Activity Centres in the corridor and from either of them to the Perth central area: 

(a) A new MRT line diverging from the northern line near Currambine and running southwards 
via a proposed highway around the eastern boundary of East Wanneroo, Tonkin Highway and 
the Morley Activity Centre. Trains running from north of Currambine could potentially divert 
city-bound patronage from the present northern line. 

(b) A new more central MRT route which would diverge from the northern line between 
Edgewater and Joondalup stations and run southwards via Mirrabooka, Dianella, and Edith 
Cowan University’s Mount Lawley campus. This line would also relieve pressure on the 
northern line by serving demand from the catchment east of Wanneroo Road. 

At this stage there is no obviously favoured option. 

Both options could connect to the Perth central station complex, and continue to underground to 
Victoria Park via a new underground station at ‘Riverside’ and beneath the Midland line at either 
McIver or Claisebrook.  

This new northeast corridor line could continue southward beyond Claisebrook via a new 
‘Riverside’ station (near the Causeway) and terminate at Victoria Park station. Duplication of the 
Armadale line from Victoria Park to Beckenham Junction would also be necessary.  

The current MAX LRT proposal could be reconsidered in light of the chosen option in the inner 
north corridor.   MAX could remain as currently proposed (on-road LRT or BRT) or be replaced 
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Figure 6: A vision for the Perth and Peel MRT Network for 3.5 million and Beyond 
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by option (b) above. Depending on the solution chosen, an interim Bus Priority stage might be 
appropriate. 

Assessment of competing alternatives in the northeast corridor should include road-based orbital 
links to Activity Centres including routes such as Stirling-to-Bayswater via Dianella and Morley and 
to Ellenbrook. These will be important to provide access to these Activity Centres and good feeder 
services to MRT stations. 

7. An inner city ‘Metro’ distribution system  

As previously stated, the current Perth central city station complex (Perth Central Station, Perth 
Underground Station, and the adjacent Perth underground bus station now under construction) is 
a potential choke-point in the MRT network. Access by rail from north and south, station platforms 
(especially in underground stations) and communicating pedestrian walkways, escalators and lifts 
between all parts of the multi-station complex will become increasingly congested in coming years. 
It is important therefore to avoid adding more connections to this vitally important central city 
‘terminal system’, and to minimise the complex web of connections.  

For this reason it will also be necessary to provide an efficient Perth central-area distribution 
system, which should be independent from the radial MRT network but effectively connected to it 
by transfer points.  

This need could be met by an inner city ‘Metro’ system which would provide high-capacity high-
frequency distribution among all stations in the broad CBD area, including all those on the radial 
MRT network Instead of detraining in the existing Central or Underground stations, CBD-destined 
commuters could transfer to the Metro Distributor at stations stacked under or adjacent to the 
radial lines, using the Metro to travel to their destinations in the broad CBD. The 3.5 million 
population scenario will include a larger CBD area. 

It is necessary that this inner city Metro distribution system be separated from mainline rail 
services.  Unacceptable risks to safety, service quality and reliability would be created by mixing 
long-distance high-frequency through-running close-headway mainline commuter trains with 
similarly high-frequency but slower, smaller local ‘loop’ trains, using the same platforms, due to 
inevitable timetable slippages and platform congestion. 

Expert technical advice obtained for this report shows that a horizontal and vertical alignment for 
a CBD Metro distributor is available to acceptable standards.14  This would enable construction of 
a Metro distributor on the most difficult potential distributor location – along the southern side of 
the CBD, under Esplanade Station and under the Freeway – with sufficient elevation to allow 
construction of a station in West Perth. This Metro system could extend from the eastern CBD as 
far Subiaco and parts of Northbridge. 

8. Extensions of existing radials 

Three extensions to existing MRT radials are proposed. These are from Midland eastward to the 
nearby developing Bellevue area, from Armadale to Byford, and joining Thornlie to the existing 
north-south radial through Cockburn Central and Murdoch.  Care is needed however, to avoid 
northward and southward extensions of the MRT network ‘pulling’ the metropolitan area 
‘footprint’ into as-yet undeveloped areas where it will aggravate the tendency for ‘sprawl’.    

A link between the Thornlie branch and Forrestfield should be completed in the years beyond 3.5 
million. This link would increase operational connectivity by providing opportunities for additional 
non-CBD depot locations serving the whole network and for efficient train repositioning when 
required. 

                                                             
14   See Working Paper 7, Hoare, J, Preliminary Assessment of Options for a Metro City Distributor in Perth (2016).   
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9. A new Stirling – Murdoch Orbital  

The need for one rail-based orbital line linked to selected radials has been identified, most of it for 
completion before the 3.5 million population horizon. The distribution of population in 2050 
illustrated in Figure 3 provides visual evidence for the future need for this service.   

This would link significant Activity Centres in the near western suburbs, The University of Western 
Australia (UWA), Queen Elizabeth II (QEII) medical complex and the Murdoch Activity Centre, 
including Fiona Stanley Hospital, St John of God Murdoch private hospital and Murdoch University. 
By providing opportunities for transfers at Stirling (which are destined mainly to the western 
suburbs and other destinations on the Fremantle line), this new orbital route will also provide relief 
to the critical inner segment of the northern radial line and Perth Underground Station, where 
capacity will be under most pressure as Perth and Peel approach 3.5 million. It is likely that 
patronage will be enhanced by opportunistic development, and ongoing spare capacity on the 

Fremantle MRT line will provide other opportunities. 

This line, with connections between major Activity Centres north and south of the Swan River, has 
the potential also to reduce or defer the need for a new road crossing the river, by diverting some 
north-south travel from road to MRT. An underground MRT crossing extending southward from 
the UWA campus would require none of the large approach works associated with a major road 
crossing.   

There is a strong imperative to ensure the radial network is able to provide a high frequency of 
service at peak times. However, in the longer term there will also be a growing need for orbital 
services to provide easier access between major Activity Centres without transfers in inevitably 
congested CBD stations. The Stirling/Murdoch orbital link has been selected from the options 
evaluated. This should be supplemented by LRT and other road-based links (see below). In the 
decades before implementation of this part of the ‘vision’ there will be many opportunities for 
innovation in transit technology.  

It is proposed the Stirling-Murdoch Orbital connect to the Fremantle line through a redeveloped 
station at Shenton Park, and proceed to stations serving QE II and UWA. This partial orbital could 
form a worthwhile Stage 1, to be completed by the 2.7 million population horizon.  

Stage 2 of this orbital line, to be completed by the 3.5 million population horizon, would continue 
to Murdoch via Booragoon. As indicated in Figure 6, other stations should be located on this line 
between Stirling and Shenton Park and between QEII/UWA and Murdoch. The Stirling-Murdoch 
Orbital would require extensive tunnelling (mostly bored, but partly cut-and-cover), the costs for 
which are reducing. 

Complementing Stage 2 of the Stirling-Murdoch Orbital, it should be extended to allow trains to 
operate and people to travel eastward from Murdoch to Thornlie and northward to the CBD on the 
Armadale line, making a near complete circle.  

Stirling and Shenton Park are preferred transfer points from the Northern and Fremantle lines to 
this Orbital.  A new transfer station could be accommodated at Shenton Park where there is a large 
area of surplus land (previously the Royal Perth Hospital annexe) soon to be redeveloped. Separate 
stations should be provided in the QEII medical precinct and UWA (the locations of these have not 
been examined in detail). From Stirling to Shenton Park there are opportunities to avoid tunnel 
boring by cut-and-cover tunnel construction in Pierson Street and Selby Street, around Herdsman 
Lake and possibly elsewhere.  

In the years approaching the 3.5 million population horizon, the indicated peak-hour patronage on 
this orbital, deduced from inter-zonal travel-to-work boardings, are in the single-digit thousands 
daily, but it is our judgement that travel on this orbital link would attract significant latent demand 
for travel in this ‘knowledge arc’, which will link the CBD, the growing western extension of the 
CBD, collaborating research-hospital medical precincts, and the broader research and educational 
campuses at UWA and Murdoch. There is also potential for development of university-owned land 
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to the west of Shenton Park station. It is our judgement therefore that the Stirling/Murdoch Orbital 
should be available for use when the Perth and Peel population reach 3.5 million.  

There are alternatives to the route followed by this new orbital. Two have been examined and 
rejected in favour of the Stirling/Shenton Park/Murdoch link. These could include transfer stations 
at Subiaco (instead of Shenton Park) and at Cockburn or Canning Bridge (instead of Murdoch) and 
transfer to the radial network in the eastern CBD. Our assessment is that these alternatives would 
provide less strategically and collaboratively important linkages and at higher cost. An orbital 
linkage between UWA, the CBD and Curtin/Bentley would in our judgement be better provided by 
an ‘Inner Orbital’ LRT system. 

10. Inner Orbital LRT 

By the 2.7 million population horizon, there will be a need for an inner orbital link. This should be 
a road-based Light Rail Transit orbital connecting UWA/QEII via the central and eastern CBD, 
Victoria Park and Curtin/Bentley to Canning Bridge (a substantial portion of this route was 
committed as part of the MAX Light Rail project). This would provide transfer opportunities from 
the rail-based radial network and the northern corridor at West Perth (with connection to 
Fremantle), Perth Underground/Central railway stations, Perth Central Underground Bus Station, 
the eastern CBD and Canning Bridge. These opportunities for transfers would also provide relief to 
the congested central CBD stations.   

For this road-based Inner Orbital, in the period beyond the 3.5 million population horizon, there 
will be a need for further orbital links in the MRT network complementing the Stirling/Murdoch 
link.  This loop would provide transfer opportunities from the rail based radial network in the CBD 
with connection to Fremantle and other locations. 

Calculating the patronage for this link requires detailed analysis, using models such as STEM, rather 
than the ‘sketch planning’ method used in this study.  The need for and the timing of this route will 
depend on densification beyond what has been proposed in the Perth and Peel 3.5m Plan (WAPC 
2015).   

Even though the ‘sketch planning’ method is too coarse to provide sufficient information on 
patronage levels for a detailed design solution, it has the flexibility for quick assessment that shows 
that many of the potential inner links such as Stirling to Morley or Murdoch to Fremantle cannot 
justify LRT without substantial increases in urban density. They can however justify effective ‘Bus 
Priority’ measures. 

11. Other road-based connections    

To complete the network it is likely that a number of road-based links (‘bus rapid transit’ and ‘bus 
priority’) will be warranted before the 3.5 million population horizon. These would link ‘Activity 
Centres’ not served by rail to the rail network, or to the road-based Inner Orbital.  

A bus rapid transit (BRT) systems should be considered to serve Ellenbrook by a connection to 
Bassendean via the Upper Swan Growth Corridor or to the Northeast line.  

Bus Priority links should be considered: 

 To connect Morley to Bayswater Station to access the airport line and provide an alternative 
route to the CBD via the Midland rail line. 

 To connect Fremantle to Booragoon via Marmion Street, providing transfers also the north 
and south on the Stirling/Murdoch loop line. 

 To connect Murdoch to Fremantle. 

 To connect Cottesloe to UWA/QEII via Stirling Highway. 
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12. A Timetable for Perth and Peel MRT for 3.5 Million and Beyond 

Figure 7 summarises the timing envisaged by this research for implementation of the network 
enhancements outlined above.  

Figure 7: A Timetable for Perth and Peel MRT for 3.5 Million and Beyond 

Network Segment By 2.7 

million 

By 3.5 

million 

Beyond 

3.5 million 

Inner North: (City/Victoria Park – Morley or Mirrabooka)    

Outer North (Morley or Mirrabooka – Edgewater or Currambine)    

Inner City ‘Metro’ Distributor    

Stirling-Murdoch Orbital: Stage 1 (Stirling – UWA/QEII)    

Stirling-Murdoch Orbital: Stage 2 (UWA/QEII - Murdoch)    

Inner Orbital Light Rail: Stage 1 (QEII/UWA to Victoria Park)    

Inner Orbital Light Rail: Stage 2 (Victoria Park to Canning Bridge)    

Inner Orbital Light Rail: Stage 3 (Canning Bridge to Booragoon)    

Beckenham Junction – Forrestfield    

Cockburn Central – Thornlie     

Murdoch – Thornlie    

Radial Extensions (Yanchep / Byford / Bellevue)     

Scarborough Beach BRT    

Scarborough Beach conversion to LRT    

Murdoch – Fremantle / Cockburn LRT    

13. Developing a ‘Public Transport Culture’ 

This report presents a vision for the future development of mass rapid transit in Perth and Peel 
until mid-century and beyond, which is based squarely on rational analysis of empirical data and 
the Western Australian Planning Commission’ plan for future urban development, including a 
significant increase in population density.  

However, this report is not a ‘plan’ for infrastructure investment. Much detailed urban planning 
and its successful implementation, as well as related infrastructure planning and design will be 
required before financial and other commitments could be made to the envisaged enhancements. 
In the meantime the legacy of urban rail investment in the past 25 years has provided substantial 
network capacity allowing for this detailed planning and design to proceed in an ordered way. 

The greater reach and capacity of the future mass rapid transit network described in this report 
have been aimed to accommodate estimated patronage at the 3.5 million population ‘horizon’ 
during daily morning commuter ‘peaks’. But it will be appropriate to measure the full value of the 
network (when implemented) only in terms of its use by the whole population across the whole 
day, every day through every year to that time horizon.  

The extent of this use will be related directly to the future urban environment in Perth and Peel and 
the future ‘culture’ of urban travel prevailing in our metropolis in three and a half to four decades. 
More people working and living in planned Activity Centres across the metropolis (i.e. greater 
population density), with easily accessible MRT and supporting wide-area public transport  will 
generate greater MRT system usage, driven by more habitual day-to-day ‘turn-up and go’ cross-
town MRT trips … if the experience of most other large cities is any guide. It is likely that trends 
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supporting these outcomes will be strengthened by the future context of changes in technology, 
work and housing choices mentioned in section 3 of this report.  

Travel by public transport to and from the larger and burgeoning Activity Centres should also more 
closely resemble the large role it now has to and from the CBD.   

Some will identify these trends, when they occur, with development of a ‘public transport culture’, 
in which public transport is the default option for travel to work, school, shopping, sport and 
entertainment for the majority. This public transport culture is the norm in the majority of large 
cities across the world.  

This culture will be strengthened by growing density of population and employment, because it 
will be possible to provide conveniently located, frequent and fast public transport services where 
the amount of MRT ‘usage’ fully exploits the services on offer. Experience across the world shows 
that a public transport culture and therefore large-scale system ‘usage’ can be directly correlated 
with people living and working in urban precincts well served by public transport.  

The density of population envisaged for the Perth and Peel metropolis in mid-century will still be 
modest compared with many European and North American cities, and very much less than in fast-
developing Asian cities. Our vision for Perth’s mass rapid transit ‘understands’ this, and that if 
population density levels in Perth and Peel do not reach those envisaged in current land use 
planning for a future population of 3.5 million, some parts of this vision for Perth’s mass rapid 
transit network will need to be scaled back or slowed in their implementation.  
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1 EXECUTIVE SUMMARY 

Future technology driven trends and consumer preferences will impact how, when and where we 
work, live and travel, which could look very different from today. Some significant variables affecting 
transport are first, new models of shared mobility and consumption challenging private car 
ownership and second, whether there will be low or high take-up of technology. Trends, that have 
been general patterns until now, have been towards low density and identification with car use. 
Countertrends are emerging activities that have different effects to general trends. From various 
countertrends that exist now, for example higher density, Millennial pro public transport values, 
increasing use of public transport and decreasing use of cars, it is possible Perth could have high 
mass transit in 2050. However, this is only if services offered can compete with or are 
complemented by private on-demand and flexible services, with real time information enabling 
sensible choice of transport options.  
 
There are also other possible futures. For example, a focus on impacting climate change factors 
could lead to a low mobility mass transit scenario. If people adopt teleworking but have autonomous 
private vehicles in extended urban sprawl, which contribute to congestion, there could be a low to 
medium mass transit scenario. If things stay as they are, with private car ownership, drivers and low 
density, there could be a medium mass transit scenario. 
 
It is advisable to analyse the significant variables, trends and countertrends. Some are explored here, 
but this is not an exhaustive list. More research could enable effective decision-making about 
infrastructure and transport policies and assist to foresee the kinds of digital disruptors like Uber and 
AirBnB and perhaps respond to them before they are upon us. 
 

1.1     Variable - shared mobility 

Shared mobility and consumption are a significant variable, which could influence higher density and 
mass transit preferences. Shared mobility is already here in Perth with Uber and will go another step 
with the introduction of Uber Pool ride share services in 2016. The Minister for Transport has 
announced that changes to legislation to make Uber legal will go ahead and that other companies 
are also wanting to establish ride share services in Perth (Le Messurier 2015). Uber claims to be 
helping Perth with the first mile - last mile problem, based on data on trips to and from some train 
stations (Sas 2015). Australian and overseas research (Dowling & Kent 2015) has found car share 
services , which are services where members pay to use a car either monthly or per kilometre, can 
be complementary to public transport.  
 

1.2 Countertrends – higher density, millennial values, increasing public transit use 

There are a number of other countertrends, which could also influence mass transit preferences. 
Millennials have a reduced interest in car ownership and a preference for public transport, with 
some evidence that trend may continue even when they have children. Perth is becoming higher 
density, with more higher density construction, and higher density is one of the factors required for 
more use of public transport. There is evidence that in Perth per capita car use is declining and 
public transit travel has increased (Newman & Kenworthy 2015). Household goods are becoming 
part of the sharing economy through applications such as Openshed (Allen & Berg 2014), which 
along with assets like books, music and films becoming intangible could support higher density 
preferences as less space may be needed in homes for material assets. 
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1.3 Private vs shared autonomous vehicles 

If the current private car ownership preference extends to autonomous vehicles when they become 
widely available, impacts may be bad for congestion, urban sprawl and mass transit use. Shared 
autonomous vehicles, particularly ride share, could positively affect congestion. Shared autonomous 
vehicles could be used to get to and from train stations and increase their catchment area, 
complementing public transport. However, they could also replace public transport where mass 
transit does not confer a time benefit. More research is required into the effects on mass transit of 
privately owned and shared autonomous vehicles. 
 

1.4 Climate change and low mobility 

If technological solutions do not appear quickly to climate change, international pressures (for 
example from the Paris agreement) or rising fuel prices could cause a return to low mobility and 
more active and public transport (Moriarty & Honnery 2008). The emphasis would be on high local 
travel and low long distance travel, so use of mass transit would probably decline. 
 

1.5 Employment trends leading to time and space distributed travel 

Loss of jobs through automation, rising global self-employment, diversification of work hours, 
telecommuting and co-working are all current countertrends, which could result in time and space 
distributed mass transit travel.  
 

1.6 More research required 

More analysis of and research into these significant variables such as shared mobility, the sharing 
economy, effects of shared versus privately owned autonomous vehicles, possible impacts from 
climate change pressures and employment countertrends may be required to determine what 
infrastructure and mass transit policy responses will be required in the future. 
 

1.7 Scenarios based on private vs shared mobility and low vs high technology 
take-up 

Some scenarios have been developed using the significant variables of whether vehicles are privately 
owned or shared and whether there is low or high technology take-up. They also use some of the 
trends and countertrends to see what kind of transport scenario would result. For a diagram 
summary of the four different scenarios, see Figure 1. 
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Figure 1: FOUR 2050 MASS TRANSIT SCENARIOS 

Shared mobility  

Private mobility  

Low technology 
take-up 

High 
technology 

 

OWNERSHIP / DIGITAL ECONOMY 
Work: Telecommuting for part of the 
week. Digital interaction preference. 24/7 
space and time distributed. 
Living: Low density highly extended 
sprawl. Privacy and ownership valued. 
Mobility: Private autonomous vehicle (AV) 
ownership complemented by private on 
demand AV services. State run AV mass 
transit when convenient.  

STATUS QUO ECONOMY 
Work: Central city offices, extended 
peaks. 
Living: Low density urban sprawl.  
Mobility: Private non-automated 
vehicle ownership complemented by 
private taxis / Uber. State run mass 
transit used where convenient in hub 
and spoke model. 

HIGH MASS 
TRANSIT 

LOW MASS 
TRANSIT 

MEDIUM 
MASS TRANSIT 

LOW /MEDIUM 
MASS TRANSIT 

 

  
 

  
 

SHARING / ACCESS ECONOMY 
Work: City and activity centre co-working. 
24/7 time and space distributed. Face to 
face interaction preference. 
Living: High-density cities and activity 
centres. Access not ownership preferred. 
Mobility: Local and intercity State run 
travel demand high. Millennials led 
provision of on demand, flexible 
autonomous public transport. Autonomous 
car share and ride share complement mass 
transit.  

CLIMATE CHANGE ECONOMY 
Work: Local. Time distributed. 
Living: Compact cities, high=density 
ecosuburbs. 
Mobility:  High local locally run (council 
/ community) travel demand. Low 
intercity State run travel demand. Bike 
and walking preferred.  
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2 INTRODUCTION 

This working paper explores some significant variables, trends and countertrends and their possible 
effects on mass transit in Perth, at the middle of the century. It is part of the “Mass Transit Plan for 
Perth and Peel Metropolitan Area at 3.5 Million and Beyond” and represents the background 
information for Section 3 of the final report.  
 

2.1       Structure of the working paper 

This working paper explores the significant variables of, shared versus private mobility (Section 3.1) 
and low and high take-up of technology (Section 3.2). Then, in Section 4, it analyses trends and 
countertrends in work, living and mobility. Trends are what has been the pattern up until now. 
Countertrends are emerging patterns likely to affect the future. Some of them include: 

- The peak hour city work day could turn into a 24/7 work schedule with varying hours and 
places, resulting in highly space and time distributed travel demand.  

- Living could be higher density if current countertrends prevail, or adherence to the Great 
Australian Dream of owning your own house could result in continued low-density living. 

- Mobility could move to an on-demand, shared mobility scenario with a preference for public 
transport or private mobility might triumph, leading to a lower mass transit demand. 

Section 5 presents four example scenarios using them to provoke thought about alternative possible 
futures and how they might affect mass transit. The scenarios are: Climate Change Economy, Status 
Quo Economy, Sharing / Access Economy and Ownership / Digital Economy. 
 
The working paper concludes with some general reflections and ideas for future research. 
 

3 SIGNIFICANT VARIABLES 

3.1 Shared vs private mobility  

Shared versus private mobility has been chosen as a significant variable as shared consumption is 
becoming a significant consumer pattern, particularly shared mobility. Millennials, who will be 
driving provision of services in the years to 2050, appear to have a stronger preference for public 
transport. Generally in Australia, the trend has been for high levels of private car ownership and use 
as compared to other modes of transport. The question is whether this is about to change. 
 
3.1.1 Shared mobility / consumption – the future? 
Two commonalities in sharing and collaborative consumption practices are 1) temporary access non 
ownership models of utilizing consumer goods and services and 2) reliance on the Internet, 
particularly Web 2.0, which allows users to contribute content and facilitates online booking 
systems, to bring this about. (Belk 2014). Decreasing transaction costs through technology also 
enable these systems (Allen & Berg 2014). Initially use was more evident in entertainment, with 
memberships being offered for access to films (Netflix, Easyflix, Quickflix). However, Web 2.0 has 
also facilitated car share and ride share services and on demand transport, such as Uber and GoGet.  
 
Other items can also be shared in this way. In Australia, an organisation called OpenShed had 5,000 
members Australia wide growing at 50 members per week as of 2014. It facilitates used item rental, 
with the most popular items being projectors, post hole diggers, moving trolleys, mowers and jet 
washers (Allen & Berg 2014). This shared use of items may facilitate higher density living, as people 
would not need as much space in their homes for items that are rarely used and might then 
preference smaller housing. 
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This booking system ability has enabled an ideology of the sharing economy, or “collaborative 
consumption”, where the aim is to access and share a wide variety of goods rather than owning 
them, to allow for efficient use of goods and do more with less. This is claimed to be a new economic 
model and change in consumption values (Botsman & Rogers 2010). There may be a shift from 
individual ownership to shared ownership or short-term rental (Belk 2014). 
 
Shared use mobility is one of the highest profile sectors in the collaborative consumption space (ITSA 
2015). A prime target for efficiency is the car, given that the average car is used less than 10% of the 
time. Some shared mobility service providers have explicitly linked their service to ideas about 
collaborative consumption. A cofounder of Zipcar has written a book sub-titled “How People and 
Platforms are Inventing the Collaborative economy” (Chase 2015). 
 
The sharing economy is compatible with use of public transport and mass transit. Millennials, at 
least in America, may be demonstrating this new consumer model in preferring access to public 
transport over ownership of private vehicles. The Rockefeller Foundation and Transportation for 
America found in a 2014 survey that 66% of Millennials said high quality transportation was one of 
the top three criteria they would use in deciding where to live, 47% said they would seriously 
consider giving up their car if there were a range of reliable transport options and 54% would 
consider locating to a different city if it had broader transport options (Myers 2014). Would such a 
survey obtain similar results in Australia? Research may be required. 
 
It has been thought that Millenials will shift their public transport preference when they become 
parents, but a 2014 nationwide US survey looked at transit usage of parents of school aged children 
(respondents under 30) and found millennial parents, at all income levels, were a lot more likely to 
use transit, which indicates that this may be a preference that will not change over time. In fact, they 
also found parents were just as likely as non-parents to use transit after controlling for factors like 
age and place of residence (TransitCentre 2014). Zipcar’s 2015 survey divided respondents by type of 
location and discovered that urbanites of all ages have similar attitudes to Millennials on transport 
(ITSA 2015). Again, Australian research needs to be examined to determine whether there would be 
likely to be similar effects in Perth. 
 
3.1.2 Privately owned autonomous vehicles - Effect – less mass transit demand 
General take-up of autonomous vehicles appears likely at least by 2050 even according to 
conservative reports (Litman 2014), and by 2040-2050 according to less conservative reports (MRWA 
2015). They will have different effects on mass transit depending on whether they are privately 
owned or shared.  

 
As fully automated vehicles (AVs) do not require driver input, more people could own them, 
providing ‘mobility freedom’ to those who cannot currently drive (KPMG 2012). Because AVs can 
provide convenient door to door service, public transport clients may be attracted back to cars and 
self-driving vehicles could replace public transport (MRWA 2015). Some predict self-driving services 
will obviate the need for standard public transport through affordability and availability of travel or 
at least reduce public transport travel demand and result in reduced services (Litman 2014). 
 
If there is a shift simply from owning current generation cars to privately owning AVs, more empty 
running trips could be generated as cars drop family members at locations and return home with no 
passengers. This could exacerbate congestion (Sun, Gladstone & Taplin forthcoming) and possibly 
lead to 10-20% additional trips in lower density suburban and rural areas (Litman 2014). People 
might also use the cars as mobile offices and travel more or continuously for part of the day 
(Mondschein 2014). 
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AVs may also facilitate further urban sprawl through allowing people to live further away from work 
(Litman 2014; MRWA 2015). Commuters could, for example, leave home at 4 am and sleep at the 
wheel of their autonomous cars for a three hour commute (Townsend 2014). Because work and 
other activities can be undertaken in AVs, it will be interesting to see if time spent in them is counted 
in the around one hour per day time budget that Marchetti (Marchetti 1994) found people are 
willing to use for travel. 
 
3.1.3 Shared autonomous vehicles - Effect – more mass transit demand? 
There is another alternative, if the impact of current international car sharing and ride sharing 
supported by automotive companies continues. Owned vehicles could be replaced by on-demand 
services such as car share services or shared self-driving taxis (Fagnant & Kockelman 2014) (Folsom 
2012; Greenblatt & Saxena 2015). These could be a cost effective alternative to owning a low annual 
travel vehicle (Litman 2014). There may be more trips made, but the cars would probably contain 
more people per trip and there would be less empty running as cars pick up new passengers nearby. 
Congestion may remain the same or even lessen.  
 
Car sharing services can enable people in high density areas to give up car ownership. Self-driving 
cars, if managed as a public utility through sharing, could complement public transport through 
providing good transport service in areas of low or dispersed demand (Alessandrini et al. 2015). 
Trains are a faster method of travel than cars or buses and self-driving cars, whether owned or 
shared, could provide feeder services (MRWA 2015) and enlarge their catchment area.  
 
There is also a possibility that circumstances such as high fuel costs might drive people back to public 
transport use, though the production of electric fuelled vehicles makes this less likely.  
 
It is not a foregone conclusion that shared automated vehicles (AVs) will definitely positively affect 
use of mass transit. A high mass transit scenario is possible if public transport provides more on-
demand and flexible services, which will match private offerings or links in with private providers to 
provide those services. Otherwise, it would be difficult to compete with cheap and convenient on-
demand door to door services provided by private providers (MRWA 2015).  
 
Currently, car share services operate mainly on the round trip model, where the commuter must 
drop off the car where they picked it up. With a point-to-point service, which AVs would provide, 
commuters have a door-to-door trip and do not have to return the car anywhere. Research into 
London commuter attitudes suggested if point to point car sharing services were available as well as 
round trip car sharing services, a reduction in public transport journeys was predicted, at least for 
personal travel (Le Vine et al. 2014). On the other hand, Uber is an on-demand service that is 
considered a shared mobility service. Uber has the two commonalities of collaborative consumption 
(Belk 2014), as there is both temporary access non-ownership of the car for the customer and 
reliance on the internet, in this case through mobile phones.  Recently, the Perth Uber manager 
stated at a seminar that Uber was assisting government with the first and last mile problem, showing 
a diagram of trips that had taken place to and from train stations (Sas 2015).  However, data is not 
currently available as to what percentage these trips are of total trips. Uber could be considered as 
providing the same type of service as a car share AV would, so this is possibly evidence that car share 
AVs could also be complementary to mass transit. 
 
There is great variety in shared mobility services. Modes include car share, ride share, bicycle share 
and on demand services such as Uber, where the driver is using their car more efficiently by using it 
to transport other people. Journey types include round trip or point to point. Transport ownership 
can be by a company or by a peer. Environment types could be high or low density. More research is 
required into impacts of different types of shared mobility on car ownership (Clewlow 2015) and use 
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of public transport to determine whether mass transit demand will be positively or negatively 
affected.  
 
3.1.4 Shared mobility / consumption, millennial values, shared autonomous vehicles – 
Effects cumulative for high mass transit? 
Millennials will be society leaders for some of the years leading up to 2050. If their shared mobility 
and pro public transport values continue, this could encourage a general preference for shared 
mobility. This could result in high mass transit use, complemented by firstly non-autonomous and 
then autonomous car share and ride share services. A preference for access to items rather than 
ownership could also lead to higher density living. Space for these items would not be needed in the 
home, so this might create a bias towards smaller dwellings. US transport scenarios imagined a 
possible collaborative consumption future where people have micro-apartments with few 
belongings in the home and order other items in from storage when required (Townsend 2014). As 
argued below under the Living section, higher density housing is linked to higher use of mass transit. 
It is possible values of shared consumption, shared mobility and renting or offsite storage of assets 
could have cumulative effects leading to a higher mass transit demand. 
 
3.1.5 Sharing orientation and low mobility- Effects – shared mobility, high density, low use 
of mass transit 
A new transport system based on a more sustainable world-view could see a reversion back to active 
and public transport (Moriarty & Honnery 2008). The international Paris Agreement of December 
2015 recognises climate change as an urgent and potentially irreversible threat and seeks to 
eliminate coal, oil and gas use for energy and replace fossil fuels with solar and wind power to limit 
global warming. The agreement will pressure Australia to have a more ambitious target than the 
proposed 26-28% reduction in greenhouse gas emissions below 2005 levels by 2030 (Keany 2015). 
Transport energy and greenhouse gas emissions globally are predicted to approximately double 
from 2010 to 2050, with light duty vehicles continuing to be a dominant source of emissions 
(Clewlow 2015). Transport futures literature assumes global vehicular demand can and should 
increase indefinitely and that climate change challenges will be fixed by technology. However, it is 
unlikely technical solutions will appear fast enough and therefore a low mobility future should be 
preferred (Moriarty & Honnery 2008). One obvious target for reducing emissions is lower personal 
mobility. 
 
Is a change to lower personal mobility possible? In Melbourne, in 1947, 80% of urban passenger 
travel was by public transport. Only 15 years later, 80% of travel was by car (Moriarty & Honnery 
2008). If such a large change was achieved once, presumably it could happen again.  
 
What kind of land planning could achieve lower mobility? A more sustainable definition of liveability 
is required as many cities, which rank highly on liveability rank poorly on sustainability. Walkability 
could possibly be used as a measure for liveability (Bull & Hooper forthcoming). Liveability could be 
defined as whether most goods and services required, including public transport and work 
opportunities, are available within 800 metres walk or a comparable bicycle ride. The best way to 
achieve sustainability and low mobility may be through a combination of compact high density 
development cities, with farmland on the outskirts, and / or high density work-live-play eco-suburbs 
(Xue 2014). To reduce transport requirements and building energy consumption, concentrated 
development patterns are needed (Stead & Marshall 2001). Single-family houses can produce 
energy, but have lower thermal efficiency. They are larger, with more external surfaces and require 
more indoor and outdoor maintenance, equipment in the houses, furniture and equipment for 
recreation (Xue 2014).  
  

Working Paper 1:  Future Trends and Mass Transit 2050 Page| 10 
 
 



Eco-suburbs are planned as part of a larger city. The eco-suburb concept includes mixed use, high 
residential density with jobs-on-site, no single family detached housing, integrated office and retail 
space and live-work units. There would be industrial land use on the periphery, arterial streets 
serviced by transit and transit oriented development. There would also be frequent train and bus 
services, walking and cycling paths and car share vehicles (Broaddus 2010).  
 
Are there any examples of low mobility suburbs? Vauban in Freiburg, Germany is an eco-suburb set 
up for bicycle use, with access to bike within a 2 minute walk, transit within a 5 minute walk and car 
within a ten minute walk. There, surveys found 91% of car free households and 61% of car owning 
households biked to work, compared to a rate of 34% in Freiburg overall. One in four trips were 
made by walking regardless of car ownership, perhaps reflecting destinations like shopping and 
kindergartens being within an easy walking distance. Vauban commands high prices and rents and is 
particularly attractive to families (Broaddus 2010). However, Freiburg has led Germany in 
environmental policy making, so it is already positively disposed to house this kind of suburb. If the 
WA focus did change to developing walkable suburbs, a low mobility future could be possible. 
 

3.2 Low vs high technology take-up 

Whether there is low or high technology take-up has been selected as the second significant 
variable. Take-up of technology will affect mass transit use, through enabling telecommuting, co-
working and technology-assisted self-employment. Telecommuting, or working from home using 
information technology, is one type of alternative work arrangement that can affect travel demand, 
through eliminating need for commuter travel (Babb, Smith & Biermann 2015). Creative workers and 
entrepreneurs, or people located away from an employer’s main office can, instead of working from 
home or renting an expensive office, rent time in a co-working office. A rising global trend towards 
technology assisted self-employment, possibly as independent contractors for employers and clients 
all over the world, could extend to Australia, affecting travel demand. These factors will be dealt 
with in detail under the Work section 4.1 below. 
 
3.2.1 Automated vehicles – projections of take-up 
The first fully automated vehicles (AVs) will likely be expensive due to costs of maintaining and 
subscribing to technology needed for navigation and mapping services (Litman 2014) and therefore 
form only a small part of the car market. Costs may be mitigated if they are electric vehicles, 
however, partly through lower running costs. Tesla estimates its model S should cost $20US to fully 
charge an EV, compared to up to $100 for a full tank of fuel (Hopewell 2015). It will be interesting to 
see whether an automated electric vehicle can compare favourably in price to a non-autonomous 
fuel car. 
 
There have been slow take-up rates of other previous driving technologies such as air bags, 
automatic transmissions, hybrid vehicles and navigation systems, taking two to five decades to reach 
market saturation. As the life cycle of current cars could be 20 years, this process may take even 
longer for AVs (Litman 2014). However, if the AVs were shared, they would be constantly carrying 
people and wear out quicker than non-shared vehicles. Then, their turnover rate would be faster 
than an ordinary vehicle. It is also possible governments might mandate use of AV technology due to 
safety benefits and lessening of public expenditure and loss of life from accidents (Bradlow 2015). It 
could potentially impede take-up of AVs if there were widespread publicized incidents of hacking of 
the AV technology. In that case, governments might mandate against progression of the technology. 
 
Even conservative estimates of take-up rate of autonomous vehicles project in the 2050s, self-
driving cars will comprise 80-100% of sales, 40-60% of vehicle fleet and 50-80% of vehicle travel. 
However, lower figures could result from technical challenges, high prices, lower benefits and 
consumer concerns, such as privacy and safety (Litman 2014). Videos have been on the Internet 
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showing a (actually non AV) vehicle having the braking system hacked into, fuelling concerns about 
safety of drivers. Market readiness could also affect adoption rates (MRWA 2015).  
 
3.2.2 Low technology and sharing orientation – Effect – more local and less regional demand 
If low technology take-up is paired with sharing consumer orientation this might lead to low mass 
transit use. People might group closer together and seek to sustain all needs as close to home as 
possible with face to face interactions with sellers of goods and services rather than using the 
internet. This is similar to the transport scenario pictured by New Zealand as their “Cooperative and 
Close” model (MoT 2014). There might be increased local travel but less longer distance travel for 
which mass transit is more suited. 
 

4 TRENDS AND COUNTERTRENDS 

This section will look at current trends in how and where we work, live and practice mobility and 
also some counter-trends, which may gain prominence in future. 

4.1 Work 

How many Western Australians will be working in 2050? Will they be working at home, or in activity 
centres or cities? Who for? What times and hours will they be working and need to travel?  
 
4.1.1 Trends – full time employment, 9-5 day, central city working- Effects – radial and peak 
travel demand 
In Australia in 2008, most employed people, 77% of men and 87% of women, worked mainly at a 
workplace (ABS 2009a). In WA in 2007 and around 71% of those employed worked full time (ABS 
2008a). There is certainly a perception in Perth that many people work in the city at a 9-5 job, 
because of the congestion created around peak hours. Generally, globally, patterns of employment, 
shopping and leisure have been shifting for several decades from centralised offices and industry to 
a more decentralised system (Davison et al. 2012) and increasingly diverse travel patterns (Ferreira, 
Charles & Tether 2007).  
 
4.1.2 Countertrends – job losses from automation, seniors working- Effect – time and space 
distributed travel demand 
A recent report predicts around 40% of the workforce or almost five million Australian jobs have a 
high probability of being replaced by computers in the next 10-15 years, and a further 18.4% of the 
workforce have a medium probability of being replaced (CEDA 2015). Other jobs will arise to replace 
the lost jobs. The US Department of Labor predicts 65% of current primary school children will hold 
jobs that have not been invented yet (den Hollander 2015). Historically in Australia job losses from 
technology have been balanced by demand generating new jobs (CEDA 2015). The question is, 
whether this time change will be so rapid that job replacement will not be fast enough to counter 
job losses (Durrant-Whyte 2015). Also, 28% of jobs in Australia involve driving a vehicle (Bradlow 
2015) and could be lost through AV adoption by 2050. Globally, unemployment is set to gradually 
worsen, leading to a highly competitive global labour market by 2030 (McKenzie 2015). 
 
Projections state the Australian “working age population” between 15-64 years of age will decrease 
from 67% in 2013 to 63% in 2033 and 61% in 2061 (McKenzie 2015). The proportion of people 65 
and over in the population could increase from 14% in 2013 to 19-20% in 2033 and 23-25% in 2063 
(ABS 2014). However, working lives from the twenties to the 80s may become the norm (Gratton 
2015). It has been predicted that the proportion of over 65s in the workforce will increase from 
12.9% in 2014-15 to 17.3% in 2054-55 (McKenzie 2015). This seems a fairly conservative estimate, 
particularly given pensions may become less available or the entitlement age could rise.  
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Will older people use mass transit? Only 11% of Australians aged 55 and over were users of public 
transport as their main mode to get to work or study in around 2008, while 26% of 18-34 year olds 
were. The average rate of Australians using public transport as the main mode was 19% (ABS 2008b). 
To encourage a new older workforce to use public transport will likely require addressing issues of 
reduced mobility in getting to and from and on and off mass transit. 
 
Unemployment and senior participation in the workforce, which will likely be part time, could make 
mass transit travel more distributed in time and space. Projections of mass transit travel demand will 
need to account for possible job losses in the near future and increased senior participation in the 
workplace in the long term. 
 
4.1.3 Co-working - Effect – spatially distributed travel demand 
Over the last 6 years, 12 co-working spaces have arisen in Western Australia, 10 of which are in 
Perth and 2 in the regions. They are in the Perth CBD, Leederville, Joondalup, Fremantle, Geraldton 
and Bunbury. Spacecubed, which runs three of these co-working spaces, has 650 members 
(Markham et al. 2015). It seems co-working, where entrepreneurs share office space with other 
small business people rather than rent their own expensive offices, is a growing trend in Perth. As an 
access rather than ownership model, it could be considered part of the sharing economy. It is likely 
co-working premises will be set up in commercial centres and city centres, meaning there will be 
more spatially distributed travel demand.  
 
Urban economists measured “agglomeration economies”, benefits deriving from industries working 
close to each other through consequent face to face contact and information exchange (Newman & 
Kenworthy 2015). While these have been spoken about mainly in the context of city centres, the 
same benefits may apply to co-working centres set up near activity and retail centres.  
 
4.1.4 Countertrend: Teleworking  - Effect – lower use of mass transit, more off peak trips 
In 2008, 8% of Australians mainly worked at home, remaining unchanged from 2005(ABS 2009a). 
Around 20% of people used information technology to work some hours at home. However, the 
main reason given was ‘catching up on work’, so whether this is telecommuting is debatable (ABS 
2009b). It would seem Australia is not currently embracing telework to a great extent. Studies have 
found, however, that telecommuting has a small overall decrease effect on Vehicle Miles Travelled 
daily, not a large one as was expected. Balancing the decrease in journeys to work were off peak 
trips around the telework location, usually the home, for personal errands and meals (Mondschein 
2014). Teleworking will, however, place fewer requirements on mass transit demand at peak times.  
 
4.1.5 Countertrend: self-employment – Effect – time and space distributed travel demand 
Technology has enabled people to run businesses from home at low cost, with immediate online 
payments reducing credit risk. In Europe, self-employed contractors are the highest growing group in 
the job market, up 45% from 2004 to 2013 from 6.2 million to 8.9 million people, with the highest 
ever recorded percentage of self employed in the UK at 14.7%. In Australia, the self-employed make 
up about 18% of the workforce, with 9% of those being independent contractors or sole traders. This 
figure has gone down from more than 20% in 1998 (Phillips 2015).  
 
Australia has not yet caught up with more global trends but that may change in the future. A 2015 
report found 85% of Australian companies said they were increasingly using contingent, 
intermittent, seasonal or consultant employees(OE 2015). A Kelly Services report found an additional 
50% of employees said they would like to be self-employed, showing a shift to self-employment as 
an aspirational goal (Phillips 2015). Whether self-employment will meet people’s needs is uncertain. 
Recent Australian data suggested that after 3 years, 31% of nascent small businesses in the process 
of being created (including sole practitioners) were operational, with more money coming in than 
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expenses, 35% terminated and 34% were still trying to start. However, for young businesses which 
were operational and 0-4 years old, 78% were still operational after 3 years, with 14% terminated 
and 8% uncertain (DISRTE 2012). It appears that once a small business is operational, there is a good 
chance it will survive. 
 
As a complementary trend, there is likely to be fragmentation of large corporations, with an 
emergence of networks and smaller specialist interdependent production units (Green, Marsh & 
Pitelis 2015). The new economy may enable people to have a portfolio type career, combining 
multiple part time roles and project-based jobs. On the other hand, it may lead to more 
underemployment and unemployment for people whose skills are being automated (Handy 2015; 
McCarthy 2015). 
 
If these trends continue, it will impact where people work. The effects on use of office space may 
need to be researched. It is likely that people would move between working at home, in client 
offices and possibly also in co-working spaces. This would have a very fluid and changeable impact 
on mass transit demand. They would be better served by a mass transit system that is more 
distributed in space and time than currently. 

 
4.1.6 Countertrend - Online retail and services - Effect – more spatially distributed travel 
demand 
Online retail spend in Australia is still fairly modest at around 6.9% of traditional retail spending in 
the year to January 2015 according to the National Bank, though it increased 9% from the previous 
year and 20-30% in previous years, probably due to the then lower exchange rate. Currently 
domestic retailers control around three quarters of online spending, though rates of global versus 
domestic online spending are still rising very slightly despite the waning fortunes of the Australian 
dollar (NAB 2015). Various online businesses have taken business from offline rivals, for example in 
the book industry and video rental space (McCarthy 2015), as has been demonstrated by closures of 
these kinds of premises in Perth.  
 
What percentage of purchases will shift from the domestic to the global market if people buy online 
rather than in-store and what effect this will have on the continued existence of retail stores –could 
activity centres decrease in size as a result? Many UK and US online stores report Australia as being 
their second or third biggest market (McCarthy 2015). If brick and mortar stores disappear, it 
remains to be seen whether new on-site businesses or perhaps co-working centres replace them. E-
commerce may impact local commercial areas negatively (Mondschein 2014). 
 
What effect will online spending have on travel demand? The Internet can alert people to products 
and services in a wider physical range through geo-search facilities (Mondschein 2014). So decline in 
travel from ordering online may be balanced by trips to other retailers. Evidence suggests access to 
information communication technology is complementary to or generative of physical travel 
(Mondschein 2014). In-store retail may not be under threat, but travel demand to stores as retail 
outlets and workplaces will be more spatially distributed.  
 
4.1.7 Countertrends: Diversified hours of work / mobility of jobs rather than people - Effect 
– more off peak and time distributed travel demand 
Travel demand calculations currently concentrate on peak hours for workers. However, is the normal 
working week becoming less normal? In 2007, 51% of Australia’s workers, a majority of the 
population, usually worked some or all of their hours at night – between seven in the evening and 
seven in the morning, or on the weekend (ABS 2009c). There has been creation of more service 
sector jobs which require flexibility in hours to meet demand (Lewis 2015) which might explain some 
of this time diversity. In 2008, In 2007, 17% of the WA workforce worked 50 hours or more per week 
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(ABS 2008a). Part time workers have increased from 16-30% of the employed between 1979 and 
2009 (ABS 2009d). There has been similar diversification of work hours in other countries, with more 
people working part time and an increase in people working longer than average hours. 
 
Adding to diversity of travel demand, 5-6% of workers have multiple jobs (ABS 2009e). Also, 34% of 
Australians in 2008 spent some time travelling for work and 41% worked at two or more location 
types in their main job (ABS 2009a). When the cumulative impact of all these facts is considered, the 
12.8% Perth public transport ABS Journey to Work figures from 2011 start to look quite reasonable.  
 
Not surprisingly, when Australians were asked why they did not use public transport, 28% of non-
users said that there was no service available at a convenient time. Around 13% said they needed 
their own vehicle before or after work or study (ABS 2008b). Currently the public transport system 
operates around a 9-5 day and the school day and in a radial system, not well adapted to trips across 
the suburbs. The new Southern railway, while making the Perth transport system more accessible, 
also made it even more reliant on radial movement (Curtis & Scheurer 2010). In comparisons 
between Melbourne and Hamburg, it was found that the Hamburg network performed better for 
accessibility partly as it was more integrated with greater network connectivity, with buses acting 
more as feeders to rail and orbital connectors, while Melbourne had mainly radial routes (Curtis & 
Scheurer 2010). 
 
It would be expected that people who work at night, or into the night, or on Sundays, would be less 
likely to catch public transport due to lack of services or long wait times – especially if they are 
working 50 hours or more a week. Researchers have found people generally have a time budget of 
around 1 hour per day they are prepared to spend in travel to and from work (Curtis & Scheurer 
2010). A related question is whether there might be some currently unmet demand, which could be 
better serviced by public transport. It might be helpful to undertake research into current demand 
patterns and potential demand patterns. 
 
Mobility of jobs rather than people for work is supported by technology facilitated methodologies 
such as teleworking, outsourcing and virtual teams. As global workers need to meet and 
teleconference with colleagues in other jurisdictions, it will involve work outside normal hours (Beitz 
2015). It is likely, that the trend towards diversified hours of work will only increase. The effect this 
has on mass transit will also depend on where people are working. If they are working at home or 
co-working rather than in city offices, this will lead to space and time distributed mass transit 
demand. 
 

4.2 Living – location, density 

The current trend in Western Australia is towards low-density housing and large homes. Higher 
density has been correlated with higher mass transit use and there is a countertrend towards higher 
density. New building technologies and a move towards intangible rather than tangible assets could 
assist future higher density preferences. 
 
4.2.1 Trend: large home ownership - Effect – low density, low mass transit 
The great Australian dream of owning your own house is not just a cultural ideal, it is lived practice. 
In 2010, 80% of new Perth dwellings were single detached houses (DoIT 2010). House sizes increased 
by nearly 50% from 162 square metres in 1984/1985 to 239 square metres in 2006/2007 (Dowling & 
Power 2012). Australian houses are now the largest globally (DoIT 2010). Research found large 
houses in Sydney were connected to performance of middle class respectability, through having 
areas kept pristine for guests, away from household and intergenerational mess (Dowling & Power 
2012). There may be cultural barriers to overcome in encouraging higher density. Higher density 
housing can be seen as an undesirable, temporary option, particularly for families (Buys & Miller 
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2012; Randolph 2006). The majority of residents in new medium and high rise developments are 
child free (Randolph 2006). 
 
Perth urban density was around 11.3 persons per hectare in 2005 and that improved upon the 1995 
level at 10.9 (Newman & Kenworthy 2015). The national infill target is 60% but in 2010 the National 
Housing Supply report stated that only 30% was achieved (Weller & Bolleter 2013). The target for 
infill in the Perth and Peel @ 3.5 million report was cited as 47%, which is notably lower than the 
national infill target. WA sought to increase ratios of infill to urban fringe development through 
policies such as Directions 2031, but these targets have not necessarily been achieved. There is a 
cultural disconnect between what needs to happen to accommodate predicted high population 
growth and community attitudes in Western Australia. Recent community protests could lead to 
pulling back from density targets in future Western Australian planning policies.  
 
There are costs to lower density, particularly for transport infrastructure. Notably, the Perth 
business as usual scenario of continued fringe greenfields developments when put through the 
SNAMUTS (Spatial Network Analysis for Multimodal Urban Transport Systems) assessment process 
required the greatest capital input in terms of kilometres of new rail lines and the highest level of 
service intensity, without network performance return (Curtis & Scheurer 2010). It could also 
require higher than current levels of public subsidy to operate. It will cost government (and 
therefore the public) more money for less utilisation of mass transit infrastructure. 
 
4.2.2 Countertrend: higher density - Effect: lower car use, higher mass transit? 
The most important issues in public transit versus car use are urban density and transit service levels 
(Newman & Kenworthy 2015). Some authors state increasing service levels alone can decrease car 
dependence (Mees 2009). It was found in the short term a Perth scenario which would improve 
public transport accessibility by providing 27% additional operational resources during weekday 
inter peak could produce a 28% efficiency gain which might work over around 5 years. However, 
higher density was needed for a longer-term solution and was also recommended to improve public 
transit accessibility in Melbourne, by improving the size of the catchment area (Curtis and Scheurer 
2010).  
 
Some authors argue density is crucial but must also be supported by service levels. At least 35 
persons per hectare of people and employment is required to provide high quality public transport 
(trains), without relying on buses and cars to increase the catchment area. Population density 
increases have a multiplier effect on the use of transit and active travel modes, although decline of 
car use with rising urban density globally has a higher correlation (Newman & Kenworthy 2015). If 
the population has a preference for living in higher density, it would be expected use of mass transit 
would be higher, if appropriate services are provided. Higher density neighbourhoods can increase 
both public and active transport use (Giles-Corti, Ryan & Foster 2012).  
 
Medium and high rise developments built since the mid-1990s close to the Australian capital city 
centres have become desirable as they are close to work and recreational amenities (Buys & Miller 
2012). It has been suggested land value close to the Southern rail line has increased 42% in the last 5 
years, above values in the surrounding areas (Newman forthcoming). In this case, the market may be 
indicating higher density, particularly around rail lines, as a growing preference.  
 
4.2.3 Countertrend: New building technology and more affordable high density housing- 
Effect – cheaper high density, higher mass transit 
Adara apartments in Cockburn had the top seven floors built in modular form. The time taken was 
40-50% less than for a normal building method and the costs were 10 – 12% less for construction 
(HAWA 2014). BGC, Australia’s biggest home builder, signed a joint venture agreement with a 
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modular building company in 2014 and estimate that up to 5 percent of new homes in Perth, around 
1 000 homes, could be built in this way (Wilkie 2014). The Peppers Kings Square hotel currently 
being built in Perth will have prefabricated frames, columns and concrete bases built in a Perth 
factory and bathroom pods from a Melbourne factory. The modular hotel builder, The Tribe Hotel 
Group, will also construct a nine story modular hotel in Perth, due to open in a year (Lague 2016). In 
2012 it cost more in all major cities, except Sydney, to build an infill two bedroom unit than a 
greenfields three bedroom house (Weller & Bolleter 2013). In the future, cheaper modular housing 
might shift costs more in favour of higher density housing. 
 
4.2.4 Countertrend: intangible assets - Effect - less material goods, higher density, higher 
mass transit 
The Internet has enabled conversion of formerly physically owned assets into intangible form, 
notably books, films, encyclopaedias and music. These items can take up a large amount of space in 
homes. There is even virtual real property. In 2006 Ailin Graef used proceeds from developing 
custom animations and objects for Second Life customers to buy virtual real estate, subdivide and 
develop it for rental and re-sale and earned real net worth over $1 million US (McCarthy 2015). If 
consumer preferences shift further towards intangible assets, less space may be required in houses 
for physical assets, which may encourage smaller, higher density homes, supporting higher mass 
transit. 

 
4.3 Mobility – shared / private, provision of services, flexibility, level automation 

Elements of the shared use mobility market include car sharing, ridesharing and on demand ride 
sourcing. They have different potential effects on use of mass transit. Technology has enabled taxi 
and car rental services to be joined by companies like Uber, car share companies and bike sharing 
programs (Mondschein 2014). 
 
4.3.1 Trend: private mobility - Effect – lower mass transit 
In Perth, 82% of the workforce commuted to work by car in 2011 and only 12.8% of people used 
public transport. Nationally, 60% of households have 2 cars, and 8% of adults have no car. Car 
ownership is a negative predictor of public transport use. In 2008, 70% of Australians with no car 
used public transport as their main method of getting to work or study, compared to 28% of those 
with one car and 12% with two cars. The national average of public transport use is 19% (ABS 
2008b). 

 
Some people need their own vehicle, such as trades workers who carry equipment and those who 
travel a lot for work (Litman 2014). It is unlikely trades workers in particular would give up their 
vehicles. There may also be cultural attitudes that might work against lowering car ownership. Some 
people view their cars as “my place”, their own personal space more than any other location 
(Mackay 2013). Of non-users of public transport, 27% of them gave as a reason the convenience, 
comfort and notably privacy, of their own vehicle (ABS 2008b).  
 
4.3.2 Countertrend: On demand ride sourcing - Effect –complementary to mass transit? 
Uber entered the Perth market in 2014 with on demand transport services, enabling passengers to 
quickly access transport using a smart phone application. Uber enables non-commercial operators to 
use their own cars and spare time to drive passengers. A recent article estimated Uber secured 
nearly 8.8% of the Australian taxi market in under 3 years, as of early 2015 (Pocketbook 2015). It was 
also recently announced the WA Minister of Transport intends to change transport legislation to 
legitimise Uber and deregulate transport (Le Messurier 2015). Improvement in taxi services can 
support public transport and walking and reduce need for car ownership (Babb, Smith & Biermann 
2015). Uber has claimed that it is helping Perth with the first mile - last mile problem, showing a 
graph with a number of trips to and from train stations (Sas 2015). 
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However, availability of relatively cheap on-demand transport could also reduce customer tolerance 
for wait times of standard public transport. A recent Transport paper (DoT 2015) recognised the 
advent of on-demand consumers. On demand consumers want instant, flexible service. On demand 
services can take them the last mile to and from and be complementary to mass transit (ITSA 2015), 
as Uber has discovered. Mass transit can have the advantage of being faster than road traffic over 
long distances. Australian rail systems are on average around 8% faster than road traffic (Newman & 
Kenworthy 2015). However, if mass transit is not linked in with private or public on demand feeder 
services, on demand services could replace use of mass transit.  
 
4.3.3 Countertrend: Ridesharing – Effect – complementary to mass transit? 
Ridesharing offers cheaper rides for those willing to share their ride with others on a longer route. 
Uber plans to launch Uberpool, a ridesharing service, in 2016 in Perth (Sas 2015). There are also 
other ridesharing companies who have expressed an interest in operating in Perth, according to the 
Minister of Transport (Le Messurier 2015). Car manufacturers are starting to enter the ridesharing 
market. Mercedes offers a service matching car owners with those seeking lifts (Belk 2014). Car 
manufacturers are possibly sensing selling cars may not be as profitable in future and are 
diversifying business models. More research is needed to determine effects of ridesharing on mass 
transit. Like on-demand transport, ridesharing could complement mass transit. However, it would be 
even more price competitive than on-demand transport and therefore may be more likely to replace 
use of mass transit. 
 
4.3.4 Countertrend - Car sharing - Effect – complementary to mass transit? 
Car sharing, where members book one of a fleet of vehicles and pay for time and / or kilometres 
travelled has been around in the US since 1994 but has grown exponentially, probably due to online 
technology enabling easy booking, payment and location of cars. With the current growth rate, it is 
projected global car sharing revenues could reach $6.2 billion by 2020 (ITSA 2015). Nearly two 
million people subscribe to car-sharing services worldwide and potentially the car share market 
could be up to 20% of the population in a number of Western countries (Le Vine et al. 2014). In 
other countries, car rental companies like Hertz and Zipcar run car sharing programmes. Vehicle 
manufacturers Daimler AG, BMW, Volkswagon and Peugot also have car sharing services (ITSA 
2015). 
 
GoGet and other Sydney companies run car share services. By 2014 GoGet had over 1000 cars 
servicing around 20,000 Sydney members. GoGet operates in areas containing high density precincts 
well serviced by public transport, which it complements (Dowling & Kent 2015) as has been found 
for car sharing in international studies (Celsor & Millard-Ball 2007). 
 
4.3.5 Countertrend - Increased public transport patronage 
In most cities in Australia, public transit patronage is growing faster than car use, with rail patronage 
in Perth increasing from under 10 000 annual rail boardings in around 1991 to closer to 60 000 in 
2011 and per capita public transit travel going from around 0.5 per person in 1991 to around 0.9 per 
person in 2008-09 (Newman & Kenworthy 2015). The new Southern railway line improved 
accessibility of a number of locations, including Mandurah (Curtis & Scheurer 2010). Perth public 
transport patronage increased 61% from 2004 to 2013, faster than the population increase, which 
was 32%. Increase in train patronage correlates with population growth (Babb, Smith & Biermann 
2015).  
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4.3.6 Countertrend – declining use of private car  
A countertrend to the current predominance of private vehicle ownership and usage is what some 
authors are terming “peak car”, where individuals’ numbers of car trips are declining. In all 
Australian cities, car use started to decline around 2004 and in Perth it declined from a peak of over 
12 000 kilometres per capita in 2003-04 to under 10 500 kilometres in 2011-12 (Newman & 
Kenworthy 2015). This appears to be a global countertrend, with other countries showing the same 
phenomenon(Millard-Ball & Schipper 2011). The reasons Newman and Kenworthy give for peak car 
is the rising price of fuel and reaching the daily average travel time budget of around one hour, set 
by Marchetti (Marchetti 1994). There may also be technology related reasons for peak car. 
Apparently, some are communicating with friends online sometimes as an alternative to visiting 
them in person (ITSA 2015). Newman and Kenworthy also predict if public transit use increases per 
capita, as it is doing in Perth, use of cars per capita is expected to go down exponentially (Newman & 
Kenworthy 2015).  
 

5 SCENARIOS 

To make these significant variables, trends and countertrends more real to the reader, some 
scenarios using variables of shared mobility versus private mobility and low take-up versus high take-
up of technology have been developed. Other factors could have been chosen and a more robust 
scenario analysis would ideally include more than two significant variables (Amer, Daim & Jetter 
2013). However, for simplicity, only these two have been used here (Figure 1).  
 

5.1 Summary Scenarios 

Four scenarios for Mass Transit were developed based on the degree of shared mobility and 
technology take-up. The scenarios also use some of the trends and countertrends to ascertain 
the type of transport scenario that would result. Figure 1 summarises these scenarios, further 
described in Sections 5.2-5.5. 

  

Working Paper 1:  Future Trends and Mass Transit 2050 Page| 19 
 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: FOUR 2050 MASS TRANSIT SCENARIOS 

Shared mobility  

Private mobility  

Low technology 
take-up 

High 
technology 

 

OWNERSHIP / DIGITAL ECONOMY 
Work: Telecommuting for part of the 
week. Digital interaction preference. 24/7 
space and time distributed. 
Living: Low density highly extended sprawl. 
Privacy and ownership valued. 
Mobility: Private autonomous vehicle (AV) 
ownership complemented by private on 
demand AV services. State run AV mass 
transit when convenient.  

STATUS QUO ECONOMY 
Work: Central city offices, extended 
peaks. 
Living: Low density urban sprawl.  
Mobility: Private non-automated 
vehicle ownership complemented by 
private taxis / Uber. State run mass 
transit used where convenient in hub 
and spoke model. 

HIGH MASS 
TRANSIT 

LOW MASS 
TRANSIT 

MEDIUM 
MASS TRANSIT 

LOW /MEDIUM 
MASS TRANSIT 

SHARING / ACCESS ECONOMY 
Work: City and activity centre co-working. 
24/7 time and space distributed. Face to 
face interaction preference. 
Living: High-density cities and activity 
centres. Access not ownership preferred. 
Mobility: Local and intercity State run 
travel demand high. Millennials led 
provision of on demand, flexible 
autonomous public transport. Autonomous 
car share and ride share complement mass 
transit.  

CLIMATE CHANGE ECONOMY 
Work: Local. Time distributed. 
Living: Compact cities, high-density eco-
suburbs. 
Mobility:  High local locally run (council 
/ community) travel demand. Low 
intercity State run travel demand. Bike 
and walking preferred.  
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5.2 Climate Change Economy - low technology take-up, shared mobility / living 

The main driving force behind people’s behaviour is concern about the environment and effects of 
climate change. There is a preference for grass roots and local action because State and Federal 
governments have proved unreliable in taking enough action to reverse environmental trends. 
 
5.2.1 Work – Countertrends – working and buying locally, time distributed 
People try to get jobs near where they live and tend to relocate if a job is above a certain distance 
away. In terms of other urban facilities visited for satisfying daily needs, people prefer to access 
those closer to their homes. There was a backlash against automation taking away so many jobs, so 
automation halted in many industries, including car manufacturing. A preference emerged for face-
to-face rather than digital contact, so it is expected that people will continue travelling for shopping, 
personal business, several recreation activities.  
 
Work travel demand is spread in time as communities aim to be self-sufficient with farming and 
other services. Farmers can work unusual hours depending on the season. Local transport is 
responsive to the changing timetables and needs of local workers. 
 
5.2.2 Living - Countertrends – high density, live-work play, walkability 
People live in compact cities, with high density housing in the centre and farmland around the 
outside of the city. The city is surrounded by eco-suburbs, aiming to have most of what people want 
to access within 800m walk of the home. People spend most of their leisure time in their suburb as 
there are many services and entertainment opportunities available. The concentrated city structure 
requires less land for building sites and has therefore allowed land to be retained for agricultural 
purposes. Centralised urban planning has placed caps on how much land can be used for human 
settlement. People have a preference for having access to goods rather than owning them and this 
has led to sharing of resources, including cars. 
 
5.2.3 Mobility - Countertrends – low mobility, active transport 
Mobility is high locally, but low for distance travel. In the capital cities and between towns, State 
public transport runs. Around towns and activity centres there is shared transport, generally buses, 
run by the community, local business co-operatives or the local council. This is complemented by a 
few car share organisations. The high price of fuel and electricity means that people want to live 
close together in small groups and not have to travel far for goods and services. Walking or biking to 
work are preferred methods.  
 
5.2.4 Mass Transit Outcome - Low 
People are aiming to travel as little, and use active travel as much, as possible due to environmental 
concerns. While there is much local travel and some of that is locally run public transport, there is 
low use of mass transit, which is generally between cities or activity centres. 
 

5.3 Status Quo Economy - low technology take up, private mobility / living 

Drivers for this scenario are people wanting to keep things the same as they were in around 2015. 
Hacker incidents with technology have made people resume to lower levels of automation and 
prefer face-to-face interactions rather than digital. 
 
5.3.1 Work - Trends – central city office working, peak hours, store retail 
People prefer to work in central city offices with other people. There are highly extended peak hours 
and congestion as commuters travel in to work. A rise in online retail fraud saw resurgence in local 
store retail, including bookstores and video stores, in cities and activity centres. There has been a 
corresponding retreat from working as global employees to working as Australian employees, 
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meaning that most people are working fairly normal hours but there is an extended peak due to 
those dealing with employers and clients interstate. People work long hours to afford spacious 
houses in outer suburbs. 
 
5.3.2 Living - Trends – low density, large houses 
The public would only accept higher density around transport corridors and activity centres. Most 
areas are low density urban sprawl in keeping with the traditional Great Australian Dream with large 
houses to meet middle class respectability standards and house the many objects people own. 
People have remained attached to ownership of cars as symbols of identity and freedom. 
 
5.3.3 Mobility - Countertrend – on demand transport 
There have been sporadic hacker attacks on more advanced automated vehicles and infrastructure 
and public demand was to halt any further progress in automation, so it is currently at Level 2 to 3, 
where there are some automated functions but the driver is still in control of the vehicle. The 
percentage of people journeying to work by car remains similar to 2015 levels. Most people drive to 
work or use services such as taxis or Uber and are loathe to use ride share options. They will use 
public transport where it is more convenient than their own vehicle. As public transport still 
operates on a hub and spoke model it is not ideal, although services such as Uber do increase the 
catchment areas for mass transit. 
 
5.3.4 Mass Transit Outcome – Medium 
This scenario has roughly the same percentage of mass transit use as at 2015 levels, so a medium 
mass transit outcome. While generally there has been low-density sprawl, which is not good for 
mass transit, this is counteracted by on-demand transport extending the catchment areas for trains 
by solving the first mile last mile problem. 
 
5.4 Shared / Access Economy – High technology take-up, shared mobility / living 

The Millenials have driven the kinds of services available, with their preferences for public transport, 
high-density living and access to goods over ownership. WA is part of the 24/7 global economy and 
many people are working as contractors or with portfolio careers.  
 
5.4.1 Work  - trend - store retail. Countertrends – co-working, self-employment, 24/7 hours 
People have a preference for interacting face to face rather than digitally. Even though workplaces 
are fragmented and many people are independent contractors, they still gather together in co-
working spaces, mainly in cities and activity centres, to share ideas and office companionship. They 
could be working at any time as their clients could be from anywhere in the world. 
 
5.4.2 Living - Countertrends – high density living, intangible goods 
People like to be where action is and have transport and services readily available, so the preference 
is to live in high density cities and activity centres. As the preference is to access rather than own 
material goods, including cars, this is a further enabler of higher density as not so much storage 
space in housing is required and people can live in smaller homes. People have also converted to 
intangible goods where possible, with large amounts of books, music and movies on their 
entertainment devices. 
 
5.4.3 Mobility - Countertrends – on demand and flexible services, real time information 
The Millenials drove the property development market to demand provision of on demand and 
flexible autonomous public transport services, with real time information about all transport modes. 
They prefer shared mobility such as public transport and car share and ride share arrangements. 
People felt able to give up cars as there were alternative reliable options. This may lead to a 
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substantial increase in mass transit use. With fewer cars on the road, benefits of autonomous 
vehicles are fully realised. Congestion is low and vehicles are being used to their fullest capacity, 
with swift fleet turnover meaning most vehicles on the road are up to date with their connectivity. 
The government provides a suite of fit for purpose driverless transport services, complemented by 
private car sharing services. Public transport has been decentralised with many connecting as well as 
hub and spoke bus routes, which enable much larger catchment areas for trains. 
 
5.4.4 Mass Transit Outcome – High 
Public demand and higher density living has driven provision of high quality public transport, with fit 
for service smaller vehicles extending catchment areas for mass transit. As more and more services 
became available on-demand, it became a requirement for the State to provide on-demand and 
flexible services in order to compete with private providers. There was also rising demand for 
decentralised services as travel demand became more and more unpredictable and spread in time 
and space. Because the public transport is convenient and competitive, many people use it as a way 
of life. 
 

5.5 Ownership / Digital Economy – High technology take-up, private mobility  

People prefer to interact with people digitally rather than in person. They place a high value on 
privacy and having peace and quiet at home and worry about issues like identity theft. They like to 
own their assets rather than having access to them. 
 
5.5.1 Work - Countertrends – telecommuting, online retail, 24/7 
People telecommute for at least part of the week. They may live a long distance from their physical 
workplace, which is likely to be in cities or activity centres and work in their automated vehicles on 
the way. Work is 24/7 in a global market, so travel demand is constant. Telecommuters make short 
trips from home during the day for errands and meals. Retail is mainly online and international so 
activity centres have become smaller. 
 
5.5.2 Living - Trend – urban sprawl. Countertrend – interacting with people digitally 
People value wide open spaces of Australia and the quiet homes that provides, so there is extended 
urban sprawl. As they value ownership of goods, this requires large houses to store the goods, which 
contributes to low-density preferences. As they prefer to interact with people digitally where 
possible, leisure travel has decreased somewhat. 
 
5.5.3 Mobility - Countertrend – on-demand travel 
Most people use private autonomous vehicles for travel. People who were unable to have licences 
before can now own vehicles, which has increased the number of cars on the road. Responding to 
consumer demand for on-demand and flexible services, the private market provided feeder 
automated bus services for the train lines and automated car share services to complement mass 
transit for those in high density areas. As the autonomous vehicles are privately owned and not 
shared with other users, there is a lot of empty running, including where the owners are seeking to 
avoid parking fees. This and the long distance that people live from workplaces contribute to 
congestion on the roads. Some have returned to mass transit to avoid the congestion. The fleet has 
slow turnover, so benefits of automated vehicles are not fully realised. The public mass transit still 
operates on a hub and spoke method. 
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5.5.4 Mass Transit Outcome – Low / Medium 
The congestion caused by increasing numbers of vehicles and empty running has been somewhat 
balanced by people telecommuting for part of the week and private providers running on-demand 
first mile last mile services for mass transit. Generally people are living further away from work, so 
long distance travel demand has become even more long distance and increased. People who are 
close to mass transit use it to escape congestion on the roads and as a time saver. As leisure travel 
has also decreased, this has led to a low to medium demand for mass transit.  
 

6 CONCLUSION 

There are many possible futures for Perth transport in 2050. A few have been described in this 
paper. It would be ideal if experts could explore different scenarios more fully so transport 
practitioners can be fully informed about significant variables and countertrends, as well as trends, 
and adjust policy responses and practices. 
 
If current consumer preferences prevail and there are privately owned autonomous vehicles in low-
density housing they might replace mass transit, except where congestion or high density 
encourages people back to public transport. This was explored in the Ownership / Digital economy 
scenario. 
 
Shared mobility is growing as a trend globally and is in Perth, with Uber operational for a year, and 
planning to start Uberpool ride share services in 2016. Density in Perth is also increasing. Shared 
autonomous vehicles could complement public transit use, operating as feeders to and increasing 
catchment areas of trains, particularly if they are well linked with public transport services. Shared 
consumption values might encourage higher densities as people wanting access to, not ownership 
of, goods, will tend to need less storage space in homes. Millennials, who will be managers informing 
policy up to 2050, appear to have a public transport preference that is not changing with time. This 
would indicate a high mass transit outcome as was outlined in the Shared / Access economy 
scenario. 
 
If technology does not develop fast enough to attenuate climate change and fuel and energy prices 
rise, low mobility may become an aim and there may be low mass transit as a result. There may be 
backlashes against automation due to potential job losses. This is the Climate Change scenario. 
 
Hacker attacks could destroy faith in further automation and online transactions, leading to 
unwillingness to move forward with technology. If people still prefer to drive private cars and locate 
in lower density housing, this could end up with mass transit demand remaining at medium, much as 
it is in 2015. This is the Status Quo scenario. 
 
Research into consumer preferences may indicate the Shared / Access economy as a likely scenario. 
But this will only happen with enlightened government policy either encouraging private providers 
to provide first mile last mile on-demand, flexible assistance to get to mass transit or government 
providing those services, along with real time information to enable the traveller to make optimal 
transport choices. More research needs to be done into the effects of the different kinds of shared 
mobility on mass transit. Additionally, Australian ideals such as wide open spaces and the Great 
Australian Dream as well as external influences such as climate change pressures and hacker attacks 
could affect whether a high mass transit scenario could become a reality in Perth. 
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1 TERMS OF REFERENCE 

The Economic Development Strategy’s employment and population forecasts for 2050, 

converted to STEM zones (provided to the team by the Department of Planning),were re-

aggregated to a 68 zone system for the purposes of this research project and used as the 

basis for the gravity modelling (see Appendix A for the concordance between STEM zones 

and the 68 zone system). Parameters for the spatial distribution of jobs and appropriate 

gravity model coefficients were confirmed for the 2050 five alternative job distribution 

scenarios including the 2050 baseline scenario, and OD pairs developed based upon the 

Perth and Peel @ 3.5M household distribution using the same techniques as those applied 

within the Urban Economic Assessment Part II work.  

 

2 TECHNICAL MODEL DESCRIPTION 

2.1 Model Form 

The model used for this trip distribution exercise is a double constrained gravity model. 

Double constrained gravity models allow for the measurement of spatial interaction as a 

function of distance to determine the probability of a given person travelling from an origin 

point to a destination point. This modelling technique uses the distance between the origin 

and destination to define the probability model. The distance has been calculated by 

measuring straight-line distances between each destination and origin point. As both 

population and employment have been set, this form of the model is doubly 

constrained. The two constraints that the model is required to meet are: 

• The sum of trips in any specific row/column should equal the total number of trips 

produced in that zone 

• The sum of trips in any specific row/column should correspond to the number of 

trips attracted to that zone 

Essentially, the number of people in a defined area and the number of people working in 

a defined area is set and it is simply the distribution of these trips (i.e. where they come 

from and where they go) that is variable. A scale factor was applied to the employment 

estimates to remove those metropolitan jobs occupied by residents from outside the 

metropolitan area. This ensures the total number of jobs equates to the total number of 

residents requiring jobs. 

As a mathematical expression the double constrained gravity model can be 

expressed as: 

• Tij= Ai Bj Pi 

Qj Dij-r Where: 

• Tij is the interaction or trips between zones i and j 

• Ai and Bj are scaling factors 
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• Pi is the number of workers available in zone i 

• Qj is the number of jobs available in zone j 

• Dij is the distance or travel time between zones I and j 

• -r is the exponent of the distance factor 

The friction to travel or propensity to travel distances is a key calibration tool and is denoted 

by –r. The value of –r denotes the sensitivity of subjects travelling greater distances and 

hence has an effect on how trips are distributed. 

 

2.2 Employment Quality 

• For the purposes of this exercise, jobs have been split into five categories using 

Pracsys’ employment quality model, these are: 

• Consumer Services 

• Producer Services 

• Knowledge Intensive Consumer Services 

• Knowledge Intensive Producer Services and 

• Export Activity 

Consumer services (CS) have a high transaction frequency and must locate in close 

proximity to their customer base in order to deal directly with them. Like retail tenancies, 

consumer services often locate in centres to minimise trip generation and benefit from 

convenience good attractors. Consumer services can include real estate agents, travel 

agents, shoe repair, dry cleaning services and beauty salons. 

Producer services (PS) deal directly with other businesses, rather than consumers. Like 

retail; wholesale producer services must locate close to the businesses they serve, due 

to the frequency of transactions required. For example, the Coles distribution warehouses 

must occupy a central location in order to carry out daily delivery of goods to 

supermarkets. Producer service industries include manufacturing, construction, and 

distribution. 

Knowledge intensive consumer services (KICS) are those specialist services that deal 

directly with consumers, yet typically have a higher productivity and lower transaction 

frequency. KICS provide a skilled service to consumers that usually requires a higher level 

of education or training. Depending on the scale of their catchment, KICS may choose to 

locate within major or regional centres, or larger business districts with greater soft 

infrastructure and amenity levels. Examples of KICS include general practitioners, 

accountants, veterinarians and legal services. 
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Knowledge intensive producer services (KIPS) involve businesses dealing directly with 

other businesses, rather than consumers. Transactions are less frequent, however generally 

have a higher monetary value, due to the intellectual property or knowledge involved. KIPS 

businesses often locate near their client businesses, although with low transaction 

frequency and good communications infrastructure, they are to an extent ‘footloose’. This 

means they can choose to locate in places with relevant physical infrastructure, high retail 

amenity, or soft infrastructure such as access to a solid education base. Examples of KIPS 

are engineers, architects, medical scientists and computer software developers. 

Export refers to jobs in industries in the subject area of study has a comparative 

advantage - deemed strategic due to growth and development through exports and the 

inflow of funds. Export jobs are producer services, however they occur in strategic industries 

such as mining, oil and gas and defence. Export jobs are likely to be hands on, involving the 

physical construction of a marine vessel or operation of machinery on a mine site - as 

opposed to the mathematical or scientific analysis carried out by Knowledge intensive 

producer services. Strategic industries tend to require physical infrastructure, such as 

ports, airports or universities. 

The model double constrained gravity model uses these employment categories and splits 

them into two distinct types of work related trips. These categories are referred to as 

strategic and population driven employment. Strategic activity is made up of Export 

Oriented and Knowledge Intensive Producer Services and tend to have higher incomes and 

agglomerate in specific areas. Population driven activity is made up of Consumer Services, 

Producer Services and Knowledge Intensive Consumer Services. These two activity and 

employment types are assumed and observed to have different behaviors associated with 

each. Typically, people will travel further for strategic jobs, this could be due to higher 

incomes that are associated with these job types as well as their scarcity. 

Using these two alternative employment types and the separate behaviours of each, 

Pracsys has been able to calibrate the model in a unique way. 

 

2.3 Calibration 

As explained previously, by splitting employment types Pracsys has been able to calibrate 

and account for different behaviours associated with different types of jobs. The primary 

method of calibration has been through manipulation of the distance exponent (or –r). 

Different values for –r have been used depending on the type of employment. The original 

origin destination pairs were calibrated to census 2011 data to provide a reliable baseline 

reflective of current travel patterns. This was then altered based on particular scenario 

parameters to test changes in behavioural patterns and distributions of jobs. 

  

Working Paper 2: Employment and Population Scenario Modelling Page | 5 
 
 



3 DESCRIPTION OF SCENARIOS 

Scenarios run include: 

• Scenario 1 – (Baseline) - Nothing changed, original distribution and exponents 

remain at original calibration. 

• Scenario 2 (Centralisation) – 50% of new strategic jobs (Exports and Knowledge 

Intensive Producer Services) have been removed from the outer sub region and 

relocated into the central sub region in an even distribution. Distance exponent has 

been scaled 25% to reflect a lower propensity to travel. i.e. Larger distances create 

a greater disincentive to travel 

• Scenario 3 (Decentralisation) – 50% of new strategic job growth (Exports and 

Knowledge Intensive Producer Services) has been removed from the central sub 

region and redistributed evenly into the Joondalup, Rockingham and Midland 

Strategic Metropolitan Centres. Distance exponent has been scaled 25% to reflect 

a higher propensity to travel, i.e. larger distances between population and jobs are 

not as great a disincentive. 

• Scenario 4 (Knowledge Arc) – 50% of new strategic job growth (Exports, 

Knowledge Intensive Producer Services and 35% of Knowledge Intensive 

Consumer Services) has been removed from the outer regions and redistributed 

into the knowledge arc (UWA, Perth CBD and Curtin University). Exponents are 

the same as baseline scenario. 

• Scenario 5 (Virtual Communications) - 50% of new strategic job growth (Exports, 

Knowledge Intensive Producer Services and 35% of Knowledge Intensive 

Consumer Services) are serviced by virtual communications. These trips have 

been removed from the regions. Exponents are the same as the baseline scenario. 

 

4 RESULTS 

Results of the origin destination pair modelling scenarios are presented in a spreadsheet 

containing 6 tabs. The first tab represents a summary of the five scenarios at a sub region 

spatial layer (included as Table 1 in this report). Rows represent destinations while columns 

represent origin points. The Scenario tabs represent the origin destination matrix in a 68x68 

zonal matrix. The basecase scenario results were used as the basis of the spreadsheet-

based patronage calculator. It is evident from Table 1,that scenarios which only change the 

distribution of strategic employment, do not result in substantially different OD pairs at the 

sub-regional level.   
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APPENDIX A: CONCORDANCE BETWEEN STEM ZONES AND THE 68 ZONE SYSTEM USED FOR THIS 
MODELLING 

 

Table 1: Origin-destination results of the gravity modelling per scenario summarised at the sub-regional level

North West North East Central South West South East Peel Total

North West 164,154 15,258 27,983 8,268 9,203 3,894 228,760

North East 33,120 83,124 38,114 10,805 16,406 4,732 186,302

Central 124,243 87,277 435,570 73,401 86,748 21,533 828,771

South West 15,797 10,848 29,324 106,758 23,207 9,368 195,301

South East 12,867 13,106 25,523 15,606 71,670 5,164 143,936

Peel 4,479 2,918 5,351 5,924 4,581 82,233 105,486

Total 354,660 212,530 561,866 220,761 211,814 126,923 1,688,556

North West North East Central South West South East Peel Total

North West 158,021 14,776 26,764 8,029 8,876 3,847 220,313

North East 31,293 79,324 35,724 10,324 15,570 4,628 176,863

Central 133,992 92,821 442,961 80,028 92,642 25,539 867,984

South West 14,949 10,294 27,380 101,818 21,904 9,053 185,399

South East 12,287 12,548 24,075 14,940 68,512 5,040 137,401

Peel 4,212 2,759 5,027 5,596 4,309 78,692 100,596

Total 354,753 212,522 561,931 220,736 211,814 126,799 1,688,556

North West North East Central South West South East Peel Total

North West 170,387 16,053 30,376 8,600 9,878 4,170 239,464

North East 34,331 86,883 41,837 11,203 17,706 5,046 197,005

Central 116,117 82,247 426,500 68,639 82,998 20,159 796,660

South West 16,661 11,404 31,599 111,381 24,710 10,248 206,005

South East 12,672 12,993 25,934 15,312 71,895 5,130 143,936

Peel 4,448 2,913 5,443 5,819 4,612 82,250 105,486

Total 354,615 212,493 561,688 220,955 211,800 127,004 1,688,556

North West North East Central South West South East Peel Total

North West 153,915 14,280 25,698 7,822 8,606 3,812 214,133

North East 30,736 77,247 34,574 10,144 15,229 4,612 172,542

Central 139,564 96,333 447,695 83,572 96,134 27,542 890,840

South West 14,590 9,973 26,368 99,278 21,319 8,950 180,478

South East 11,983 12,137 23,084 14,566 66,474 5,006 133,250

Peel 3,999 2,594 4,700 5,322 4,075 76,621 97,312

Total 354,786 212,566 562,119 220,705 211,837 126,544 1,688,556

North West North East Central South West South East Peel Total

North West 153,463 14,327 26,229 7,788 8,650 3,675 214,133

North East 30,494 77,100 35,271 10,045 15,240 4,392 172,542

Central 116,109 81,887 406,956 69,137 81,464 20,396 775,949

South West 14,532 10,008 26,956 98,915 21,415 8,653 180,478

South East 11,879 12,130 23,502 14,452 66,493 4,793 133,250

Peel 4,066 2,645 4,837 5,399 4,161 76,204 97,312

Total 330,544 198,097 523,751 205,737 197,423 118,114 1,573,665
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68 zoneSTEM 68 zoneSTEM 68 zoneSTEM 68 zoneSTEM 68 zoneSTEM 68 zoneSTEM 68 zoneSTEM 68 zoneSTEM 68 zoneSTEM
1 2 7 67 16 265 21 115 27 164 30 307 41 999 51 396 64 140
1 1 7 66 16 264 21 199 27 160 31 301 41 418 51 397 64 143
1 3 7 65 16 263 22 232 27 165 31 300 41 999 52 401 65 135
1 4 7 69 16 260 22 207 27 170 31 299 41 426 52 400 65 136
1 5 7 68 16 266 22 208 27 174 31 298 41 427 52 402 65 137
1 8 7 70 16 259 22 209 27 167 32 359 41 428 53 454 65 130
1 7 7 71 16 262 22 213 27 166 32 356 41 999 53 455 65 149
1 6 7 73 16 261 22 206 27 171 32 357 41 999 53 456 66 131
1 11 7 72 17 274 22 212 27 161 32 358 41 429 53 463 66 133
1 10 7 74 17 272 22 211 27 184 32 355 41 430 53 458 66 142
2 12 7 75 17 278 22 210 27 151 32 354 41 431 53 457 66 144
2 9 7 77 17 273 22 203 27 168 33 353 41 434 53 462 66 145
2 13 7 76 17 275 22 205 27 182 33 352 42 403 53 464 66 146
2 14 8 43 17 276 22 202 27 172 35 342 42 408 53 468 66 148
2 16 8 45 17 277 22 204 27 180 35 333 42 406 53 465 66 147
2 18 8 44 18 271 22 201 27 181 35 334 42 407 53 467 67 125
2 15 8 46 18 267 22 200 27 162 35 332 43 422 53 466 67 127
2 17 8 47 18 270 23 214 27 175 35 341 43 420 53 461 67 126
2 20 8 48 18 269 23 215 27 176 35 335 43 421 53 460 67 128
2 19 9 239 18 268 23 217 27 177 35 340 43 425 53 469 68 295
2 23 10 257 19 80 23 216 27 178 35 336 43 423 53 470 68 296
2 22 10 240 19 79 24 118 27 179 36 343 43 424 53 471
3 49 10 241 19 78 24 123 28 280 36 351 43 432 53 472
3 21 10 242 19 85 24 119 28 281 36 350 43 433 53 453
3 27 11 256 19 84 24 121 28 288 36 344 43 435 53 452
4 26 11 243 19 83 24 120 28 289 36 349 43 436 53 459
4 25 11 244 19 90 24 124 28 287 36 345 44 365 53 451
4 24 11 248 19 89 24 122 28 282 37 339 44 376 54 473
4 29 11 249 19 88 25 193 28 283 37 337 44 375 54 474
4 28 11 251 20 96 25 195 28 290 37 338 44 366 54 450
4 31 11 250 20 97 25 197 28 284 38 346 45 367 55 437
4 32 11 255 20 98 25 191 28 285 38 347 45 368 55 439
4 30 11 254 20 95 25 194 28 286 39 348 45 371 55 438
4 36 12 234 20 99 25 196 28 292 40 404 45 372 55 440
4 35 12 233 20 104 25 198 28 291 40 405 45 369 55 445
5 52 13 235 20 101 26 150 28 293 40 409 45 370 55 449
5 51 13 231 20 106 26 129 28 360 40 410 46 379 55 447
5 55 13 218 20 105 26 134 28 362 41 998 46 377 55 446
5 54 13 230 20 107 26 138 28 361 41 998 46 378 55 442
5 53 14 245 20 111 26 139 28 363 41 998 46 374 55 448
5 59 14 246 20 110 27 187 28 364 41 998 46 373 55 441
5 56 14 247 20 112 27 186 29 279 41 999 47 393 56 443
5 58 14 229 21 81 27 192 30 314 41 411 47 392 56 444
5 57 14 238 21 82 27 190 30 304 41 412 47 391 57 320
5 61 14 237 21 86 27 189 30 319 41 413 47 394 57 321
5 64 14 236 21 87 27 154 30 316 41 999 48 384 58 324
5 60 15 253 21 91 27 158 30 315 41 999 48 383 58 322
6 34 15 252 21 92 27 188 30 305 41 999 48 386 58 325
6 33 15 228 21 93 27 153 30 313 41 419 48 385 58 323
6 37 15 258 21 94 27 185 30 306 41 416 48 389 58 326
6 38 15 226 21 100 27 155 30 309 41 999 48 390 59 302
6 39 15 227 21 102 27 169 30 310 41 999 48 387 59 303
6 41 15 219 21 103 27 159 30 317 41 417 48 388 59 297
6 40 15 224 21 109 27 156 30 327 41 415 49 380 60 308
6 42 15 222 21 108 27 152 30 328 41 414 49 382 61 311
6 50 15 223 21 116 27 173 30 318 41 999 49 381 61 312
6 41 15 225 21 113 27 163 30 329 41 999 50 395 62 294
7 63 15 220 21 117 27 183 30 330 41 999 50 398 63 132
7 62 15 221 21 114 27 157 30 331 41 999 50 399 64 141
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EXECUTIVE SUMMARY 

 
This working paper is part of the “Mass Transit Plan for Perth and Peel Metropolitan Area at 
3.5 Million and Beyond” and it describes in detail the spreadsheet-based patronage demand 
calculation. 
 
The model summarises demand by 68 zones and applies proportions to estimate the 
morning peak hour (7:30-8:30am) public transport patronage, without formally applying 
mode or route choice models. 
 

1 Introduction 

1.1 Background 

This paper should be read in conjunction with the Head Report Clause 4 ‘Overview of 
Approach to Identifying Need for New Network Links’ which describes the approach for 
determining the need for additions to the Mass Rapid Transit (MRT) network which will 
arise from: 
 

• future shortfalls in the capacity of the existing radial links in the network; 
• the need for greater orbital connectivity between radial links and for improved 

network operating integrity, safety and efficiency; and 
• the need in the CBD and beyond for distribution systems separate from the main line 

MRT network as the flow of commuters to these areas increases. 
 

1.2 Structure of the working paper 

Section 2 presents the methodology applied (spreadsheet and data visualisation) and 
Section 3 offers results of the analysis and discusses the findings. The paper also includes an 
Appendix, where several spatial maps are provided for better understanding of the results. 
 
  

Working Paper 3: Mass Transit – Sketch Modelling Page| 3 
 
 



2 Methodology 

2.1 Overview of the sketch model 

Whereas transport modelling has reached an extremely fine level of detail and fidelity, to 
date many models have remained in the academic arena (“R&D models”), rather than 
operational planning environments (“production models”) (Taplin et al., 2014: 25-28). 
Sketch models have the benefit of simplifying the traditional four step urban transport 
planning models, being easy to use and transparent. They are suitable for identifying 
opportunities for long-term planning, nevertheless they have lower level of resolution 
(Ortúzar & Willumsen, 2011) compared traditional transport planning models. Ideally, the 
two types of models should be used in understanding the future transport needs of a city.  

The sketch model approach used in this study to estimate travel demand outcomes is a 
spreadsheet-based model, which aggregates the O-D demand for Perth in 2050 into 68 
zones. The sketch model uses journey to work person trip matrices output from the Pracsys 
economic model and adjusts these demands for mode share, time period and other trip 
purposes.  

The four steps of a traditional transport model are compressed into quasi-linear 
relationships between daily travel demand and peak hour. The model is anchored in the 
current 2011 data and Pracsys population and employment model, making use of numerous 
secondary sources (STEM modeling output, 2011 Census, SmartRider patronage, etc.) to 
convert daily journey to walk person trip matrices to mass transit peak demand volumes.  
 

2.2 Description of the spreadsheet model 

As indicated, the spreadsheet model converts all-day commuter trip purposes to morning 
peak hour mass transit demand for all trip types. The all-day, job based trips are set out in 
the 68 zone EDS jobs and population (GHD) and estimated based on a gravity model results, 
provided by Pracsys. The person matrix sheet is the main source of input data for the Perth 
and Peel at 3.5million spreadsheet model. The effect of alternative job location scenarios 
can be measured by changing the scenario gravity model sheet, e.g. the ‘Knowledge Arc’ 
scenario.1 The spreadsheet model converts all day employment based trips to all types of 
peak hour public transport trips by: 
 

• adding student and other trips to job related trips; 
• applying a public transport mode share; 
• applying a peak hour percentage; and 
• estimating percentage trip demand. 

 
All of the above variables varied depending on origin and destination zone locations. Mode 
shares were estimated by project team in consultation with government agencies and then 
reviewed by Arup based on similar studies in Western Australia. An example screenshot of 
the spreadsheet is provided in Figure 1. As an example, Figure 1 illustrates the flow of 
calculations: parameters in Module 1 help estimating the additional demand for public 
transport at peak hour for education and other trip purposes; Module 2 applies factors 
aimed at estimating the commuting trips by mass transit; Module 3 incorporates time 

1 For population and employment scenarios please see McFarlane and Kyne (2015) i.e. Working Paper 2. 
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period factors, by applying the proportion of commuting travel generated during peak time; 
Module 4 summarises the effects, which are applied to the daily person trip O-D matrix. 
 

 
 
 

 
   Module 1     Module 2      Module 3        Module 4 
Figure 1: Screenshot Spreadsheet for Sketch Modelling 

 
Sensitivity testing of the variables is covered in the Working Paper 4 – Sensitivity Analysis for 
Mass Transit. 
 

2.3 Data inputs 

The inputs into the spreadsheet model are generally aligned with the following: 

• Pracsys employment and population daily commuter matrices 
• Commuter mode shares from ABS 2011 Journey to Work data benchmarked across 

different Australian cities 
• PARTS travel survey data to determine a broader range of trip purposes and mass 

transit mode share 
• Transperth Smartrider Data 
• Various benchmarking reports and data from other, comparable cities with 

population bases of approximately 3.5 Million and similar transport networks to 
Perth. 

 
The research team examined the spread of demand during day for all trip purposes, 
however the sketch modelling and the subsequent sensitivity analysis have not included this 
information. It is important to recognise that analysis of the inputs in some circumstances 
demonstrated a wide range of values, therefore the base values were viewed as median 
values. 
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2.4 Data visualisation 

While the spreadsheet model was applied to formally describe relationships between 
overall demand and patronage, visualisation techniques were mainly intended for 
exploration and display of the results. Visualisation can be used often in a complementary 
way to clarify and evaluate transport- and land use-related spatial, temporal and social 
conditions, processes, and effects, therefore a number of maps are provided in the 
Appendix to present the use of space, demographic growth, and highlight shortfalls in the 
capacity of public transport systems due to uneven demand levels. 
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3 Spreadsheet Model Results 

The spreadsheet results are described in section 5 of the Main Report.   

After determining the shortfalls in the existing network the spreadsheet process allowed a 
quick assessment of new potential radial and orbital routes, for example the Stirling to 
Murdoch line via UWA.  

The additions to the network were developed for three main reasons: 

1 To serve the future population set out in the Perth and Peel at 3.5M Plan; 
2 To divert patronage from those parts of the existing network with insufficient 

capacity for future growth; and 
3 To provide a service to locations that are or will be not be adequately served by 

Mass Rapid Transit.  
 
Table 1 shows the overall result including impact of additions to the network. 

Table 1: 3.5M Patronage Volumes on the Existing Upgraded Network (to CBD) and on suggested Network 
Additions (includes effect on Existing Network) 

Existing System and Future Additions AM 3.5M. Peak Patronage Approaching CBD 

Existing Network and 
Additions Combinations 

Joondalup Stirling/ 
UWA 

NE 
Line 

Mandurah Murdoch 
to 
Shenton 
Park 

Midland 
and 
Airport 

Armadale Fremantle 

1. Current Network Only 25,600 - - 19,300 - 13,300 11,300 4,000 

2. (1) Plus Stirling to 
UWA only 

20,900 4,500 - 19,300 - 13,300 11,300 4,000 

3. (1) Plus Murdoch to 
Shenton Park only 

25,600 - - 17,300 3,600 13,300 11,300 4,000 

4. (1) Plus NE Line only 15,800 - 15,500 19,300 - 13,300 11,300 4,000 

5. (1) Plus All 11,300 4,500 15,500 17,300 3,600 13,300 11,300 4,000 

Notes: 

1. Patronage volumes for ‘3.5M and Beyond’ are spreadsheet analysis results. 

2. The NE line patronage volume is based on it serving all trips to the north of Currambine plus the East 
Wanneroo Zone. An operational solution could balance the Joondalup Line (11,300) and the NE line 
(15,500) to be about 18,000 each. 

3. An orbital service within existing road corridors between Canning Bridge, Curtin University and the 
CBD would further reduce volumes on the Mandurah Line. 

4. No volume changes are shown on the Midland, Fremantle and Armadale Lines however their volumes 
are likely to have some limited change due to the proposed network additions. 

3.1 The ‘Beyond’/ part of 3.5M and Beyond 

It has been determined that there are three factors that should be applied for a preliminary 
‘3.5 and Beyond’ demand: 

• The recommended +/- 10% modal share range using the plus 10%; 
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• A 10% increase due to a more centralised job scenario (based on the ‘Knowledge 
Arc’ option; and 

• A 10% factor for population increase. 
 
Compounded, this is a 33% increase with results shown in Table 2 below. 
 
Table 2: 3.5M (Beyond) Patronage Volumes on the Existing Upgraded Network (to CBD) and on suggested 
Network Additions (includes effect on Existing Network 

Existing System and Future Additions a.m. Peak Patronage Approaching CBD 
Existing Network and 
Additions Combinations 

Joondalup Stirling/ 
UWA 

NE 
Line 

Mandurah Murdoch 
to 
Shenton 
Park 

Midland 
and 
Airport 

Armadale Fremantle 

1. Current Network Only 34,000 - - 24,100 - 17,700 15,000 5,300 
2. (1) Plus Stirling to 
UWA only 

27,800 6,000 - 24,100 - 17,700 15,000 5,300 

3. (1) Plus Murdoch to 
Shenton Park only 

34,000 - - 18,500 4,800 17,700 15,000 5,300 

4. (1) Plus NE Line only 21,000 - 20,600 24,100 - 17,700 15,000 5,300 
5. (1) Plus All 15,000 6,000 20,600 18,500 4,800 17,700 15,000 5,300 

 
Notes: 

1. Patronage volumes for ‘3.5M and Beyond’ are spreadsheet analysis results. 
2. The NE line patronage volume is based on it serving all trips to the north of Currambine, plus the East 

Wanneroo Zone. An operational solution could balance the Joondalup Line (15,000) and the NE line 
(20,600) to be about 18,000 each. 

3. A road-based service between Canning Bridge, Curtin University and the CBD would further reduce 
volumes on the Mandurah Line. 

4. No volume changes are shown on the Midland, Fremantle and Armadale Lines however their volumes 
are likely to have some limited change due to the proposed network additions. 

 

3.2 Mapping 

A number of maps are presented in the Appendix. Figure A1 provides the distribution of 
population for the 2050 baseline scenario and Figures A2 to A5 indicate the major “desire 
lines” or movements by public transport for the whole metropolitan area and then 
differentiated by three destinations: Perth CBD, UWA/QE II, and Fremantle. The dark blue 
lines highlight the need for several network enhancements: 

- a new radial link line to the east of NW corridor, to alleviate the congestion of this 
corridor and cater for the needs of growing suburbs in the North-East part of the 
city; 

- orbital links to provide access to major specialised centres (UWA/QE II, 
Bentley/Curtin, Murdoch, Airport), providing better access to the activity centres and 
alleviating congestion on the North-South rail corridors. 

 

3.3 Additional considerations 

3.3.1 Transit Oriented Development (TOD) station design  

Some critical factors in Transit Station planning and design are “attractiveness”, service 
quality and Network Links. Attractiveness is defined as a combination of convenience 
(access) and ease of use (amenity). To be attractive, a Transit Station must be well located, 
visible, accessible, comfortable, safe, and protected. 
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Many of the future stations in the central Perth and Peel area will be incorporated into the 
urban form, some will require major adjustments to existing road networks and structure 
plans. Exploiting the benefits gained from the network effect described in the academic 
working papers requires effective and well-connected stations in these locations. The 
primary objectives are incorporation into the urban form, compliance with functional 
transport requirements and accessibility from all connecting modes including bus transfer, 
drop-off and pedestrians and cycling routes.  In order to achieve this, the town space and 
the station must be a single design rather than being two separate designs connected 
together, i.e. fragmentation. Achieving efficient bus transfer in an attractive urban form can 
be a significant challenge in this exercise. 
 
These designs and plans can result in major changes that require radical thinking and 
effective teamwork using skilled urban planners, transport designers and public transport 
operators.  It will require early allocation of planning funds and provision of teams with the 
right design skills, in some cases decades ahead of implementation.   
 

3.3.2 Road Corridor Based Inner Orbital 

There will be a need for further orbital links in the MRT network complementing the 
Stirling/Murdoch link. This should be a road based light rail transit loop connecting 
UWA/QEII via the central and eastern CBD, Victoria Park and Curtin/Bentley to Canning 
Bridge. This loop would provide transfer opportunities from the rail based radial network in 
the CBD with connection to Fremantle and other locations. 
 
Calculating the patronage for this link requires detailed analysis, using models such as STEM, 
rather than the ‘broad brush’ spreadsheet method used in this study.  It is a given however, 
that the need for and the timing of this route will be dependent on densification beyond 
what has been proposed in the Perth and Peel 3.5m Plan.  It is recommended that the level 
of density required must be determined prior to committing to implementation on the 
“build it and they will come” approach.   
 
Even though the spreadsheet method is too coarse to provide sufficient information on 
patronage levels it has the flexibility for quick assessment that shows that many of the 
potential inner links such as Stirling to Morley or Murdoch to Fremantle cannot justify LRT 
without substantial increases in urban density. They can however justify effective ‘Bus 
Priority’ measures. 
 

3.3.3 CBD Stations 

The distribution of demand into the central area and CBD will require further, more detailed 
consideration. Whilst the locations of future stations within the CBD is likely to only have a 
minor impact on global mass transit mode share across the wider metropolitan area, it is 
nonetheless important in understanding CBD land use planning and the supporting 
transport network to mass transit such as light rail and CAT system. 
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3.3.4 Feedback of Land-Use to Transport 

The transport network influences land use and vice-versa in an iterative manner. The 
development of more intensified development will influence the viability of new potential 
mass transit routes. Ideally, the next step once a first iteration mass transit network is 
confirmed is to understand the potential opportunities for redevelopment, increasing 
patronage on mass transit and the viability of new routes. Therefore, the identifying all 
reasonable mass transit opportunities, even those that may not be economically justified at 
this point in time with the current assumed 3.5M land use pattern, has been the preferred 
approach in the analysis. Further work is then required, on a project by project basis, to 
better understand suitable transport mode, staging and economic viability for a range of 
different corridor options. 
 

4 Conclusions and Future Directions 

Potential more local network solutions emerging from the sketch model, which has a 
reduced spatial resolution level, should be further analysed using the more detailed 
traditional four-step model for 2050. For example, the Stirling-Shenton Park - UWA/QEII 
link, the orbital connection around CBD, the development of Fremantle, etc. are good case.  
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6 Appendix 

 
Figure A1: Total Population 2050 compared to 2011 
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Figure A2: Basecase Scenario Movements 
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Figure A3: Basecase Scenario Movements Perth CBD 
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Figure A4: Basecase Scenario Movements UWA/QE II 
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Figure A5: Basecase Scenario Movements Fremantle 
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EXECUTIVE SUMMARY 

 
This working paper is part of the “Mass Rapid Transit Plan for Perth and Peel Metropolitan 
Area at 3.5 Million and Beyond” research study, and is aimed at testing the sensitivity of the 
sketch modelling results to input parameters. A sketch model was used to calculate and 
summarise demand by 68 zones and applied proportions to estimate the public transport 
patronage, without considering any mode or route choice. Given the numerous 
uncertainties associated with forecasting land use, transport services and patronage 
demand, sensitivity analysis is crucial for assessing how robust the modelling results are in 
the face of scientific and technical controversy.  
 
This working paper covers two types of sensitivity analysis that were conducted: 
 
 A global analysis of the parameters of the sketch model designed for the 

assessment.  
 A local sensitivity analysis undertaken to test the response of the model where 

modal split elements were converted into probability distributions. This enabled the 
simulation of the changes in the overall patronage for the five rail corridors when 
different input values are applied, identifying the elements with the strongest 
influence on ridership. 

 
The sketch modelling refers to estimating the morning peak demand (7:30-8:30am) required 
to understand network effects of exceeding the current capacity of the public transport. A 
baseline, as well as one scenario of employment growth was tested (concentrating 
employment along the Knowledge Arc, as described in Working Paper 2 – scenario 4).  
 
The results up to a population of 3.5 million indicate that only two current corridors (North-
South spine along the Joondalup-Butler and Mandurah rail lines) will experience growth 
beyond the existing capacity (probability of 0.8 and respectively 0.1) and require solutions 
for alleviating congestion and crowding. These demands increase under the assumptions 
from scenario 4. 
However, beyond a population of 3.5 million population, all corridors (except the Fremantle 
Line) are likely to exceed practical capacity. The most sensitive inputs of the sketch model 
are, not surprisingly, the modal share of public transport, determined by both demand 
elements (mainly percentage of trips for other purposes, trip ‘generation’ for employment 
and education, and proportion of trips during the peak time) and supply (practical capacity 
of the mass transit network and congestion conditions on the road network).  
 
Future research 
 
The current study has highlighted valuable areas of enquiry that warrant further attention 
from researchers and practitioners. To understand the complex interactions of transport 
supply and demand and their potential dynamics within Perth, more detailed analysis is 
required to identify the broad performance of the corridors and to compare them against 
others. In conducting the sketch modelling, the level of aggregation (68 zones, including 
defined activity centres) may mask important areas of development. Further work is 
required to understand the local spatial effects as they strongly and unevenly affect the 
performance of the public transport system. Additionally, different components of the 
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urban system have different speeds of adjustment, and the interplay between “slow” and 
“fast” dynamics is a fundamental question for future investigation.  
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1 Introduction 

1.1 Project objectives 

The aims of this report are: 
1. To understand the performance of current mass transit corridors;  
2. To extract general implications and options for: 

a. future demands (planning of new mass transit corridors or links, etc.) 
b. testing solutions through a demonstration sketch model designed around the 

current main rail corridors. The spreadsheet tool developed for modelling, 
will be available for decision-makers to use to further test alternative 
infrastructure and land-use interventions. 

 

1.2 Project components 

The objective of this research project is to evaluate the robustness of a sketch model to the 
uncertainty of model inputs: total demand and trip generation by purpose and mode share 
(travel preferences). This working paper uses both global and individual sensitivity analysis 
to attest the sketch model’s credibility. 
 
Deliverable 1: sensitivity analysis for baseline. 
Deliverable 2: sensitivity analysis for alternative scenarios. 
 

1.3 Structure of the report 

Section 2 presents the methodology applied for sensitivity analysis, Section 3 offers results 
of the analysis and discusses the findings, and the final section provides directions for future 
investigation. 
 

2 Sensitivity Analysis 

2.1 Definition 

Any formal modelling, regardless of its complexity, requires a set of assumptions and 
hypothesised input-output (I-O) rules that describe the behaviour of the real system. 
Sensitivity analysis covers methods to assess how robust and responsive models are when 
their boundaries are tested. Specifically, sensitivity analysis investigates how uncertainty in 
the output of a model is associated with sources of uncertainty in the inputs (Saltelli et al., 
2008).   
 
Sensitivity analysis is part of a repertoire of verification (Law & Kelton, 1991) and validation 
techniques (Petty, 2010; Windrum et al., 2007). It is particularly useful as an exploration and 
validation tool for models where it is not clear how future mechanisms may affect the 
investigated outcome, therefore how well they are captured in the model results (Dancik et 
al., 2010). Given that parameters of any transport model are calibrated/estimated from 
real-world data, sensitivity analysis is required to ultimately produce evidence that the 
model is sufficiently accurate for the planned application (for its accreditation)(Petty, 2010). 
The systematic exploration of the space of different parameters provides thus greater 
assurance in the validity of the parameter ranges (Saltelli et al., 2008). 
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2.2 Types of Sensitivity Analysis 

There are different approaches to sensitivity analysis: global sensitivity analysis where a 
sensitivity index is calculated; sensitivity analysis on individual parameters (Confalonieri et 
al., 2010; Perz et al., 2013; Ligmann-Zielinska, 2013) and optimised sensitivity analysis that 
focuses on optimising an objective function (Stonedahl & Wilenski, 2011). Global sensitivity 
analysis considers the model holistically, while individual sensitivity analysis considers how 
individual parameters impact model output. Windrum et al. (2007) highlighted that 
sensitivity analysis should be used to explore the validity of initial conditions and 
assumptions, the relationship between micro and macro parameters, and the role of spatio-
temporal resolution. 
Formally, the derivative 𝜕𝜕𝜕𝜕

𝜕𝜕𝜕𝜕𝜕𝜕
 of an output y with respect to an input xi represents the 

sensitivity of y versus xi. Depending on the results, sensitivity analysis serves for factor 
prioritisation or identification of the model components that are most influential in reducing 
the uncertainty of the output. 
 
Benefits of conducting global sensitivity analysis include: ease of communication of results; 
ability to incorporate more than one input variable within the sensitivity analysis (called 
interactions); ability to capture or incorporate non-linearity within the model; and ability to 
include feedback loops within the sensitivity analysis (Ligmann-Zielinska, 2013; Perz et al., 
2013). Yet, relying solely on a global sensitivity index is not recommended, as individual 
sensitivity analysis allows the researchers to explore the influence of individual variables 
and adapt their model accordingly (as described below). Global sensitivity analysis develops 
sensitivity indices to describe how “variation in multiple model input factors (including their 
interactions) is related to variation in model output” (Perz et al., 2013: 178). Here, we 
calculated total effect sensitivity indices, as outlined by Ligmann-Zielinska (2013), based on 
the variance and interpreted them through the use of pie charts.  
 
For example, for a model with four inputs x1, x2, x3, x4, the total effect (variance) due to 
variable x1 includes both the main effect and all interactions of x1 with the other inputs: 
 

Sx1t= Sx1+Sx1*x2 +Sx1*x3 +Sx1*x4+Sx1*x2*x3+Sx1*x2*x4+Sx1*x3*x4+Sx1*x2*x3*x4  (1) 
 
and the sensitivity index of x1 is equal to the ratio: 

𝑖𝑖𝜕𝜕1 =
𝑆𝑆𝜕𝜕1𝑡𝑡

𝑆𝑆𝜕𝜕1𝑡𝑡 + 𝑆𝑆𝜕𝜕2𝑡𝑡 + 𝑆𝑆𝜕𝜕3𝑡𝑡 + 𝑆𝑆𝜕𝜕4𝑡𝑡
 

(2) 
Traditional or individual sensitivity analysis, on the other hand, considers the influence of a 
single input variable on the output of a model. Three main disadvantages of individual 
sensitivity analysis include: inability to account for non-linearities, interactions, and being 
onerous (as summarised by Ligmann-Zielinska, 2013: 3). These issues can be overcome 
when a combination of individual and global sensitivity analysis is applied. Traditional 
approaches to sensitivity analysis are still important, as they enable professionals to identify 
relevant model parameters necessary to be refined in order to better mimic the real world 
systems (Confalonieri et al., 2010; Petty, 2010). 
 
If the results of individual sensitivity analysis indicate negligible changes when an 
input/parameter is modified, the researchers can assume that the parameter is not critical 
to the model and its accuracy is not of major concern (Gilbert & Troitzsch, 2005). Therefore, 

Working Paper 4: Sensitivity Analysis Page | 6 
 
 



trade-off judgments on parameter inclusion can be made and sensitivity analysis assists 
researchers to justify their inclusion (or not) of relevant parameters.  
 
Moreover, models that are “sensitive” to their initial conditions are fragile and lack 
robustness (Perz et al., 2013). Fragile models exhibit low resilience and are susceptible to 
changing state or exhibiting multiple stable states. Researchers working with fragile models 
need to conduct further validation procedures on the initial conditions of their input 
variables and sensitivity analysis guides the researcher on where to focus these efforts. 
 

2.3 Overview of the sketch model 

Considering the uncertainties associated with forecasting travel demand for a population of 
3.5 million and beyond, a sketch model was deemed appropriate for an initial identification 
of future shortfalls in the current mass transit capacity. Sketch models have a long history of 
applications in transport modeling (Ortúzar & Willumsen, 2011), where the traditional four-
steps are simplified or only partially applied, depending on the problem at hand.  
 
Sketch models are fit for long-term planning as an initial screening stage, identifying 
possible solutions for future that need more attention through four, five, or six-step 
strategic transport models (e.g. STEM). Sketch models have the benefit of being easy to use 
and transparent, nevertheless they have lower level of resolution. The sketch model 
approach used in this study to estimate travel demand outcomes is spreadsheet-based and 
aggregates to 68 zones the O-D demand for Perth in 2050. The model is anchored in the 
current 2011 data, making use of numerous secondary sources (STEM modeling output, 
2011 Census, SmartRider patronage, etc.). The model uses output from the Pracsys 
population and employment model based on a monocentric city model (i.e. employment 
centralised around a knowledge arc), with Perth CBD representing > 13% of the 
employment in the metropolitan area.  
 
The Excel spreadsheet decision support tool provides a number of sheets corresponding to 
each of the current rail lines.  Figure 1 provides a screenshot of the calculations for the NW 
rail line. The model aggregates the peak hour demand from zones around the corridor to 13 
destinations (main activity centres of interest1).  
Three types of trips are included: work, education (tertiary education differentiated by 
destination) and other purposes (shopping, social, drop-off, etc.). Calculations assume that 
each person in the labour force would make a commuting trip a day, likely to overestimate 
the demand for public transport, compared to the current generation rate of 70-75% 
(accounting for part-time, annual and sick leave, and working from home). 
Then the mode share for public transport assumes that mass transit is particularly 
competitive for longer trips, therefore the total number of trips is split between “Outer” and 
“Inner” trips. A “Total Effect” is estimated by clusters of destination zones and applied to 
the O-D daily demand. It is important to note that the baseline model considers current 
travel behaviour and patterns. 

1 The main destinations are: CBD (zone 27), eight strategic activity centres (Stirling 20, Joondalup 5, Midland 15, Armadale, 
Morley 22, Fremantle 58, Rockingham 41, Mandurah 53), three secondary activity centres (Subiaco 67, Leederville 25, 
Claremont 64), the four specialised centres (UWA/QE II 65, Bentley/Curtin 62, Murdoch 60, and the Airport). In addition, 
Shenton Park (zone 63) was included considering its strategic location (near to UWA/QEII) and the potential for future 
development. 
 

Working Paper 4: Sensitivity Analysis Page | 7 
 
 

                                                        
 



Figure 1: Snaphot Sketch Model Interface 

 

 
 
 

 
 
Note: Total effects are applied differentiated by destination cluster. 
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2.4 Implementation for the MTP for Perth and Peel at 3.5 Million and Beyond 

An initial analysis was conducted to develop a further understanding of the level of 
aggregation of the sketch model. The Excel spreadsheet decision support tool was available 
for testing the implications of changing the initial conditions and mode share parameters for 
the baseline and four alternative scenarios. 
 
Average parameters (initial point estimates) have led to the patronage results presented 
below in Section 3. Then, sensitivity testing was undertaken where each parameter was 
converted into a distribution (Table 1) to enable the simulation of the changes in the overall 
patronage for various corridors. The stochastic approach enabled testing various 
distributions for O-D relations where morning travel has distinct characteristics from the 
“traditional” split between commuting, education, and other purposes, by each of the five 
rail corridors. 
 
Simulations were run using @Risk (Palisade Corporation) to identify which elements have 
the strongest influence in the final patronage numbers. @Risk is an Excel add-on package 
that allows for a multi-way sensitivity analysis where the inputs are not varied in discrete 
steps, but rather are sampled from the assumed distributions. These inputs are varied 
simultaneously and the combined effect is then analysed using regression techniques. The 
simulations conducted here used triangular distributions, but any other distribution may be 
applied.  
 
Table 1 shows the deterministic value or the point estimate for the analysis as a RiskStatic 
function (e.g., 0.11 or 11% public transport share for tertiary education to destination zones 
58, 60, 62, 65, representing the four universities in Perth). The RiskTriang functions provide 
the stochastic input for simulation, for example here the proportion of tertiary education 
trips with the destination zones 58, 60, 62, 65 vary between 8% and 15%, with the most 
likely value 11%. 
 
Table 1: Example Settings for Sensitivity Analysis 

 
The results of the simulations were then analysed using multiple regression and the 
corresponding output is provided as Tornado diagrams in the Appendix. These diagrams 

2 With the objective of increasing readability, Table 1 displays the proportions of Outer and Inner commuting trips as fixed, 
but in the spreadsheets they are triangular distributions as well. 

Destination Increase Decrease 

Zones Students (Rail) Other (Rail) Outer 
Mode 
Work 

Inner 
Mode 
Work 

Peak Hour % 

25, 27 =RiskTriang(0.01,0.02,0.03, 
RiskStatic(0.02)) 

=RiskTriang(0.005,0.01,0.06, 
RiskStatic(0.01)) 

0.7 0.4 =RiskTriang(0.3,0.36,0.42, 
RiskStatic(0.36)) 

15,41,53,64 =RiskTriang(0.01,0.02,0.03, 
RiskStatic(0.02)) 

=RiskTriang(0.005,0.01,0.06, 
RiskStatic(0.01)) 

0.2 0.25 =RiskTriang(0.2,0.27,0.34, 
RiskStatic(0.27)) 

58,60,62,65 =RiskTriang(0.08,0.11,0.15, 
RiskStatic(0.11)) 

=RiskTriang(0.005,0.01,0.06, 
RiskStatic(0.01)) 

0.35 0.45 =RiskTriang(0.2,0.27,0.34, 
RiskStatic(0.27)) 

20,63,67 =RiskTriang(0.01,0.02,0.03, 
RiskStatic(0.02)) 

=RiskTriang(0.005,0.01,0.06, 
RiskStatic(0.01)) 

0.4 0.352 =RiskTriang(0.2,0.27,0.34, 
RiskStatic(0.27)) 
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display the relative ranking of one input versus another by comparing the effects of all 
inputs on the results. For each input, the length of the bar indicates the amount of change 
the input caused on results. 
 
The simulation was conducted for the baseline case and one scenario. Additional scenarios 
(please consult Working Paper 2 by McFarlane & Kyne, 2015), aiming to better reflect the 
interaction between land-use and transport were tested using similar distributions, but 
results are not included in this working paper. These scenarios acknowledge that transport 
and land-use development do not occur on the same time scales (Roberts, 2008) and some 
measures may have long-term effects on the spatial structure of the city that the sketch 
model may not adequately capture. 
 

3 Results and Discussion 

The sensitivity analysis comprises two parts. Section 3.1 presents the global and local 
sensitivity analyses to determine which inputs most influence the patronage values. Section 
3.2 examines scenario 4 (employment concentration along the Knowledge Arc). The 
decision to present only one additional scenario is in response to the moderate changes 
between the employment scenarios. The most dissimilar scenario to the baseline was 
therefore deemed appropriate for delineating the overall range of changes3. Scenario 4 
assesses an uneven spatial distribution of employment (and thus travel demand) across the 
metropolitan area.  
 
A summary of the key findings is presented in Section 3.3. 
  

3 Working Paper 2 presents only employment scenarios. Additional land-use and transport scenarios can be further tested. 
For example, an increased travel demand by up to 33%, allowing for growth “beyond” 2050, can be easily evaluated. This 
additional increase considers not only population growth, but also potentially higher CBD employment. Other scenarios 
may consider infrastructure changes (e.g., new radial and orbital network links provided to accommodate increases in 
patronage, and/or cater for accessibility and ensure network reliability). 
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3.1 Analysis of inputs 

Results presented in the Appendix show that the NW and SW rail line corridors are 
extremely likely to experience capacity constraints. They are followed by the Midland line. 
The distributions in Figure A2 indicate that there is a probability of at least 0.7 that the 
practical capacity (0.8 of the hourly 26,400) will be exceeded on the NW corridor, but only 
of 0.1 that the demand will be higher than the capacity on the SW corridor. Heritage lines 
Midland, Armadale and Claremont, appear to have sufficient reserves to absorb the 
predicted growth of travel demand.  
The capacity constraints for the NW corridor are obvious even when considering the 
“theoretical” capacity of 26,400 passengers/hour, with the probability to exceed this level 
being >0.18.  
 
Figure 2 and Table 2 provide indications of the modelling inputs (parameters and initial 
conditions) that affect the variability of results the most. Figure 2 illustrates the sensitivity 
indices for the NW corridor, which has the highest demand. 
 
Figure 2: Example Global Sensitivity Results (Si) 

 
 
The results indicate that percentage of trips for other purposes (S1 = 0.617), the trip 
“generation” for employment and education (travel proportion S2 = 0.188), and the 
proportion of trips at peak hour (S3 = 0.078) lead to the highest uncertainty in the peak hour 
patronage. Both global and traditional sensitivity findings concur here, because of the linear 
structure of the spreadsheet model. 
 
  

6.2% 

61.7% 4.2% 

1.3% 

7.8% 

18.8% 

NW Global Sensitivity 

Students (Rail)

Other (Rail)

Outer Mode Work

Inner Mode Work

Peak hour %

Travel Proportion
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Table 2: Traditional Sensitivity Analysis Results Baseline 

Note 1: The research team, through a consultation process, established the ranges for the triangular 
distributions. 
Note 2: The results for commuting trips are multiplicative (e.g., number of employees multiplied by the % of 
employees travelling during the day, the % of trips during peak hour, and % outer/inner PT share), separable 
from education and trips for other purposes (added to the commuting trips as % of initial number of 
employees). 
 

3.2 Scenarios 

Results of the scenario 4, “Concentrated Employment within the Knowledge Arc”, show 
similar insights to the baseline case. The demand is likely to exceed hourly capacity on the 
NW (>75%) and on the SW (33%), as a result of the concentration of 50% of the new 
strategic jobs in the central areas of the city. Similarly, on the NW corridor, the peak hour 
demand will surpass the “theoretical” capacity of 26,400 passengers/hour in >21% of the 
simulation cases; for the SW corridor this probability is only 2%. 

Again, the Heritage lines record patronage figures well below their capacity. 

  

Parameter Description Range used in the 
sensitivity analysis 

Effect (standardised regression coefficient) 

Travel 
proportion 

Proportion of employees 
travelling to work on any 
given day (it accounts for 
working-from-home, 
illness, holidays, etc.)  

[60, 100%] 0.3-0.44, second most influential parameter 
for patronage. 
Its effect depends on the corridor (more 
important for the SW, Fremantle, and 
Armadale 0.44 corridors, least influential for 
NW 0.3) 

Peak hour 
percentage % 

Proportion of trips at 
peak hour  

[10, 40%]  distinct 
for CBD and other 
areas 

0.21-0.27, third most influential parameter 
for patronage. 
Differentiated by corridor: 0.27 for SW and 
Armadale, 0.23 for Fremantle, 0.22 SW, and 
0.2 on the NW 

Outer Mode 
Work 

Proportion of 
commuting trips from 
the “outer” regions to 
the main destinations by 
public transport 

[20, 70%] 
differentiated by 
destination cluster 

0.16-0.25, most influential for SW and 
Fremantle corridors 

Inner Mode 
Work 

Proportion of 
commuting trips within 
the “inner” region of the 
main destinations by 
public transport 

[25, 50%] 
differentiated by 
destination cluster 

0.01-0.03, least significant uncertain input 

Students 
(Increase) 

% of education trips that 
are undertaken between 
7:30 and 8:30am 

[2, 15%] 0.08-0.17, most relevant for SW and 
Midland 

Other 
(Increase) 

% of trips for other 
purposes  that are 
undertaken between 
7:30 and 8:30am 

[1, 6%] The most influential factor for patronage, 
ranging between 0.46 and 0.89.  
Differentiated by corridor: for NW and 
Fremantle 0.89, for Midland 0.66, 0.57 on 
the Armadale line, and 0.46 for SW 
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In terms of sensitivity, scenario 4 offers new connections/findings. The % of student trips 
and the travel proportion are becoming much more important for the SW and Midland 
corridors. Conversely, the uncertainty regarding the % of trips at peak hour has a lower 
influence on the patronage on Fremantle, SW, and Armadale lines. 

Table 3: Traditional Sensitivity Analysis Results Scenario 4 

 

3.3 Summary findings 

 
 Population and employment growth have differentiated spatial effects on the travel 

demand and therefore patronage, with the highest values on the NW and SW 
corridors, where morning peak practical capacity (0.8) is likely to be exceeded and 
therefore mass transit solutions are required;  

 When “theoretical” capacity is used, only the NW corridor displays “capacity stress” 
(18% of the time);   

 Midland corridor is the next “busiest”, although capacity reserves exist; 
 The most sensitive/important elements of patronage for both baseline and scenario 

4 are the mode split by purpose (other purposes, education, work) and proportion of 
trips made for commuting (travel proportion); 

 Number of trips made by individuals during the peak hour is also affecting the 
ridership; 

 Differentiation of “inner” commuting trips is the least sensitive input of the sketch 
model; 

 For demand “beyond 3.5 million” (33% higher than baseline), the capacity 
constraints are expected to be higher (there is a probability of 0.85 that the 

Parameter Description Range used in the 
sensitivity analysis 

Effect (standardised regression coefficient) 

Travel 
proportion 

Proportion of employees 
travelling to work on any 
given day (it accounts for 
working-from-home, 
illness, holidays, etc.)  

[60, 100%] 0.31-0.63, depending on the corridor (more 
important for the Midland 0.63, and 
Armadale 0.45 corridors, least important on 
NW corridor 0.31) 

Peak hour 
percentage % 

Proportion of trips at 
peak hour according to 
the mode split 

[10, 40%] distinct 
for CBD and other 
areas 

0.18-0.23, similar effects on all corridors 

Outer Mode 
Work 

Proportion of 
commuting trips from 
the “outer” regions to 
the main destinations by 
public transport 

[20, 70%] 
differentiated by 
destination cluster 

0.14-0.23, influential on the SW corridor 

Inner Mode 
Work 

Proportion of 
commuting trips within 
the “inner” region of the 
main destinations by 
public transport 

[25, 50%] 
differentiated by 
destination cluster 

Less than 0.02 

Students 
(Increase) 

% of education trips that 
are undertaken between 
7:30 and 8:30am 

[2, 15%] 0.07-0.18, relevant for Midland and SW 

Other 
(Increase) 

% of trips for other 
purposes  that are 
undertaken between 
7:30 and 8:30am 

[1, 6%] 0.47-0.88, differentiated by corridor (for NW 
0.88, for Fremantle 0.83, Armadale 0.57, 
Midland 0.51, 0.47 for SW line 
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“theoretical” capacity would be insufficient on the NW corridor, 0.25 on the SW line 
and 0.13 on the Midland line); 

 The results of the concentration of employment on the “Knowledge Arc” are similar 
to the baseline, with additional increase of demand primarily on the SW and 
Fremantle lines. 

 

3.4 Discussion 

As indicated, capacity limitations for the mass transit system are likely to occur only on the 
North-South spine, even after considering appropriate signalling, station, and rolling stock 
enhancements to rail capacity.  

Although the sketch modelling is providing the “ballpark figures” for public transport 
ridership, its aggregation level does not allow identifying the direct correspondence 
between assumptions and the peak hour patronage. Acknowledging the uncertainities 
associated with the long-term forecasts, sensitivity analysis is a necessary step to ascertain 
where further modelling work is required.  

Sensitivity analysis has a number of advantages. As highlighted by Saltelli et al. (2008): “it 
can surprise the analyst, uncover technical errors, identify critical regions in the space of 
inputs, establish priorities in research, simplify models and defend against falsifications of 
the analysis” (p.11). 

Our analysis highlights that assumptions made of peak hour mode share, % of trips for other 
purposes, followed by the proportion of trips made for commuting in any given day are the 
most influential elements that can change the patronage/throughput and thus require 
additional investigation. 

In the context of modelling used for policy assessment, as is the case here, sensitivity 
analysis can also verify whether policy options (network changes) can be distinguished from 
one another given the uncertainties in the demand and how they can support each other in 
the overall transport network. 
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4 Implications and Future Directions 

Although a formal cross-validation has not been undertaken, it is expected that the sketch 
model results will not differ significantly from the more detailed STEM model. This 
alignment is anticipated due to the anchoring the parameters of the sketch model on the 
2011 STEM trip generation and modal split and testing ranges for inputs consistent with the 
STEM results (e.g., 230,000 trips to the CBD, 17-18% mode share of public transport on the 
NW corridor, or up to 15% trips for education during the peak hour).  
 
Potential network solutions, which have a reduced spatial resolution level, such as the 
proposed Stirling-Shenton Park - UWA/QEII link, the orbital connection around CBD, and the 
development of Fremantle, should be further analysed in more detail using the traditional 
four-step model for 2050.  
 

4.1 Study limitations 

A number of limitations to the current study are noted: 
 
 One of the major challenges of any sketch model is the limited ability to represent 

the heterogeneity of all agents/stakeholders, affecting both demand and supply; this 
is particularly relevant for travel behaviour and choices, which are likely to be very 
distinct from current practices; changes in the objectives and policies of the 
government institutions may also impact on the results. Simulation approaches that 
emphasise modeling individual choices are further required to respond to emerging 
urban processes and spatial dynamics. Related to this, the sketch model should also 
be formally tested against other models or data. No matter how much or little 
behavioural validity a model has, it cannot be used unless it can respond to input 
assumptions and make realistic, credible predictions.  
 

 The study relies on a small number of zones. Although a deliberate decision to offer 
a “broad brush” assessment, some important perspectives on the relationships 
between travel demand factors and supply and between different transport modes 
cannot be captured in the analysis. Important omissions refer to the attractiveness 
of public transport, distribution of employment of various types across the zones, 
station-to-station interactions or links between the existing and proposed activity 
centres throughout the Perth metropolitan area. The integration of these elements 
into the current framework is identified as an important future direction of research.  

 
 In the sensitivity analysis, the results are based on the peak travel demand between 

7:30-8:30am, assuming not only that this is the most pressing issue (ensuring 
carrying capacity), but also that this traffic is the determinant of daily ridership for 
the mass transit. However, uncertainties associated with such a long-term planning 
horizon question the validity of such consideration. It is envisaged that the daily 
ridership, relevant for the economic viability of any mass transit infrastructure, may 
potentially be higher on other O-D relationships and throughout the day, for 
purposes other than commuting, e.g. education, health, shopping, recreation. 

 
 Given the wide range of data sources, some data may not be directly comparable. 

Additionally, different components of the urban system have different speeds of 
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adjustment, and the interplay between “slow” and “fast” dynamics (Roberts, 2008) 
should be investigated.  

 

5 Conclusion 

 
The work presented in this report has the main objective to assess the robustness of a 
sketch modelling tool designed to provide a “broad brush” assessment of the mass transit 
requirements for Perth and Peel metropolitan area, expected to almost double its 
population around 2050. A set of six inputs was tested. The performance analysis that was 
undertaken indicates that % of other trips, modal share, and number of commuting peak 
trips per individual are key for ensuring the patronage required by mass transit solutions.  
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7 Appendix 

Figure A1: Tornado Diagrams 

Baseline 2050 Scenario 4 Concentrated Employment within the 
Knowledge Arc 

North-West (NW/Joondalup-Butler line) 

  
Midland 

  
Fremantle 

  
South-West (SW/Mandurah line) 

  
Armadale 

Working Paper 4: Sensitivity Analysis Page| 19 
 
 



  
 
Figure A2: Results Sensitivity Analysis (1,000 iterations) 
 
Baseline 2050 Scenario 4 Population, Employment, and Network 

Changes 
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1. Introduction 
This report on network planning is designed to inform the development of the public transport 
response to the growth of Perth and Peel to a population of 3.5 million.  This growth demands 
considerable change to the existing transport network that needs to be extended to meet this 
challenge. 

The report sets the context by identifying the critical characteristics of Australian cities and how this 
affects the use of public transport.  This is followed by a discussion of different network planning 
approaches, primarily emanating from Europe where public transport usage is high and citizens are 
not typically so private car dependent. 

It is important to set the network plan before consideration of mode.  Different modes are not 
perfect substitutes for each other and critically have different cost (infrastructure and operational) 
characteristics.  These are discussed in Section 4. 

The report then turns to a more detailed discussion of network planning principles, considering the 
stages of network planning – long and short term – as well as more micro principles which follow 
their implementation. 

The penultimate section highlights a number of critical issues which need to be seriously considered 
in the planning of a new public transport system for Perth with the final section outlining the key 
limitation of addressing links between land use planning, public transport use and the built 
environment characteristics. 

2. Nature of Australian cities and the use of Public Transport 
One of the aspects all policy makers should realise is that the nature of cities in Australia is very 
different from elsewhere in the world.  This uniqueness needs to be taken into account in the design 
and implementation of evidence based policy. 

There are a number of characteristics that seem to determine the amount and use of public 
transport.  An obvious starting point is to look at cities which have similar characteristics to those of 
Australian cities.  The problem is that the different characteristics suggest different comparator cities 
as follows: 

• In terms of size, Australian cities have more in common with Europe 
• In terms of densities, Australian cities have more in common with North America 
• CBD employment shares are at the low end, only Los Angeles is lower 
• Built up area is slightly higher than Europe but considerably lower than North America 
• South American and Asian comparators have higher populations, densities of several 

magnitudes greater as a result of their small built up areas 
• City and metropolitan densities maybe very different eg Munich has an area 15% of 

Sydney, a city density 2.25 times Sydney and a Metro area density 0.25 of Sydney 
(http://www.aviewoncities.com/ , accessed 10/12/15) 

• At 3.5m, Perth will have pop similar to many Chinese cities (but not the density) 

As with all urban areas, the connections between land use and transport policy need to be 
recognised and factored into future decisions.  Public transport networks do influence land use 
structure and vice versa and in many cases need to be planned together for effective outcomes e.g. 
the proposed densification around new public transport investments.  Density is important for the 
sustainability of new public transport investments because it provides a bigger pool of people from 
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which to provide patronage.  In addition, developments or land use changes can also drive the need 
for new public transport links.  Land use and transport policy need to be positively considered so 
that land use and public transport strategy reinforce each other. 

The nature of the institutional framework conditions what is possible in terms of its regulatory 
features and has impact on costs (reference?).  Network planning is most important in the public 
service approach and the co-ordination of the bodies involved will determine the success of the 
planning outcome:  in Perth, the connections between the different bodies responsible for public 
transport – policy, implementation of new projects and operational features – need to be clear 
about responsibilities and co-ordination.  Affected by policy is the economic framework that is use, 
and in particular which projects get past the ‘post’ and why, will determine the road/public transport 
mix on the one hand and the land use/transport ‘fix’ on the other.  These institutional issues must be 
remembered as they have an impact on what in the end is possible. 

There are of course constraints and limitations to what policy and new infrastructure can achieve. 
Supporting policy is essential in the creation of an attitudinal shift away from private car use and 
towards public transport use.  These will be complementary policies which reinforce the underlying 
transport policies in their achievement of personal modal shift e.g. parking policies.  The underlying 
aim for sustainability is to create a level of ‘choice’ rather than ‘capture’ in public transport use. 
Alongside this it is important to ensure congestion relief or treatment to prevent the limitation of 
agglomeration benefits:  typically this might be a congestion tax but there is significant evidence that 
moving towards a per km charge for the road system in the peak maybe sufficient. And, whilst the 
former policies in this paragraph might be considered discretionary, an important constraint comes 
from topography (mountains, water mounds, temperature) which makes Perth and Peel a linear city 
from a planning point of view.  As policy and planning looks to the future, there is a need to 
remember that these factors are important.  

3. Network Planning Approaches 
‘Perth and Peel at 3.5 million’ is a long term plan which, from a transport planning point of view, 
needs to take account of network planning at a number of different levels.  The different levels 
should be able to nest at different spatial and temporal levels in much the same way as the different 
sizes of Babuska dolls.   

However, even in terms of planning at different spatial and temporal levels, there needs to be a 
decision as to the fundamental approach to planning from a policy point of view.  Within the 
Strategic-Tactical-Operational (STO) framework (Van de Velde 1999 and Hensher and Macario 2002) 
the strategic level can broadly take one of two directions: matching services to demand or to 
matching services to need.  

A decision on this fundamental principle is important since in turn it defines the tactical and 
operational levels of implementation.  Fundamental to the strategic direction is an understanding 
of the role of economics and the role of the network effect in designing and defining services. The 
network effect is a characteristic of the system of public transport and emerges from a recognition 
of the way in which transport provides accessibility to goods and services and that a network of 
services can lead to patronage gains beyond what might be expected from a new route or a single 
link within that system.  In a long term planning context this is important as new links from new 
investment must be considered  for their role as part of the system and not in isolation as a new 
corridor.  
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As explained in Hitrans Good Practice Guide 
(Neilson et al, 2005, p.84), the network 
effect comes from an assumption that 
travellers are willing to make interchanges.  
Systems of public transport that facilitate 
interchange lead to these changes being 
made in huge numbers.  There are a 
number of resources that have confirmed 
the importance of interchange and the 
European Commission (EU) have funded 
many studies examining good practice in 
this context which provide resources (e.g. 
The Niches project guidelines for 
implementers of passenger friendly 
interchanges at: 
http://www.polisnetwork.eu/uploads/Mod
ules/PublicDocuments/21582_policynotes
WG2_1_low.pdf (accessed 10 December 
2015)).  A hugely successful plan in this 
context has been the Madrid Transport 
Interchange plan, originally conceived in 
the 1990s which has seen transformational 
change in the number of users since 
opening. This is shown in Figure 1 and the 
source document shown.  

Figure 1:  The Madrid Metro Interchange Plan 
(Source:http://19343a27nxyv1ifure2nq0aw.wpengine.netdna-
cdn.com/wp-content/uploads/sites/4/2014/07/WP5-Madrid-
Transport-Interchanges.pdf accessed 10 December 2015) 
 

 
Network planning in the long term, as the umbrella to more short term planning, must be 
underpinned by clear objectives, particularly in terms of the key drivers of public transport use of 
density, built environment layouts and land uses which are mixed.  This of course reiterates the 
links between transport and land use planning, but is important also for underpinning the 
aspirations for public transport in the urban area. It should not be forgotten that it is the nexus of 
land use and transport which determine the ultimate shape of the urban area and that economic 
factors such as fares policy have an influential effect on this since the rent gradient determines the 
ultimate density and land use (e.g. fares that are too cheap for long distance travel encourage long 
distance travel and urban sprawl).  
 
Public transport use is determined by frequency, journey times and associated ‘soft’ policies which 
are at the intersection of transport and land use planning e.g. parking policies.  The literature is 
clear that increasing patronage depends on providing a high enough frequency that passengers 
turn up to public transport stops without having to consult a timetable (often described as the 
‘forget the timetable’ frequency), journey times that compare well with private car travel times:  
these might be described as the ‘carrots’ of public transport provision.  If there are also ‘sticks’ such 
as expensive car parking fees, then these reinforce the ‘carrots’ to encourage movement from the 
private car to public transport. 
 
Alongside this, governments face funding constraints with decisions as to how to allocate funds 
between different areas of public spending. Providing accessibility in the future in a sustainable 
form embodies the imperative to ensure that delivery provides good value for money.  In this 
context, the objectives for the public transport system are of fundamental importance in 
determining the extent to which citizens will travel by public transport or, as many currently do, by 
private car. ‘Perth and Peel at 3.5 million’ identifies significant increases in population but for Perth 
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to have any opportunity to have a sustainable future a significant proportion of the existing 
population, as well as a significant proportion of the new population need to be public transport 
users. Governments need, of course, to make a policy decision as to how limited funds are to be 
spent and in the public transport context, this comes down to a decision as to whether the urban 
public transport system is to be designed and operated in relation to coverage or frequency.  
 

Of course, if there were no funding constraints, 
it would be easy to provide much public 
transport and not worry too much as to how it is 
used.  But this is not the case and hence the 
need to decide whether network design should 
err towards coverage or frequency. The decision 
as to whether to promote coverage or frequency 
is well illustrated by Figure 2 in which there are 
the same number of vehicles to serve the 
population (shown by white dots) but with very 
different outcomes because the different design 
principles allow different objectives to be met.  
Using frequency, the objectives of passenger 
growth can be achieved and alongside this, a 
greater return from fares.  

 

Moreover, there is likely to be a more positive 
environmental impact from reduced private 
vehicle trips as more people become ‘choice’ 
public transport users and hence reduced 
emissions.  Against this, social inclusion 
objectives are more difficult to meet with the 
frequency design and many may be excluded 
from access to public transport if the 
concentration of services on key routes is not 
accompanied by measures for the less mobile to 
have access.  However, coverage can provide for 
the equity goals of public transport policy and 
help with redistributive aims of policy associated 
with enhancing social inclusion.    
   

Figure 2: The Coverage versus Frequency 
trade-off. (Source: Walker, J. 2011) 

 

4. Mode considerations 
In many cases, ‘project’ are suggested, prepared and even agreed for a particular mode without first 
preparing the more high level case. This is often because some critical bottleneck is observed and 
there is an urgency for its resolution. 

However, the appropriate way to proceed with network planning, especially for a city which is 
growing, is to have the policy sights set on the long term structure before turning to the more 
immediate future.  Fixing the core is essential and often facilitated by considering the strengths and 
weaknesses of the current network.  This process will concentrate passenger flows onto specific lines 
of movement and here the skills of the network modellers to forecast these flows are important.  

            
   

            
   

Frequency 

Coverage 
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Identifying the flows allows estimates for the origin destination (OD) matrices to be made in a mode 
agnostic way.  This is the first stage. 

The second stage is to consider the mode, recognising that different modes are not perfect 
substitutes for each other in terms of carrying capacity, cost of provision and operation and 
passenger perceptions and willingness to use. Modern cities are typically comparing the options of 
bus based solutions and rail based solutions encompassing light rail and metro rail. In Australian 
capital cities, heavy rail has dominated the commuter networks largely because of the low density 
nature of Australian cities but at very great expense (one source suggests that light rail can vary from 
$is 43million/ mile (Norfolk, Virginia, US to $US 204 million per mile (Portland, US) depending on the 
amount of tunnelling as compared to heavy rail of $US 251 million per mile (BART, California) to $US 
2.1 billion per mile (New York ) and an average of $US 7.24million per km for BRT 
 (http://publictransport.about.com/od/Transit_Projects/a/How-Much-Do-Rail-Transit-Projects-Cost-
To-Build-And-Operate.htm (Accessed 10 December 2015) and Merkert et al 2015).  However, for 
‘Perth and Peel at 3.5 million’ the land use plan proposes significantly increases in densities, building 
on the moves in this direction and so the choice of mode may well not feature heavy rail. 
Clearly many attributes affect the cost of provision of infrastructure and determine the ongoing 
running costs.  For bus based systems there is perhaps a wider continuum between high end and low 
end bus rapid transit (BRT) systems but there is increasing evidence that for the grade separated BRT 
systems, they are able to carry a passenger load commensurate with light rail and in a number of 
places exceeding the accepted throughput of light rail.  Table 1 provides a comparison of various 
aspects of the provision of service. 
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Table 1: Comparison of BRT and Urban rail transit systems (Source: Cervero 2013) 

 

Of the BRT systems, the South American and Chinese systems have demonstrated carrying capacities 
beyond all expectations. However, ‘apple for apple’ comparisons are difficult because of the very 
many more variations which are available for bus based systems than for rail based systems which 
are more comparable across the world. But there is no doubt that BRT systems have lower capital 
costs than rail based systems (although the Adelaide system is a notable exception), lower operating 
costs and not necessarily lower carrying capacity.  Further investigation also shows that the South 
American systems are carrying more than might be expected for the density of the city – and it is 
hypothesised that this is comfort, quality and affordability (Cervero 2013) is driving this 
performance. 

In many of the cities of Europe, the distinction between light rail and BRT is become less obvious 
with the purchase of modern bus fleets with covered wheels so that externally buses appear very 
similar to light rail. Cervero (2013, p.15) lists cities and types of vehicle that have been put in place.  
However it should not be forgotten that some steel rail systems also use rubber tyres (such as some 
of the Metro lines in Santiago, Chile) which further muddies the bus/rubber tyre and steel rail 
distinction. 

It is clear that both light rail and BRT have a role to play in improving public transport and preparing 
for the future.  The ‘trick’ is doing the right analysis to see which one comes ahead and when. This 
depends on the forecasts for the concentration of people onto corridors within the public transport 
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system for the projected OD matrix. It is also possible, depending on how constrained funds are to 
propose whether there should be staging of infrastructure development perhaps starting with a bus 
route, then providing priority, then BRT followed by Light Rail.  However, although staging has been 
argued, notably for the BRT in Sydney in Australia, there has not been (as yet) any need to upgrade 
to rail.  

In terms of citizen acceptance, there is much evidence to show that there is a bias in favour of Light 
Rail.  Politicians too seem to favour Light Rail (and these two facts may well be connected). But more 
recent research has shown that when the right questions asked, bias is reduced when residents 
consider what they get from a system when budgets are fixed, especially the benefit of the wider 
network, connectivity and accessibility.  Perhaps more importantly, when there is the experience of 
BRT, there is considerably more support and an absence of bias (or rather a bias towards BRT) – the 
‘Brisbane’ effect (Hensher et al 2015a, Hensher et al 2015b). 

5. Network Planning Principles 
5.1 Stages of Network Planning 
In the long term, the purpose of network planning is to create the fixed infrastructure.  That is to 
plan and create the public transport infrastructure which is on dedicated land, whether this is bus or 
rail based. For ‘Perth and Peel 3.5 million’ this means building on the existing radial structure to the 
extent this is possible, given the topographical constraints. 

The plans need to be informed by the main transport corridors into the future so that through city 
routes are used wherever possible to avoid the congestion of layovers (for all modes).  Importantly, 
planning must give thought to tangential or linking routes across the existing and any proposed 
additional radial routes as these provide accessibility to destinations without having to traverse the 
CBD.  Perhaps more importantly, the evidence suggests that where these opportunities have been 
offered in Sydney through the high quality, turn up and go Metrobus network, patronage has soared 
(Ho and Mulley 2014). 

The final stage is to ‘fill in’ around the fixed core of services.  When the core is fixed, whether rail 
based or dedicated BRT, there are limitations in flexibility: the timetable can be changed, the 
frequency and stopping patterns can be altered but the route is fixed.  So, in the short term, bus 
provides the flexibility to meet changing or new ‘needs’ of accessibility until the point that some 
more fixed infrastructure needs to be provided.  Thus, all the principles of network planning apply to 
bus networks with many of the principles also being important when designing the long term core. 
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5.2 Fundamentals of Network Planning 
There are two particular decisions which underpin the structure of the long term core.   

The first is a decision relates to the 
issue raised above in Section 3 
above, that of the deciding the 
strategic direction within the STO 
framework in relation to having a 
network which matches services to 
demand or a network which matches 
services to need.  Neilson et al 
(2005) present this as a choice 
between the tailor made or the 
ready-made approach. 
 
The tailor made approach fits the 
needs of different users and closely 
matches provision to need.  So as 
need varies during the day, so the 
network changes spatially.  This 
network, for a given budget, can 
provide services to a wide catchment 
even if they are not very frequent 
but it is a network that needs to be 
understood to be useable, 
 
In contrast, the ready-made 
approach keeps the spatial network 
more or less constant but varies the 
frequency according to the time of 
day so as to more closely match 
demand.  This is a network which is 
easier to understand and one where 
making the experience of ‘seamless’ 
public transport easier to achieve.  

  

 
Figure 3: Different fundamentals of network design 
Source: Nielson et al (2005) p.35    

However, the ready-made approach is contingent 
on the willingness to transfer and this raises 
other issues of fundamentals.  Successful public 
transport systems tend to follow the urban form.  
Where there are high density corridors, the 
provision of strong radial rapid transit is 
appropriate.  However, not all cities have these 
strong dense corridors.  For example in South 
American cities, most public transport is 
distributed along high density radial corridors but 
in contrast, cities in China tend to have more 
uniformly distributed urban densities which calls 
for more multi-directional systems.  

 

closed

open 

Figure 4:  Open and closed systems of 
network design 
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When there are high density corridors, closed systems work well for the ‘trunk’ public transport of 
whichever mode, with feeder services to access the trunk services.  This is called a closed system. 
Where there is a more planar urban form, it is more usual to provide an open system which uses the 
trunk infrastructure yet branches to suburbs at the beginning and end of the service.  This latter type 
of service which can operate the ‘single seat’ service is only possible with a single mode and is 
therefore restricted to the bus mode:  if the trunk has priority (through bus priority or dedicated 
infrastructure) , the service typically provides a journey time comparable to private car. Within 
Australia, the ‘O’ Bahn in Adelaide is a closed system but the BRT in Brisbane is an open system, 
collecting passengers from the suburbs before entering the BRT infrastructure. 

Linked to the decision as to whether there should be an open or closed system is the type of 
interchange.  Whilst interchange is not liked by passengers and is characterised as a ‘penalty’ by the 
literature, as discussed above in Section 3, interchange is a necessity as cities grow if all the diverse 
ODs are to be accessible. The key to making interchange as little of a penalty as possible is to design 
them to be where passengers need them, creating them to provide passenger needs.  This is a 
further decision:  should interchanges be large, involve some walking but provide services for 
passengers beyond transport (food, dry-cleaning and other every day services as in Madrid) or 
should they be distributed, suggesting to passengers for different destinations to change along the 
route so that interchange does not involve much walking.  In practice both are needed and should be 
determined by the context.  These are illustrated in Figures 5 and 6 below. 

 

 

 

 

 

 

 

 

 

 
Figure 5:  Madrid interchanges (Prinicpe Pio, Arguelles, Parque del Oeste and Aravaca) 
Source: Corinne Mulley  
 
 

 

 

Figure 6:  Distributed interchange 

In the context of network design and the evaluation of new infrastructure, it should be remembered 
that interchange, from a cost benefit point of view is not all ‘cost’ since interchange provides 

Change here for.. 

Change here for.. 

Change here for.. 
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physical activity which provides a counter balance to the growing obesity and cardiovascular disease 
caused by sedentary behaviour. 

Interchange in intermodal systems such as in Perth, can allow the best of each mode to be exploited. 
In this context, heavy rail is an excellent trunk carrier of people using little land use to deliver large 
numbers between popular ODs.  Interchange to bus from train allows more destinations to be 
served thus efficiently using the modes to advantage. 

Interchange can also release resources as shown in Figures 7 and 8 below.  In the Figure 7, the 
transport lines are long and the common section has a very high frequency.  By having an 
interchange all the final legs can have enhanced frequency with detriment to the whole system as 
shown in Figure 8. 

 

Figure 7:  A network without interchange 
Source: Public Transport – planning the networks.  Hitrans Best Practice Guide 2 

 

Figure 8:  A network with interchange at T 
Source: Public Transport – planning the networks.  Hitrans Best Practice Guide 2 

Working Paper 5: International Learning  Page | 12 
 



 
 
 

5.3 Micro principles of Network Design 
Fixed budgets forming a cap on subsidies are now more frequent than ever before.  From a network 
planning point of view, budget constraints require trade-offs between service attributes in planning 
networks.  Although there are no cited set of principles for planning public transport networks, from 
observation, common objectives include coverage, frequency, legibility and directness. These four 
categories of service attributes are shown in Table 2 below.  

Table 2: The principles of network planning from a customer perspective 
Coverage The spatial coverage of the origins and destinations covered by the network 

 
Frequency Frequency of service, often achieved by building services into corridors.  Frequent 

services reduce the wait time which is heavily weighted in total journey time 
(Abrantes and Wardman 2011). 
 

Legibility The ability of the network to be understood by users and potential users to 
maximise ‘many to many’ trip opportunities. Interchange creates a penality 
estimated as equivalent to 17 minutes in-vehicle time (Wardman 2001) although 
this maybe smaller when transfer is between high frequency services (Paulley et al. 
2006)  
 

Directness Direct services can reduce travel time. Directness can also impinge on network 
legibility. Straightening out routes offer savings of the order of 30% (Jansson 2003) 
although the costs and benefits of straightening out routes can impact different 
demographic groups (Ljungberg 2005) 

Source:  Daniels and Mulley 2012 

At the more micro level, these four attributes highlight the trade-offs that need to be made when 
budgets are constrained.  For example, a network of frequent and direct routes creates legibility and 
supports patronage growth but at the expense of network coverage (see Nielsen, et al. 2005). As 
direct routes tend to require more walking, a network plan with the objective of providing a safety 
net of service for those without access to a private car will tend to favour higher coverage at the 
expense of frequency and directness. In practice, these attributes suggest that the ready-made 
approach can be adapted more easily and more transparently to these budget constraints than the 
tailor made approach.   

These trade-offs need to be embodied, in the longer term, in guidelines to the planning of the 
network at the tactical level.  This needs to outline how the network strategy has developed a 
hierarchy of routes into a set of services for corridors and the extent to which transfer and 
interchange is intended. These guidelines also need to focus on how equity, both vertical and 
horizontal, are embedded in the network principles at this tactical level. Many cities provide this in 
the form of Service Planning guidelines, for example Transport for London 2015; Victorian Auditor-
General 2014; Public Transport Victoria 2012; ACT Government 2012, Pratt and Evans 2004, New 
York Metropolitan Transportation Authority 2015, New South Wales (NSW), TfNSW 2013.   

Equity as a concept has been more often associated with social justice and fairness and discussed 
from a philosophical perspective. In the transport sector, it is recognised that transport policy gives 
rise to winners and losers (Wells 2012 and Eriksson et al. 2008) and it is important that the strategic 
level plan provides a transparent approach to embed equity, given the discussion above in relation 

Working Paper 5: International Learning  Page | 13 
 



 
 
to the outcomes that can be delivered by different network strategies. Discussions of equity 
normally distinguish between horizontal and vertical equity. By definition, horizontal equity requires 
the equal treatment of like persons and the charging of the same fare for the same journey to all 
passengers is frequently assumed to provide horizontal equity. Vertical equity requires fairness in 
the distribution of wealth amongst different income groups and is often the motivation behind the 
implementation of new transport infrastructure, although the cost benefit evaluation procedure, 
being based on the Kaldor-Hicks criterion (De Scitovszky 1941), does not require that equity 
considerations are central to the decision (even if there are significant equity implications). How to 
address this problem has been the concern of transport policy for some time and is well articulated 
in Thomopoulos et al (2010) and is further discussed in Mulley et al (2015) using Sydney as a case 
study and Ricciardi et al (2015) for Perth. 

5.3.1 Concentration of services 
Resources should be concentrated into corridors to provide as high frequency services as possible 
for the given budget.  Long term planning needs to identify the corridors, the more operational 
aspects should identify how timetable co-ordination can be used to increase the frequency as the 
density increases towards the centre of the urban area. In an operational sense, frequencies need to 
be good if the public transport is to gain modal share from the private car.  However, there is no 
advantage from super high frequency as this provides vehicle upon vehicle congestion – it is better 
to start a new corridor or corridors as shown in Figure 9. 

 

Figure 9:  Growth by extending coverage 
Source: Public Transport – planning the networks.  Hitrans Best Practice Guide 2 

Simplicity also provides operational advantages with disturbances on one line not being transferred 
to other lines.  Concentrating resources will inevitably involve more walking but the combined walk 
and wait time is less affected by high frequency as shown in Figure 10 below. 
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Figure 10:  The impact of frequency on combined walk and wait time. 
Source: Public Transport – planning the networks.  Hitrans Best Practice Guide 2 

 
5.3.2  Interchange again 
When looking to expand public transport, as in ‘Perth and Peel 3.5 million’, it is easy to concentrate 
on where there are not direct connections between OD pairs.  Providing services or infrastructure to 
serve these OD pairs can be expensive and/or require resources to be taken from elsewhere in the 
system.  Avoiding interchange as a city grows is not an option if an efficient public transport system 
is to ensue.  It is better to concentrate on providing a good interchange experience than spread 
resources thinly which will end with only captive passengers. 

The general philosophy of the ready-made approach is that the system should be simple and easy to 
understand and for this the number of transport lines needs to be minimised.  In Perth where there 
are rail services forming the backbone of existing services and where new rail based infrastructure is 
proposed, it is essential that these trunk lines are attractive to provide the heaving carrying of the 
public transport system with interchange being used to provide a wide variety of ODs. 

It must however be recognised that, everything else being equal, travellers would not choose to 
interchange.  This means that it is important to spend resources ensuring that interchanges are 
effective.  Design of interchanges should minimise the cost of travellers by ensuring timetable co-
ordination, presenting route information accessibly and removing fare penalties.  The evidence from 
Europe where the ready-made approach to network planning is more apparent is that high levels of 
transfer are associated with high public transport modal shares: these come from exploiting the 
network effect. 

5.3.3 Handling low density environments 
The advice to promote a ready-made approach of network planning is to encourage modal switch 
from the private car to public transport.  Concentration of resources on corridors to release funds 
for higher frequency are all part of attracting choice travellers.  But inevitably, this ready-made 
approach will exclude some passengers from easy access to service and here more innovative 

Walking time

Walking and waiting time 
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approaches will be needed, particularly for older citizens who may have residences too far away 
from the high frequency corridors. 

In these cases there are options such as adapting the hub and spoke approach of airlines but this 
relies on good timekeeping.  The more realistic approach is to introduce Flexible Transport Services 
(FTS) or services provided on demand.  When provided as part of the public transport mix, the 
evidence is that these services can be cost effective at increasing accessibility (Mulley and Daniels 
2012).     

6. Questions and critical areas of decision for Perth 
In relation to Network Planning, this report highlights a number of questions that should be 
addressed in meeting the challenges of ‘Perth and Peel 3.5 million. 

6.1 Handling growth 
It is important to ensure that growth leads to multiple corridors of service rather than providing 
additional capacity on existing corridors. 

6.2 Interchange 
Efficient networks require interchange.  Interchange is a frame of mind and good interchanges can 
deliver patronage growth (as for example in Madrid).  Ignoring that interchange is necessary as a city 
grows will lead to a lack of attention to make the interchange experience as good as possible and 
lead to a public transport system used by captive travellers only. 

6.3 Density 
As identified in the introduction, density is important for the sustainability of new public transport 
investments because it provides a bigger pool of people from which to find patronage.  Perth, in its 
current land use form, is very low density.  To provide new infrastructure will require a concerted 
effort between land use and transport planners to increase density around new stops and stations if 
these are in any way to reach potential. 

6.4 Economic aspects 
The fare system provides the framework in which individuals decide how to travel.  People normally 
decide how to travel with regard to generalised cost (a combination of fares and time). Cheap fares 
encourage urban sprawl as individuals travel further for more land for living.  A sensible fare system 
is an important part of the transport policy framework. 

Equally, public transport systems normally require the support of soft policies to encourage use.  
After the backbone of the system is decided, attention needs to be given to these soft policies 
including parking policy and road use policy.  For commuters, soft policies involving travel plans can 
be extraordinarily useful in changing behaviour. 

6.5 Built Environment effects 
There is a considerable literature identifying the connections between the built environment and 
public transport usage.  This has not been addressed in this report which has had a focus on network 
planning but is an area that, as Perth grows, must be seriously considered by transport planners and 
land use planners alike. 
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7. Limitations 
This report has addressed only network planning issues, providing learnings from international 
contexts synthesised for use in the development of a public transport plan to address ‘Perth and 
Peel 3.5 million’.  There are many aspects that are therefore not considered with perhaps the most 
important being the very strong connections between land use and transport planning that need to 
be exploited if the outcome is to be successful.  Planning the built environment to be favourable to 
public transport use will provide more than a successful transport system, it can also provide a 
reversal of the most serious public health disease of this century, that of obesity.  The growth of 
Perth and Peel into the future provides an opportunity to create a city in which the citizens are 
incentivised to become choice public transport users within a sustainable and liveable city. 
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EXECUTIVE SUMMARY 

 
This working paper outlines an assessment framework as a preliminary evaluation tool for 
the options envisaged for “Perth and Peel @3.5 million and beyond”. 
 
The framework includes six objectives and four risks. The objectives are aligned with the 
Guiding Principles for the overarching study and the risks are broadly grouped in two 
categories: technical and social/political. 
 
The assessment is not meant to rank or prioritise any alternative. It is envisaged that an 
economic cost and benefit evaluation will be undertaken at a later stage for identified 
investment projects, e.g., railway lines, links or stations. In its current form, the Assessment 
Framework is a draft proposal of the evaluative criterion that are to be used and the process 
that would be undertaken. 
 

1 Introduction 

1.1 Purpose 

The Mass Rapid Transit (MRT) study aims to advise on the options for Perth and Peel’s 
primary mass transit network to cater for population growth to 3.5 million and beyond. 
Options are to be evaluated and compared using economic, environmental and social 
criteria. 

 
This report outlines the Assessment Framework as a preliminary evaluation tool. An 
assessment fully describes each option in terms of a number of evaluative criteria in which 
the aim is to inform decision makers on: 

1. The capacity of network option to meet anticipated demand. 
2.  The alignment between the network and the guiding principles as outlined “MRT 

Network Options for Perth and Peel @ 3.5 million and beyond1” (Affleck, 2015). The 
principles identify a coherent approach to integrating strategic planning directions 
and the development of the MRT options as well as limiting the interference on the 
freight function for the region.  

3. A qualitative description of the investment in terms of the associated construction, 
operational and governance risks. 

 

1.2 Background 

The focus of MRT Network Options is on the infrastructure needed to provide for the day-to-
day mobility of 3.5 million residents, in particular for those who choose to travel to work 
and education by mass rapid transit. It is these travellers who will continue to create the 

1 The purpose of brevity, the main project report (Affleck, 2015) will be referred to as MRT Network Options without 
further citation from here on in.  
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peaks in daily travel public transport and therefore determine the network capacity 
required. 
 
Development of a primary public transport network for a population of 3.5 million will be 
based on the high level objectives of Perth and Peel @ 3.5 Million and Beyond, noting the 
stated need to encourage infill development close to employment centres. The nine 
Strategic Metropolitan Centres (SMCs) in the strategic planning document will be the only 
SMCs considered in the long-term plan. 

 

1.2.1 Primary objective of overarching study  

The MRT Network Options principally aims to identify: 
 
a. Where it will be necessary to augment the peak daily capacity of the present Mass 

Rapid Transit (MRT) network to provide comfortable, safe and reliable services for all 
wishing to use the system when the population of Perth and Peel reaches 3.5 million, 
and beyond. 

In order to recommend the level and location of MRT infrastructure, the research will 
provide an estimate of the levels of demand for a population at 3.5 million  

b. With the 3.5 million starting point, it is necessary to estimate the fraction of the 
population which will be in the workforce, and where they will choose to live and 
work. Peak daily travel demand will also include travel for non-work purposes – 
education, shopping and personal business.  

Whilst demand and capacity levels were at the fore, the study raised a number of other 
considerations. The following sub-section outlines the guiding principles used to identify 
appropriate levels and locations of future MRT infrastructure.  

 

1.2.2 Guiding Principles from the overarching study  

a) The primary aim of the Mass Rapid Transit network is to serve growth corridors and 
link designated strategic Activity Centres. The predominantly ‘heavy rail’ MRT 
network should be supplemented by road based LRT (light rail), bus rapid transit 
(BRT) and bus priority services, where they will strengthen the demand based MRT 
network. 

b) New radial links should be provided where they will ensure the future capacity of the 
MRT network will be sufficient to accommodate forecast patronage of 3.5 million 
and in the years ‘beyond’. 

c) New orbital links should be provided where warranted by providing connections 
between Activity Centres and the radial network and to enhance radial network 
capacity where necessary. 

d) New radial and orbital links should be provided where necessary to enhance network 
operating robustness. 

e) Links to provide for entry to and distribution within the Perth central area should 
aim to protect the efficient operation of ‘through-routing’ services. In the ‘beyond 
3.5 million’ years this will require a CBD ‘metro style’ distribution system separate 
from the main-line MRT network, using transit technology designed for its purpose.  
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f) Where practicable, additional MRT links should be placed in controlled access 
highway corridors, provided they will not impact on the efficiency of road or rail 
interchanges, and otherwise be placed in tunnels.  

g) The MRT network should avoid using any part of controlled access highway 
corridors, which are prescribed for strategic freight transport (a present the Roe, 
Tonkin, and Leach Highways and Stock Road).  

 

1.3 Structure of the working paper 

In the following section (Section 2) the guiding principles are translated into evaluative 
criteria. This is followed by a positioning of the Assessment Framework into the current 
National Guidelines for Transport Systems Management (NGTSM) and in particular the 
appraisal guidelines (Section 3). The Assessment Framework is presented in Section 4 as a 
table of objectives and risks, as well as associated evaluative metrics. Section 5 concludes 
the report.   
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2 Objectives and Risks 

For the purposes of assessment, the guidelines above are incorporated into evaluative 
criteria that a broadly classified into objectives – being the capacity of the network option to 
align with the guiding principles – and risks – being the complexity arising from construction, 
project delivery, legal frameworks and political acceptance. In October 2015, an academic 
workshop identified a strong public transport function for the core of the city, as well as 
considering the notions of transport equity to be added to the list of objectives. Throughout 
the development of the MRT Network Options a number of core team meetings raised the 
issue of easier (cheaper) and more difficult (higher cost) alignments, and whilst no costing 
will be undertaking, four additional risks, that may impact on the cost of delivery, are 
included in the framework.  
 

2.1 Objectives 

Obj 1. Meet forecasted demand for the integrated public transport network 
(reflected in principles a&b).  

Obj 2. Alignment with current strategic land use planning documents: Directions 
2031 and beyond and Perth and Peel @3.5 million (reflected in principles a&c).  

Obj 3. Resilience of the network is enhanced by providing viable alternative routes 
to circumvent a disruption (reflected in principle d). 

Obj 4. Provide attractive access points to and distribution within major activity 
centres; such as the CBD (reflected in principle e). 
 

In addition to the guiding principles the PATREC academic workshop (October 2015) 
identified the following objectives: 

Obj 5. Social inclusion and equity be considered when assessing alternatives.  
Obj 6. The network will strengthen a public transport orientated inner core that 

exhibited the principles of frequency and connectivity as outlined in HiTrans®  
(Nielsen et al., 2005).  

 
Note that principle g., avoid interfering with major freight routes, is a constraint. 
 

2.2 Risks 

The risks are classified under technical and social/political: 
Risk 1. Engineering Complexity (technical) as judged by an expert in the field 

(reflected in principle f). 
Risk 2. Complexity of Project Delivery (technical) measured by the number of 

unique functions (i.e., specialised contractors) that need to be performed, including 
the level of disruption during the construction phase (reflected in principle f). 

Risk 3. Legal and planning issues (social/political) that may arise from the need to 
reclaim land, require changes to laws or planning codes to be passed or other 
related issues. 

Risk 4. Public acceptability including environmental concerns (social/political)  
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The evaluative criteria differ from typical benefits and costs that may enter an economic 
appraisal of infrastructure (e.g., travel time savings, reduction in emissions or safety 
improvements) because of the long planning horizon and strategic nature of the 
assessment. However, it is unlikely that a full economic appraisal would not be undertaken 
at the appropriate time, before committing to a particular line, link, or station. The 
Assessment Framework provides a mechanism to fully describe the results given in MRT 
Network Options by considering their strategic value, as a result the evaluation is mostly 
qualitative.  
 
A basis for comparison should be the “do nothing” option, in which case each objective will 
be discussed for both the MRT Network Options and the status quo. The purpose of the next 
section is to position the qualitative or high-level Assessment Framework within an appraisal 
structure that plots a path from strategic evaluation to detailed cost/benefit analysis.     
  

Working Paper 6: Option Generation and Assessment Framework Page| 7 
 
 



3 Adopting the Strategic Merit TEST  

 
The National Guideline for Transport System Management (NGTSM; Transport and 
Infrastructure Council, 2015) presents a framework to be applied to transport infrastructure 
appraisal and selection. Whilst the current exercise has a far longer planning horizon than 
anticipated under the guidelines, it is nether-the-less worthwhile positioning the 
Assessment Framework within the National Guideline.  
The NGTSM recommends a screening process for transport projects. At the first stage a 
strategic merit test (SMT) is applied. For projects deemed to have passed the SMT, a rapid 
appraisal may be undertaken. Rapid appraisals are a form of cost benefit analysis (CBA) 
whereby a lesser effort is made to cost the project or to forecast the demand. Finally, a full 
business case is developed by completing a CBA with accurate costings and forecasts. Figure 
1 below is taken from the NGTSM. The figure illustrates competing projects that pass 
through a number of filters with the expectation that only the better projects are eventually 
funded. Whilst it is not reasonable to consider a strategic network plan to be ‘one of many’ 
proposed initiatives, it should be noted that at some stage an investment decision will be 
made on each individual project that form part of the network. A preliminary assessment of 
a proposed network should be subjected to some form of strategic merit test that makes a 
case for the network to meet the needs of Perth @ 3.5 million.   
 

 
Figure 1: Sequence of Appraisal Steps towards a Final Investment Decision 

Source: Transport and Infrastructure Council (2015, p.11), “Figure 4: Moving from a long list to a preferred 
option” 
 
  

Working Paper 6: Option Generation and Assessment Framework Page| 8 
 
 



3.1 Application of a Strategic Merit Test for MRT Network Options 

The Strategic Merit Test is an initial screen to identify the link between the expected 
outcomes of a project and the transport objectives, targets or KPI’s. Strategic Merit Tests 
(SMT) make use of an objective impact table to identify which objectives are relevant as well 
as a performance measure against each objective. The assessment may be a simple 
statement of whether an objective is enhanced by the implementation of the alternative (an 
indication of relevance) or it may be based a multi-criteria analysis (MCA) decision model. 
However, no matter how complex the decision model is, the inputs are largely subjective.  
 
Adapting a SMT to the evaluation of the future network options is sensible because at this 
initial stage the project is not costing specific projects nor is level of demand known with 
any great certainty.  MRT Network Options provides an overall network with possible radial, 
orbital and underground components. The proposed network solution is not a set of 
competing alternatives and, therefore, it makes little sense to conduct any form of multi-
criteria analyses. As such, this report will provide criteria to be used for a SMT, as well as the 
quantitative assessments and qualitative responses that should be undertaken.  
 
The results from the current round of discussions should identify some alternative 
alignments that may enter a second stage rapid appraisal. At that time, a rapid appraisal 
CBA makes use of figures that are of a rough order of magnitude. Whilst economic appraisal 
of the network options will be essential, is outside the scope of the initial strategic 
assessment.  

 

4 The Assessment Framework 

The Assessment Framework in Table 1 outlines the prescribed undertakings for describing 
the network options along the evaluative dimensions (objectives and risks). Objective 1 is 
the only criterion that draws on the demand estimates. The measure relies on a comparison 
between the sketch modelling result (Piggot and Patterson, 2015) and the technical capacity 
of the transport lines. The other objectives (2 to 6) rely largely on a subjective assessment 
the degree in which the objectives are met. The core team at PATREC is in a position to 
provide these assessments. The possible exception is for Objective 2 – whereby the 
Department of Planning (as custodians of the strategic planning documents) may wish to 
provide their own assessment on the alignment between MRT Network Options and the 
planning vision.  
 
The risks are technical and social/political, indicating that a different skill set may be 
required to provide the evaluation. It would seem appropriate that the evaluation of the 
technical draws on expertise from within the Public Transport Authority (PTA) or be 
provided by an external expert. The social/political risks may well sit with the Department of 
Planning (DoP) to provide expert opinion on legal and planning frameworks, as well as the 
issue of public acceptance.   
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TABLE 1: Assessment Framework for MRT Network Options 

Policy Objectives Source Description Measurement tool Responsibility 
OBJECTIVE 1 Meet forecasted demand 
Meet anticipated 
levels of demand for 
desire lines 

Steering 
Committee 

Locations of stress on the network are 
identified  

Comparison between forecasted 
demand and network capacity: 
details of calculations are provided 
in WP 3, Sketch Planning Model 
(Piggott and Patterson, 2015) and 
WP 5, Sensitivity Analysis (Olaru et 
al., 2015) 

PATREC: Sketch 
planning and 
sensitivity analysis 

Appropriate mass 
transit options 

PATREC The level of forecasted demand will aid 
decisions on the appropriate mode 
(heavy rail, light rail or bus rapid 
transit)  

Comparison between forecasted 
demand and network capacity 

PATREC: Sketch 
planning and 
sensitivity analysis 

Part of an integrated 
solution 

Steering 
Committee  

The network is connected with the road 
network and potential bus express 
routes 

Qualitative inspection or STEM 
based accessibility analysis  
 

PATREC (potential 
for STEM input) 

OBJECTIVE 2 Alignment with Strategic Planning 
Aligns with Perth and 
Peel @3.5M Strategic 
Plan 

Steering 
Committee 

An assessment of the potential to 
shape urban form  

The level in which the network 
supports activity centres as 
identified in the Perth & Peel@3.5M 
and Directions 2031  

Department of 
Planning / PATREC 

a. Strategic 
Metropolitan Centre 
(SMC) network  

 Does the network cater for and 
promote population growth in SMC’s? 
Does the network support the spatial 
configuration of the SMCs?  

Qualitative inspection of the 
network 

Department of 
Planning / PATREC 

Working Paper 6: Option Generation and Assessment Framework Page| 10 
 
 



b. Centralised Urban 
Consolidation network  

 Does the network promote higher 
density development in the Central 
Metropolitan Zone?  

Qualitative inspection of the 
network 

Department of 
Planning / PATREC 

OBJECTIVE 3 Resilience of the Network is Enhanced 
Redundancy Steering 

Committee 
The resilience of the network is 
measured by redundancy (being the 
presence of a reasonable second public 
transport option)  

Quantitative: Identified origin and 
destination pair travel times are 
estimated with and without a link in 
the network or reliability analysis 
Qualitative: Identify the number of 
routes that do not have a good 
alternative  

PATREC 

OBJECTIVE 4 Provide attractive access points to and distribution within major activity centres 
Level of micro 
accessibility at the 
activity centre 
designations 

Steering 
Committee  

The network includes stations that 
improve accessibility within the activity 
centres. 
Any new rail station in Perth should 
complement existing station locations  

Qualitative assessment of nodes 
supporting the local urban form at 
activity centres 

PATREC 

OBJECTIVE 5 The Network Improves social inclusion and is equitable 
Equity Steering 

Committee 
Improves connectivity of currently 
poorly serviced areas 

Overlay on SNAMUTS 2014 maps, 
routes that improve access to 
SNAMUTS blackspots in low income 
areas are rated higher on this 
criterion 

PATREC  

OBJECTIVE 6 strengthen a public transport orientated inner core consistent with HiTrans® principles 
Public Transport inner 
core 

Academic 
workshop 

The network forms the skeleton for a 
highly connected network such that 
public transport is a dominating mode 
in the inner suburbs.  

The network provides key nodes 
that support the potential for a 
highly connected inner core PT 
network 

PATREC (Academic 
Workshop)  
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Consistency with 
HiTrans Principles 
(Neilsen et al., 2015) 

Corinne 
Mulley 

Network rather than corridor planning. 
Whilst this is largely covered by the 
criteria above, it  is worthwhile asking 
Professor Mulley to comment on each 
alternative in terms of is overall 
adherence to the HiTrans principles 

Expert Opinion and Comment PATREC (CM) 

Risk  Source Description Measurement tool Responsibility 
TECHNICAL         
Risk 1  
Engineering 
Complexity 

 
Core Team 

 
Difficult or new, unproven design and/or 
techniques. Also consider surrounding 
environment 

 
Expert Opinion 

 
PATREC/ PTA or 
external consultant 

Risk 2 
Complexity of delivery 
(risk) 

 
Core Team 

 
Many modes, contractors, stakeholders etc. 
involved. Complexity of interface and third 
party involvement  

 
Expert Opinion 

 
PATREC/ PTA or 
external consultant 

SOCIAL POLITICAL         
Risk 3 
Legal and Planning 
Issues 

 
Core Team 

 
Legal and planning issues that arise from the 
need for new laws to be passed, reclaiming of 
privately held land, rezoning or other 
planning approval or powers  

 
Assessment from appropriate 
bureaucracy  

 
Department of 
Planning 

Risk 4 
Public acceptability 
including 
environmental 
concerns 

 
Core Team 

 
Any part of the project will raise some 
concern from within the public or am interest 
group; may include - but not limited to - 
environmental concerns. 

 
Expert Opinion 

 
PATREC 
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5 Conclusion 

The Assessment Framework is a draft proposal outlining the evaluative criteria and 
evaluation process for assessing the results given in MRT Network Options. The basis for 
assessment is a comparison to the “do nothing” option.  
 
The guiding principles were translated into objectives for evaluative purposes along with an 
outline of the procedure for undertaking the assessment. In addition, an academic 
workshop held in October 2015 highlighted the need to focus on a MRT system that 
supported strengthening the public transport function in the inner centres, as well as to be 
mindful of providing an adequate level public transport for all (equity). The core PATREC 
team noted that the ‘costs’ should also be considered – acknowledging that detailed costing 
would not be undertaken until a much later stage.  
 
Hence the Assessment Framework identifies two technical and two social and 
social/political risks that may impact on the cost of building the infrastructure.  
 
The benefit of taking a whole network approach – at this early stage - is that when the time 
comes each component of infrastructure can be evaluated within a system of current and 
anticipated MRT routes and links. 
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1. Perth Urban Rail System 
Perth’s urban metro rail system has been mostly developed on available rail and freeway 

reservations. It comprises a coastal north/south rapid transit railway and three suburban lines 

to the centres of Midland, Fremantle and Armadale. All lines interconnect at the major station in 

Perth. 

A network serving a metropolitan population of 3.5 million will require additional routes (with 

probable priority in the north-east quadrant) and, obviously, more train services. Such new 

routes will have to be mainly located within fully urbanised areas. This will require heavy 

engineering comprising 

o Twin-bore tunnelling; or 

o Cut and cover construction below street level; or 

o Property resumption for surface rights-of-way; or 

o Use, in some circumstances, of underutilised Crown land; or 

o Combinations of some or all of the above, having regard to economics, road patterns, 

community disruption, interchange needs, junction efficiency and environmental 

considerations. 

Securing these rights-of-way will be challenging, requiring a high level of detailed planning and 

investigation, and substantial investment. It is predicted however that there will be continuing 

pressures arising from population growth, increasing road congestion and carbon pollution-

reduction commitments to provide comprehensive and efficient public transport which can 

compete with the private car. That means rapid transit wherever feasible. 

The impact on rail infrastructure in Perth City will be twofold, namely 

o A need for expanded facilities to receive, platform and depart more trains; and 

o A need to better distribute and collect passengers in a more densely populated city. 

 

2. Perth City Rail Operations 
Long experience has shown that, to the extent possible, trains should not be terminated in the 

centre of cities but should run through cities (with minimal stopping times), reversing at the 

outer terminating points. Hence we see that trains on Perth’s recently-built rapid transit lines 

are designed to stop only briefly in the city and reverse at the outer terminals of Mandurah and 

Butler. Similarly, trains on the Fremantle and Midland lines run through the city with only a 

brief stop to discharge and board passengers. 

However the Armadale and Thornlie rail services do terminate and reverse at Perth station, as 

there are no other services with which they could be paired. This has been accepted because 

there is currently sufficient track and platform capacity available at Perth station. 

Terminating and turning back trains in cities remains one of the major operating constraints to 

city rail services because of the additional track and platform capacity required, and consequent 

service time losses, in a spatially constrained environment. This issue has been one of the 

motivating reasons for the Sydney and Melbourne rail loops. 
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In Perth, train termination will be a major issue, with the number of services approaching Perth 

station from the east to increase in number due to the Forrestfield line and the probable 

addition of two new lines from the north east.1  For 3.5 m population, the number of services on 

the existing lines will also increase. Expansion of Perth station is constrained laterally on the 

surface and longitudinally by the redevelopment west of the station. Expansion underground is 

also constrained by the northern suburbs tunnels. 

The issue here is whether it is feasible to construct an underground rail loop in Perth, so 

avoiding massive capacity investments at Perth station (with the consequent operating 

inefficiencies), while at the same time providing a better passenger distribution and collection 

system for the heart of the more densely-populated city expected. 

There are two physical challenges to loop design, namely: 

o The city south of the railway is long and narrow in shape; and 

o The West Perth area is an elevated plain about thirty metres higher than the central 

area. 

Within the limitations of this study, a preliminary rail loop route has been identified, indicating 

that such a loop is probably feasible within the technical boundaries of curvature and gradient 

(see the example solution shown on the attached plan). The loop alignment would have to be 

proven in geometric and geotechnical detail before it could be accepted as viable.2  It appears 

that new stations at East Perth, West Perth, the Concert Hall and Esplanade Station would be 

feasible, providing a significantly improved service to the expanding city. 

The concept provides for twin bore tunnels to route the incoming trains from the north-east and 

south-east around the loop (Midland-Fremantle trains would continue to run through as at 

present). A high–frequency city shuttle should also operate around the loop3. Initially, one-way 

operation around the loop should be adopted to avoid the complexity, cost and risks of bi-

directional operation. With the narrow city configuration, the passenger inconvenience of one-

way operation should be tolerable. 

 

3. Recommendation 
It is recommended that a more detailed investigation and preliminary design be implemented to 

ensure feasibility4 and for use as a guide to route protection and any future work, should this 

concept be adopted. 

 
 
 
Notes 
1. Probable new lines  

o from Mt Lawley to Mirrabooka and northwards; and 

o from Bayswater via Morley to Noranda, Kiara and Caversham. 

2. Applicable gradients for electric traction 

3. Moore St level crossing will be closed and Claisebrook Railcar depot relocated. 

4. Loop entry to Perth station from the west to be examined in detail and a solution defined. Vital to 

feasibility of the loop proposal. 
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