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Disclaimer and limitations
Inherent limitations
This report has been prepared as outlined in the Scope Section. The services provided in connection with this
engagement comprise an advisory engagement, which is not subject to assurance or other standards issued by the
Australian Auditing and Assurance Standards Board and, consequently no opinions or conclusions intended to convey
assurance have been expressed.
KPMG does not make any representation or warranty as to the accuracy, completeness, reasonableness, or reliability of
the information included (whether directly or by reference) in the report, statements, representations and documentation
provided by Infrastructure Victoria’s management and stakeholders consulted as part of the process, and/or the
achievement or reasonableness of any plans, projections, forecasts, management targets, prospects or returns described
(whether express or implied) in the report. There will usually be differences between forecast or projected and actual
results, because events and circumstances frequently do not occur as expected or predicted and those differences may
be material. Additionally, KPMG does not make any confirmation or assessment of the commercial merits, technical
feasibility or compliance with any applicable legislation or regulation of the transport policy reforms described in this
report.
KPMG have indicated within this report the sources of the information provided. We have not sought to independently
verify those sources unless otherwise noted within the report.
KPMG is under no obligation in any circumstance to update this report, in either oral or written form, for events occurring
after the report has been issued in final form.
The findings in this report have been formed on the above basis.

Third party reliance
This report is solely for the purpose set out in the Scope Section and for the information of Infrastructure Victoria, and is
not to be used for any other purpose or distributed to any other party without KPMG’s prior written consent.
This report has been prepared at the request of Infrastructure Victoria in accordance with the terms of KPMG’s contract
with Infrastructure Victoria dated 10 April 2017. Other than our responsibility to Infrastructure Victoria, neither KPMG nor
any member or employee of KPMG undertakes responsibility arising in any way from reliance placed by a third party on
this report. Any reliance placed is that party’s sole responsibility.

Distribution
This KPMG report was produced solely for the use and benefit of Infrastructure Victoria and cannot be relied on or
distributed, in whole or in part, in any format by any other party. The report is dated 8 December 2017, and KPMG accepts
no liability for and has not undertaken work in respect of any event subsequent to that date which may affect this report.
Any redistribution of this report requires the prior written approval of KPMG and in any event is to be a complete and
unaltered version of this report and accompanied only by such other materials as KPMG may agree.
Responsibility for the security of any electronic distribution of this report remains the responsibility of Infrastructure
Victoria and KPMG accepts no liability if the report is or has been altered in any way by any person.
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Summary
Report purpose
Infrastructure Victoria’s Managing Transport Demand research program is seeking to broaden
the Victorian community’s collective understanding of transport demand across Melbourne. To
support the program, KPMG / Arup were commissioned by Infrastructure Victoria (IV) to
prepare a technical report summarising transport activity patterns across the city, both now and
in the future. The analysis will inform future assessment of opportunities to better manage
transport demand.
This report provides key results for changes in demand and network performance between
now (2015) and the future (2031). The analysis is based on statistics drawn from the Melbourne
Activity-Based Model (MABM) that relate to an average, non-school holiday period weekday.
Additionally, modelling and analysis results are focused on changes to the road network
surrounding the morning peak period due to the fact that this work program is investigating
opportunities to shift car trips to different times or modes. This represents the time of day
where the road network typically experiences the most intense demand. The work attempts to
analyse distributional impacts of transport demand by profiling the users of Melbourne’s key
freeways and toll roads.

This report
KPMG and Arup provided a range of services for IV using the MABM. This report focusses on
assessing Melbourne’s transport network, now and in the future using the MABM. Specifically,
the agreed scope of services included:

•

Analyse the MABM results for the Base Case (2015) and future (2031), in line with the
validated base year and forecast year in the State Government’s four-step transport model;
and

•

Provide a summary of the transport network activity now and in the future, including MABM
simulation videos, focused on the road network.

The following items were excluded from KPMG and Arup’s scope as they were not in the
existing validation criteria for MABM:

•

Freight; and

•

Active transport.

The MABM is a strategic tool that best represents strategic level demands and patterns (for
example across screenlines / cordons or along corridors). It was developed to provide an
additional tool for IV and the Victorian Government to test the impacts of transport policy and
infrastructure proposals on the behaviour of transport system users. In particular, the MABM is
especially suited to addressing issues such as:

•

Understanding the transport’s ‘customers’ and their needs and preferences;
1
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•

Understanding how customers with different socio-economic and demographic
characteristics - such as income, household composition and age – respond to changes in
transport policy or new infrastructure; and

•

Understanding how fair and equitable a transport policy or investment is, which groups are
the winners and losers and to what extent they are impacted.

A high level overview of the motivation and features of the MABM is available in the KPMG and
Arup MABM Fact Sheet.
Certain outputs from MABM need to be treated with caution and interpreted in the context of
the model’s strengths and weaknesses, as well as the inherent assumptions contained in the
inputs, namely:

•

The MABM is new and in the early stages of development: While it is considered that the
model is fit for purpose at a strategic level, further development and testing is required to
increase confidence in the application of the MABM in the local context to further understand
the model’s dynamics, strengths and limitations.

•

Land use forecasts: These inputs affect the modelled trips and destinations to which people
travel. If the timing or intensity of demographic growth changes from those forecast, then
travel behaviour will likely be different to that modelled.

•

Future road and public transport networks: Assumptions around the timing of road and
public transport projects affects the model results. A range of public transport and road
network improvements are included in this assessment, as noted above.

•

Future travel behaviour and technology: In the 2031 model, people are assumed to make
travel decisions in a similar manner to now. Given the anticipated technology change through
autonomous vehicles and ride-sharing, there is particular uncertainty around how new
technology might function and how travellers might actually respond.

A detailed explanation of the MABM limitations is available in the KPMG and Arup Model
Calibration and Validation Final Report, dated 8 December 2017.
The analysis undertaken in this report for 2031 is not a ‘do nothing’ scenario (refer to Table 1
and Table 2), rather a number of proposed transport network upgrades have been included. The
transport networks were defined using the Department of Economic Development, Jobs,
Transport and Resources’ (DEDJTR) Reference Case, which incorporates an assumed level of
transport infrastructure investment as agreed across the transport portfolio. Modifications to
the Reference Case were made based on IV’s recommendations in their 30-year strategy.
No significant policy recommendations are included in the Base Case.
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Table 1: Road infrastructure upgrades between 2015 and 2031

2031 Road Infrastructure Upgrades
Outer Metropolitan Ring Road (Eastern Section)

CityLink Tulla Widening

North East Link

M80 Ring Road Upgrades

West Gate Tunnel

Monash Freeway Upgrades

Mordialloc Bypass

Calder Freeway Upgrades

Level Crossing Removals

Westall Road Extension

Numerous upgrades to existing arterial roads and new connections in growth areas
Note: In the Reference Case, Outer Metropolitan Ring Road (in its entirety) and North East Link are
introduced to the road network between 2031 and 2046. It was agreed with IV to introduce North East
Link and Outer Metropolitan Ring Road (eastern section only) in 2031.

Table 2: Public transport infrastructure upgrades between 2015 and 2031

2031 Public Transport Infrastructure Upgrades
Melbourne Metro Rail Tunnel

Hurstbridge Duplications

Cranbourne Pakenham Line Upgrade

Mernda Extension

Cranbourne Duplication

Upfield Link

Melton Duplication and Electrification

Sunshine to Deer Park Quadruplication

Numerous enhancements to growth area bus service coverage and frequencies

Key findings
Background
Over the next 15 years, the population of Greater Melbourne is estimated to grow from
4.5 million people in 2015 to almost six million people by 2031. An additional 400,000 workers
are expected by 2031, increasing the number of daily trips to work within Greater Melbourne by
25% to almost two million. However, this growth is not predicted to be evenly distributed
across Melbourne, with the existing growth corridors in Melbourne’s outer south-east, north
and west, as well as inner Melbourne, expected to contribute approximately two-thirds of the
population increase. Over three-quarters of the projected increase in employment is forecast to
occur in the inner and middle regions (refer Figure 1) of Melbourne.
Similarly, traffic growth will not be experienced uniformly across all regions of Melbourne. To
facilitate a comparison of transport network performance at a sub-regional level, Greater
Melbourne was sub-divided into 11 sub-regions for reporting purposes. These regions have
been further grouped into inner, middle and outer bands, as shown in Figure 1.
3
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Figure 1: Sub-regions of Greater Melbourne as defined in this report

Some trips will take longer and be less reliable
Between now and 2031, daily private vehicle kilometres travelled are forecast to increase by
26.5%, with lower modelled speeds along key corridors.
During the morning peak period, delay on arterial roads is forecast to increase from 0.96
min/km in 2015 to 1.06 min/km in 2031. Freeways are expected to perform slightly worse, with
a 12.5% increase in delay. Overall, the entire road network is forecast to experience an 8.8%
increase in delay between 2015 and 2031. This means that on average, for a 10km journey, an
individual is forecast to experience approximately 40 seconds more delay in 2031 compared to
in 2015.
A level of 70% capacity is used as a benchmark for when traffic flow and speeds start to be
significantly impacted by congestion effects. Figure 2 shows that the outer regions of
Melbourne are forecast to experience the greatest increase in private vehicle hours travelled on
roads at or above 70% capacity during the morning peak period. The inner regions are forecast
to experience a 24.3% increase in private vehicle hours, followed by the middle regions with a
19.9% increase.
Figure 2: Hours travelled on roads at or above 70% capacity during the morning peak period
Hours travelled
0

90,000

180,000
Middle
19.9% increase

Outer
36.2% increase
2015

Inner
24.3% increase

2031

Source: MABM
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The modelling also highlights that strategic corridors across Melbourne’s road network will
exhibit slower travel speeds during critical times of the day (e.g. the morning peak period) as
they reach capacity, particularly within the Mid Eastern region. By 2031, freeways and arterial
roads are anticipated to experience a 7.3% and 2.9% respective reduction in average speeds
during the morning peak.
Figure 3 shows the average modelled morning peak travel speeds for each region group, with
Table 3 and Table 4 summarising the associated increase in lane kilometres and public transport
service kilometres between the 2015 and 2031 road and public transport networks. For the
inner regions, average speeds across freeways fall by 7 km/h during the morning peak period,
despite an additional 53 lane kilometres of freeway standard roads. This means that along
freeways in inner regions a 10km journey is forecast to take an extra 2 minutes and 30 seconds
in 2031.
Figure 3: Average speed by road type during the morning peak
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Source: MABM
Table 3: Increase in lane kilometres between the 2015 and 2031 road networks

Region

Freeway

Arterial

Local

Inner

15.6% (53 km)

0.6% (8 km)

0.8% (9 km)

Middle

23.2% (202 km)

4.5% (145 km)

0.7% (19 km)

Outer

24.0% (304 km)

31.6% (1,002 km)

6.1% (308 km)

Table 4: Increase in public transport service kilometres between the 2015 and 2031 networks

Mode

2015

2031

Difference

Train

72,009

99,187

38% (+27,178 km)

V/Line

34,121

42,514

25% (+8,393 km)

Tram

74,112

86,838

17% (+12,726 km)

Bus

331,991

501,399

51% (+169,408 km)

Source: MABM
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Modelling shows that freeway speeds in the middle regions remain stable – this suggests that
large scale road projects are able to support forecast increases in travel demand. Small
reductions in average speeds are predicted for the arterial and local road network in the middle
regions.
High levels of investment in the outer regions through the Outer Suburban Arterial Roads
program maintains the average speed of arterial and local roads between 2015 and 2031. Even
with a 24% increase in lane kilometres at a freeway standard, modelling highlights that freeway
speeds in the outer regions decrease by roughly 4 km/h during the morning peak period.
Patterns of changing travel behaviour can be seen across all regions in 2031. Figure 4 illustrates
that both the morning and evening peak periods will experience longer durations (indicated with
red bars) of peak conditions. Figure 4 shows that peak widening also worsens with distance
from Melbourne’s city centre – in the outer regions, the morning peak is forecast to begin
almost half an hour earlier by 2031.
Figure 4: Modelled peak spreading across regions of Melbourne 1

Source: MABM

Understanding who is affected by changing travel demand
We undertook a detailed analysis to understand which user groups are most affected by
changing travel demand and how this is expected to evolve to 2031. The use of the MABM
enables this rich, disaggregate analysis.

For reporting purposes, the morning and evening peak periods are defined from 7am to 9am and 3pm to
6pm respectively. For 2015, these times approximately correspond to points where hourly traffic volumes
exceed the 80th percentile hourly volume for the day. By using these volumes as a benchmark, a
comparison can be made with 2031 modelled volumes to determine where the vehicle hours travelled for
2031 exceed 2015 levels.
1
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Unsurprisingly, the model demonstrates that work trips are the most affected by delay in 2015.
However, non-work trips are projected to experience the greatest increases in delay to 2031,
narrowing the gap with work trips. Similarly, orbital trips (around the city) are projected to have
greater increases in delay than radial trips (in and out of the city). As peak conditions expand to
affect a wider time period, a greater number and broader variety of trips are projected to be
impacted.
Analysis shows that up to 15% of freeway users in 2015 have trip purposes that relate to
social, shopping and recreational / leisure purposes during the morning peak between 7am and
9am. This proportion is projected to increase to around 20% on some freeways by 2031.
Incentivising these trips to shift to shoulder and off peak times could be the target of demand
management policies in the future.
Households in the Northern and Western regions are the worst affected by delay in 2015,
however delays remain relatively steady to 2031. Moderate increases in delay are projected for
all other regions.
Office workers are more affected by delay than trades persons, and this gap is projected to
widen to 2031. This is partly due to the location of office jobs, but also because trades persons
tend to start and finish work earlier (outside the peaks).
Households of smaller size and income experience less delay in 2015 relative to larger and
higher income households, but increases in delay to 2031 are projected to be similar for all
household types in absolute terms, while the lowest income households experience the
greatest proportional increase in delay.
Full time workers are the most affected by delay in 2015, with retired and unemployed people
the least affected. Projected absolute increases in delay to 2031 are similar for all groups.

Public and active transport opportunities
Given the overall travel demand growth and changes in transport network supply between now
and 2031, travel patterns associated with public transport are also forecast to change. Between
now and 2031, the modelling predicts a 75.9% increase in public transport trips across Greater
Melbourne, which corresponds to an additional 878,000 public transport trips each day.
While the inner regions of Melbourne will experience the greatest absolute growth in public
transport trips, the outer regions will experience the largest relative growth. With a 126.6%
increase, the outer regions more than double their public transport use to contribute an
additional 224,000 public transport trips per day. This can be explained by a combination of
rapid population growth and greater provision of public transport services in these areas – for
example major rail upgrades including Melbourne Metro and Mernda rail as well as extensive
bus service upgrades.
Forecasts for rail utilisation in 2031 show there is limited available capacity during the morning
peak on key corridors of the rail network if travellers can be encouraged to transfer from the
road network to the rail network. Although a significant increase in public transport trips is
projected, cars are projected to remain the dominant mode, as depicted in Figure 5. Public
transport mode share is forecast to increase marginally from 10.0% in 2015 to 13.6% in 2031.
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Figure 5: Mode share for motorised travel
Mode Share
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Source: MABM

Car dominance is a symptom of the structure of Melbourne’s public transport system, with
heavy rail services radiating from the city centre. Melbourne is likely to remain a car dominant
city, with driving forecast to account for more than 70% of trips in 2031. While this supports
public transport use as a significant mode of travel for trips originating in inner regions (growing
from 39% mode share in 2015 to 48% in 2031), for other parts of the metropolitan area, this is
not the case. Often, bus services are the only viable public transit alternative, particularly for the
outer regions, which can struggle to compete with private vehicles in terms of fast journey
times.
The greatest challenges are for people living in the outer regions of Melbourne. Given the large
geographic extent of these regions and their low density, public transport will unlikely be a
solution to the problems of excess road demand in these areas without significant levels of
investment. Higher levels of active transport (walking and cycling) mode share have a
contribution to managing motorised travel demand growth. The extent to which these modes
can substitute for motorised travel is affected by:

•

Trip lengths – active transport is more attractive for short trips and becomes far less practical
for long trips.

•

Trip purposes – some trips, such as shopping trips, involve carrying goods as well as moving
people.

•

User preferences and capabilities – concerns about perceived cycling safety are known to
limit the broader uptake of cycling across all age groups. Weather conditions can be
influential.

Significant investment in cycling infrastructure and behavioural change programs may
contribute to easing demand for motorised transport modes. However, the overall potential for
significant changes in the level of active travel will continue to be constrained by practical
issues such as end of trip facilities, trip length and trip chaining considerations, such as the
ability to pick up goods or passengers as a part of a sequence of trips.

8
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More Detailed Findings
Background and context
Since 2001, Greater Melbourne has added over one million people, growing from a city of 3.3
million to 4.5 million in 2015. Over the next 15 years, Greater Melbourne is expected to continue
experiencing significant growth. Table 5 presents Victoria in Future projections, which estimate
that the population of the city is forecast to grow from 4.5 million people in 2015 to almost
six million people by 2031.
Table 5: Population and employment growth across Greater Melbourne

Population

Greater
Melbourne

Workers

2015

2031

Change
2015-2031

2015

2031

Change
2015-2031

4,493,204

5,988,856

33%

1,609,268

2,004,620

25%

Source: Victoria in Future and Victorian Government’s Small Area Land Use Projections

This growth is not predicted to be evenly distributed across Melbourne. The existing growth
corridors in Melbourne’s outer south-east, north and west, as well as inner Melbourne, are
expected to contribute approximately two-thirds of the population increase.
Both population and employment forecasts predict significant growth in the Melbourne CBD, and
other inner areas over the next 15 years. Figure 6 shows the spatial distribution of the growth in
population between 2015 and 2031, and Figure 7 shows the growth in employment during the
same period. By 2031, it is projected that there will be an extra 3.5 million trips across
Melbourne’s road and public transport network. An additional 400,000 workers are also expected
by 2031, increasing the number of daily trips to work within Greater Melbourne to just over
two million 2.
Despite the growth in the outer suburbs, Figure 7 illustrates that over three-quarters of the
projected increase in employment are forecast to occur in the inner and middle suburbs of
Melbourne.
These demographic changes, and in particular the growth and spatial distribution of this change,
will create significant transport challenges for Melbourne.

Victoria in Future, Department of Environment, Land, Water and Planning, 2015. KPMG’s agreed scope
uses VIF 2015 as it is reasonably detailed and readily available at the small area level of modelling. We
note that Victorian Government released VIF 2016 in July 2016, however the small area forecasts
associated with VIF 2016 were not available at the commencement of our study.

2
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Figure 6: Change in population 2015, 2031

Source: Victoria in Future
Figure 7: Change in employment 2015, 2031

Source: Victorian Government’s Small Area Land Use Projections
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Technological and demographic changes over the next 15 years are also predicted to alter the
way that Melburnians live and undertake their daily activities. As shown in Table 6, activities
involving work or tertiary education are predicted to be among the slowest growing activities
across Greater Melbourne; this is related to demographic trends including an ageing population,
meaning lower growth in the number of new people entering the workforce. Activity types with
the largest proportions of likely growth are social, leisure, shopping (shown as ‘other’) and trips
related to primary or secondary education.
Table 6: Growth in trips by activity type

Activity type

2015

2031

Change 20152031

Home

4,953,992

6,423,088

29.7%

Work

1,869,032

2,323,716

24.3%

Business

380,940

479,152

25.8%

School

586,680

779,780

32.9%

University/ TAFE

105,672

128,432

21.5%

School pickup/ drop-off

668,452

861,684

28.9%

Other

4,001,536

5,291,932

32.2%

Total

12,566,304

16,287,784

29.6%

Source: MABM
Note: ‘Home’ represents trips where the destination is the individual’s own home, irrespective of their
origin. In MABM, all individuals end their day at home.

Traffic growth will not be experienced uniformly across all regions of Melbourne. The traffic
growth in any region is influenced by overall growth in population and employment within the
region, in addition to the role roads in that area have in supporting movements between other
regions. Figure 8 illustrates that the forecasted rise in private vehicle travel will not be
experienced uniformly across the city.
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Figure 8: Daily car trip (driver or passenger) growth 2015, 2031 3

Source: MABM

To facilitate a spatial comparison, Melbourne was sub-divided into 11 sub-regions for reporting
purposes. In addition to specific local characteristics of regions, the transport network varies
generally in structure and behaviour as it stretches further from Melbourne’s centre with both
roads and public transport becoming less dense towards the edges of the city. Throughout the
remaining sections of this report, the sub-regions have been grouped into inner, middle and
outer bands as defined in Figure 9 overleaf.

For clarity, only trip growth between regions that are forecast to increase by over 1,000 trips are shown
in Figure 10. While Figure 10 illustrates the greatest changes in trips between 2015 and 2031, it does not
represent the total growth in trips.

3
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Figure 9: Sub-regions defined for Melbourne 4

The Shire of Yarra Ranges is included within the Outer Eastern region but is split into an area within
Greater Melbourne, and an area outside of Greater Melbourne. MABM only explicitly models trips within
Greater Melbourne and treats trips from the area outside of Greater Melbourne separately.

4
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Growth in vehicle kilometres
A significant population increase of approximately 1.5 million residents is projected for Greater
Melbourne between 2015 and 2031. Transport modelling indicates that this growth will be
accompanied by a 26.5% increase in road vehicle movement in the metropolitan area –
corresponding to almost 31 million more vehicle kilometres travelled (VKT) across the road
network each day. This is comprised of a combination of private vehicle and freight demand
increasing, however as shown in Table 7, private vehicles contribute the majority of this growth.
Table 7: Daily vehicle kilometre growth by vehicle type between 2015 and 2031

Region

2015

2031

Difference

Private Vehicle

107,748,958

134,529,093

25% (+26,780,134 km)

Freight

7,749,855

11,724,589

51% (+3,974,735 km)

Source: MABM

Melbourne’s continued population expansion into outer regions leads to these outer areas
being where VKT is predicted to rise most significantly in percentage terms, as shown in Figure
10.
In absolute terms, the Mid Eastern region maintains the most daily VKT across both modelled
years. However, its forecast growth between 2015 and 2031 is 22% – less than the overall
growth rate of private vehicle travel across Greater Melbourne as a whole.
Together, the Outer Northern and Outer Western regions contribute 12.5 million more
kilometres of VKT, with 47.1% and 35.5% increases in daily distance travelled respectively. The
Outer North West, while remaining the lowest overall in absolute VKT has the highest
percentage increase (52.2%) between 2015 and 2031.
Modelling indicates that inner regions, such as the Inner Metro and Inner South East, will
experience the lowest increase in daily VKT, reflecting a variety of features and capacity
constraints unique to these regions including lower levels of forecast population growth, limited
provision of new road infrastructure, saturation of existing roads and significant improvements
in public transport infrastructure.
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Figure 10: Absolute and relative growth in daily vehicle kilometres travelled by region 2015 to 2031
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Road utilisation
Roads have a finite throughput capacity depending on a number of factors including number of
lanes, speed limit, intersection frequency and geometry. As the volume traversing a road nears
capacity, traffic flow slows – resulting in congestion effects.
Figure 11 shows how much of the road network is being used relative to its capacity (road
utilisation) during the morning peak period (7am to 9am). For example, in 2031 approximately
8.5% of the road network will be utilised at 60-70% capacity, up from, 7.5% in 2015. Modelling
suggests that despite significant additions and improvements to the road network between
2015 and 2031, there is a shift towards higher road utilisation. A level of 70% capacity is used
as a benchmark for when traffic flow and speeds start to be significantly impacted by
congestion effects. The length of road network operating at or above 70% capacity is forecast
to increase from 15.8% to 19.2% – an increase of 3.4% (1,071kms across Greater Melbourne).
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Figure 11: Road network volume-to-capacity ratio distribution for the AM peak period 2015 to 2031
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Figure 12 and Figure 13 show hourly road utilisation of arterial and freeway standard roads
geographically across Greater Melbourne between 8am and 9am. Comparing the two plots,
increasing levels of utilisation can be seen across the network – in particular within the
mid-eastern region where many corridors are approaching maximum capacity during the morning
peak period.
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Figure 12: Road utilisation between 8am and 9am for 2015

Source: MABM
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Figure 13: Road utilisation between 8am and 9am for 2031

Source: MABM
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Increasing road delay
Average delay captures the difference between how long it takes to traverse a road and how
long it would have taken if there were no impediments to free movement. Higher delay
indicates either slower network speeds or more frequent stoppages.
The modelled results for 2015 and 2031 are presented in Figure 14. During the morning peak
period, delay on arterial roads is forecast to increase from 0.96 min/km in 2015 to 1.06 min/km
in 2031. Freeways are expected to perform slightly worse, with a 12.5% increase in delay.
Overall, the entire network, including all local roads, is forecast to experience an 8.8% increase
in delay between 2015 and 2031. This means that on average, for a 10 km journey, an individual
is forecast to experience approximately 40 seconds more delay in 2031 compared to 2015.
Figure 14: Network delay during the morning peak period 2015 to 2031
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Source: MABM

Average journey times and distances
Between 2015 and 2031, daily VKT are forecast to grow across Greater Melbourne with lower
speeds modelled along key corridors in the network. As a result, the average private vehicle
journey is likely to be affected – both in terms of time spent on the road as well as distance
travelled. Greater congestion effects promote the use of less direct routes that may be longer
in length or utilise lower classes of road that have slower speed limits, although this effect is
somewhat mitigated by the increasing density of activities and jobs, particularly in outer areas.
Figure 15 shows the overall forecast change in average daily private vehicle journey time and
distance between 2015 and 2031 for Greater Melbourne. Overall, average journey distance only
increases marginally. However, the corresponding average journey time grows by 11.6% (from
21.0 minutes to 23.4 minutes).
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Figure 15: Average daily private vehicle journey time and distance comparison 2015 to 2031
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Figure 16 shows the average daily journey times and distances for each reporting region. Each
area demonstrates a different response to growing private vehicle travel demand between
2015 and 2031 due to a number of factors, including changes in infrastructure provision and
evolving travel patterns over time.
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Figure 16: Average daily private vehicle journey results comparison by region 2015 to 2031
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Note: Outer North West region not shown as the results are beyond the extents of the chart (2015:
25.4km, 63.1min; 2031: 20.5km, 65.1min)

An overall trend that can be discerned from Figure 16 is that trip distances for outer regions
decrease between 2015 and 2031. As the population grows in outer regions, it is expected that
there would be an accompanying increase in employment and amenity for those areas over
time. With increasing development, residents gain more options for work, school, shopping and
other activities that are located closer to home. As areas become more established, investment
in road infrastructure is also likely to increase, in some cases providing more direct routes.
Despite this average reduction in journey distance, average journey times are projected to
increase for these outer areas. The Outer Western region exhibits an 8.4% reduction in average
trip distance, yet a 6.4% increase in average trip time. This means that for this area, average
trip distances decrease by 1.0 km while average trip times increase by 1.7 minutes between
2015 and 2031. The large increase in vehicle kilometres within this part of Melbourne is the
likely cause, with time spent travelling on roads approaching capacity forecast to increase
significantly in 2031 relative to 2015.
While the inner and middle regions do not exhibit a simultaneous reduction in trip distance and
increase in trip time (with the exception of the Mid Western region), the effects of increased
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congestion are still evident. For example, the Mid South East has 0.4% longer trips on average
originating from it in 2031 compared to 2015. However, modelled average travel times for this
region increase by 12.4% (2.1 minutes) - a disproportionately large upsurge compared to the
change in journey distance.

Wider peaks
Due to the general uniformity of work and school starting and ending times, travel demand
tends to concentrate into two large peaks during the morning and evening. The morning peak
tends to be more concentrated than the evening peak, as the ending times of activities are
more variable than the start times. Surrounding times of peak demand are the peak shoulders,
where demand rapidly grows or shrinks as the peak period begins and concludes.
For reporting purposes, the morning and evening peak periods are defined from 7am to 9am
and 3pm to 6pm respectively. For 2015, these times approximately correspond to points where
hourly traffic volumes exceed the 80th percentile hourly volume for the day. By using these
volumes as a benchmark, a comparison can be made with 2031 modelled volumes to see
where the vehicle hours travelled (VHT) for 2031 exceed 2015 levels. By doing this, it can be
determined where the equivalent peak periods begin and end in the future year. Figure 17
shows this analysis for the inner, middle and outer regions.
Figure 17: Peak spreading across regions

Source: MABM
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For ease of analysis, we have looked at hourly data throughout the day, even though MABM
provides 60 second blocks of time. As the comparison is made between hourly data rather than
smaller time increments for the 2015 and 2031 modelled hours of travel, growth in the peak
periods is only indicative. Nonetheless, patterns of changing travel behaviour can be seen.
Across all regions, both the morning and evening peaks widen (indicated by the red bars) to
accommodate higher private vehicle volumes across the network – resulting in longer durations
of peak congestion.

Reliability
Travel time reliability refers to the consistency of journey times along part of the road network
during a particular time of the day. A corridor that takes between 10-30 minutes to traverse
during the evening peak depending on local traffic conditions is considered less reliable than an
equivalent corridor that takes between 15-18 minutes at the same time.
Travel time reliability is a key element of the road user experience. Unreliable routes require
people to budget more time than may be strictly necessary for journeys – resulting in wasted
time and non-optimal route scheduling, especially when transferring to or from other modes of
transport such as trains. Unreliable parts of the road network also make route-choice decisions
less clear, exacerbating congestion effects as road users choose congested routes over
favourable alternatives due to a lack of immediate travel time information.
A common measure of reliability is the percentage difference between the mean and 85th
percentile travel times during particular periods of the day. Figure 18 shows the historical
reliability of Melbourne’s road network using data sourced from the annual VicRoads Traffic
Monitor.
Figure 18: Travel time variability 1996 to 2013
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Source: Traffic Monitor Reports 1996/2000 – 2013/2014 (VicRoads)
Note: VicRoads morning peak defined from 7:30am to 9am, evening peak defined from 4:30pm to 6pm.
VicRoads introduced a new methodology to collect average travel speed and times in Financial Year
2013-2014 and have only published results using this new methodology for Financial Years 2013-14 and
Financial Years 2014-15. These two data points have been omitted because the historical data series
cannot be comparable to data collected using the new methodology.
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Reliability is at its lowest during the morning peak and highest during off-peak times of the day.
Overall, there has not been a significant increase in travel time variability between 1996 and
2013. However, it should be noted that, because of higher travel demand, more drivers are
being subject to unreliable travel times than was previously the case.
Reliability of travel time only becomes apparent when comparing the performance of the
network across different days, giving a chance for different external effects to alter traffic
conditions. Transport models such as the MABM are designed to simulate network
performance across an average weekday. As such, the direct modelling of travel time variability
across different days is not possible using these tools. To overcome this limitation, other
indicators derived from model outcomes can be used as proxies for estimating change in travel
time reliability throughout the network. The New Zealand Transport Authority (NZTA) Economic
Evaluation Manual describes a method of achieving this using modelled volume-to-capacity
ratios. It is reasoned that as a road approaches capacity, reliability deteriorates as traffic flow
becomes more unpredictable in terms of travel speeds. Using this data, aggregate measures of
network travel time variability can be calculated. Figure 19 shows modelled network wide travel
time reliability for 2015 and 2031 under this metric, where the vertical axis represents the
day-to-day variability in aggregate travel time on the road network, and the horizontal axis
represents time of day.
Figure 19: Road network travel time variability 2015 to 2031

Source: MABM
Note: Aggregate network travel time means the sum of the journey time of all trips on the road network at
a given time of day; the standard deviation is a measure of the day-to-day variability of this metric.

There is a forecasted increase in travel time variability between 2015 and 2031, particularly during
the morning and evening peak periods. General growth in vehicle travel results in more unreliable
traffic conditions and greater volumes of road users exposed to these effects.
The increase in travel time variability will be significant, and Melburnians will need to allow for
unreliable travel times when planning their activities. Combined with the future travel time
variability, the wider peaks discussed earlier could further spread and worsen.

Public transport mode shift
Between 2015 and 2031, large predicted population growth, combined with the continued
geographic expansion of Melbourne, is likely to affect the performance of the road network.
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Similarly, given the overall travel demand growth and changes in transport supply outlined
earlier, travel patterns surrounding the use of public transport are also likely to change.
Between 2015 and 2031, a 75.9% increase in public transport trips is forecast across
metropolitan Melbourne – corresponding to approximately 878,000 more trips each day.
Figure 20 shows this increase broken down by region and region groups.
Figure 20: Increase in daily public transport trips by origin, 2015, 2031
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The inner regions are forecast to experience the greatest absolute growth in public transport
trips per day, growing by 399,000 between 2015 and 2031. These regions exhibit the lowest
relative growth however – it is the outer regions that see the largest growth under this metric.
With a 126.6% increase, the outer regions more than double their public transport use to
contribute an additional 224,000 public transport per day. A combination of population growth in
these areas and improved provision of public transit services are the likely causes of this
growth. In addition to major rail projects such as Melbourne Metro and Mernda Rail, extensive
upgrades to bus services in these regions are expected between 2015 and 2031 to cater for
increasing development.
This growth in public transport trips is diminished in significance however when reflected in the
wider context of network mode share. Considering just private vehicle and public transport trips
together (motorised travel), between 2015 and 2031 public transport mode share is forecast to
increase from 10.0% to 13.6% - a 3.6% difference (refer Figure 21).
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Figure 21: Public transport and private vehicle mode share 2015 to 2031
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The most significant growth in public transport mode share between 2015 and 2031 occurs
during the peak periods. As Figure 22 shows, for trips departing during the morning peak hours
(7am – 9am), the share of public transport as a proportion of motorised travel is projected to
increase from 12.3% to 17.0% - a change of 4.7%.
Figure 22: Change in public transport mode share (motorised travel)

Source: MABM
Note: Trips are grouped by time of departure; motorised trips are private vehicle and public transport.

The public transport system in 2031 will be more accessible, more interconnected and have
higher service frequencies across many areas of Greater Melbourne compared to the 2015
network (as assumed under the Victorian Government’s 2031 Reference Case). In addition, due
to increased demand and resulting delays, the 2031 road network will be relatively less
competitive compared to the public transit system in terms of delivering fast journeys. Despite
these two factors, under the forecast scenario Melbourne is expected to remain a
car-dependent city, with a large majority of travellers (more than 70%) continuing to use private
vehicles in 2031.
This is unsurprising, given the geometry of Melbourne’s public transport network. The
backbone of the system is the train lines, which exhibit the highest capacities, highest speeds
and greatest level of service across all public transport modes. These lines radiate from the
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CBD, leaving little opportunity for convenient radial travel using this mode. While this supports
public transport use as a significant mode of travel for trips originating in inner regions (growing
from 39% in 2015 to 48% in 2031), for other parts of the metropolitan area, this is not the case.
Journeys that do not involve central Melbourne areas form the majority of all travel across the
city. Particularly for outer suburbs, this often leaves bus services as the only viable public transit
alternative – which can struggle to compete with private vehicles in terms of journey times.

Rail utilisation
With large forecast increases in public transport patronage between 2015 and 2031, it is
important to consider how the public transport system will perform in terms of passenger
capacity and throughput. Utilisation in this context refers to how close to capacity a service is
operating during a particular time in terms of passenger loads. For rail lines in particular, high
passenger loads can often leave travellers waiting on platforms due to at-capacity trains during
busy periods. Peak loads are most often experienced on entry or exit from the CBD.
Public Transport Victoria groups train lines based on where they enter/exit the CBD (the CBD
cordon). Table 8 shows how close to capacity the demand forecasts for each line group are for
2015 and 2031 at the CBD cordon location during the morning peak. Note that this includes
every train that passes through the cordon during the two-hour period – meaning that even
though demand may reach full-capacity for a specific service at a specific time, the overall
morning time period can still have spare capacity on other trains and lines.
Table 8: Rail line group utilisation during the morning peak 2015 to 2031
Interval

Burnley

Caulfield

Clifton Hill

Northern

Melbourne
Metro
(Arden)

Melbourne
Metro
(Domain)

2015
7:00am – 7:15am

89%

97%

133%

85%

-

7:15am – 7:30am

47%

54%

73%

57%

-

7:30am – 7:45am

51%

59%

55%

41%

-

7:45am – 8:00am

55%

77%

92%

74%

-

8:00am – 8:15am

81%

75%

82%

81%

-

8:15am – 8:30am

107%

102%

143%

98%

-

8:30am – 8:45am

109%

103%

157%

90%

-

8:45am – 9:00am

72%

68%

73%

71%

-

-

27

© 2017 KPMG, an Australian partnership and a member firm of the KPMG network of independent member firms affiliated with KPMG International Cooperative
(“KPMG International”), a Swiss entity. All rights reserved. The KPMG name and logo are registered trademarks or trademarks of KPMG International.
Liability limited by a scheme approved under Professional Standards Legislation.

Interval

Burnley

Caulfield

Clifton Hill

Northern

Melbourne
Metro
(Arden)

Melbourne
Metro
(Domain)

2031
7:00am – 7:15am

88%

48%

80%

84%

N/A

43%

7:15am – 7:30am

41%

55%

143%

68%

72%

44%

7:30am – 7:45am

64%

82%

93%

59%

38%

40%

7:45am – 8:00am

84%

81%

133%

89%

49%

55%

8:00am – 8:15am

77%

102%

126%

100%

55%

43%

8:15am – 8:30am

91%

103%

142%

118%

65%

63%

8:30am – 8:45am

91%

102%

129%

106%

72%

58%

8:45am – 9:00am

46%

58%

82%

72%

42%

37%

Source: MABM
Note: Results for the Clifton Hill Group should be interpreted with caution and in line with model validation
findings.

The 2031 rail network caters for an additional 670,000 modelled station entries per day
compared to 2015 in the morning peak. The Northern and Clifton Hill line groups gain the most
load in terms of passenger-to-capacity ratio – which aligns with population growth expected to
the north and west of Melbourne. In addition to the capacity of train services, the performance
of the train system overall may also be influenced by the ability of specific train stations to cater
for increased demand, an issue that is not considered in the demand forecasts.
The forecasts indicate that there are a number of groups in the rail system with capacity
constraints, while other rail groups have some additional scope to carry additional passengers
at 2031. In large part, this is an outcome of the additional services that have been enabled by
the Melbourne Metro project. This additional capacity is unlikely to be filled by road users
switching to public transport to avoid road network delays. Train travel predominantly services
city-bound trips, while a majority of road trips are orbital in nature. Additionally, as indicated in
modelling undertaken for IV’s 30-year infrastructure strategy, by 2046 this spare capacity is
absorbed by additional growth, and overall passenger loading levels revert to be worse than the
existing situation. The rail utilisation forecasts for 2031 also highlight that wider peaks are not
only predicted in future for the road network, but also on Melbourne’s rail network.
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User profiles
This section considers the profiles of road users in 2015 (as synthesised in the MABM), and
how those profiles are expected to evolve to 2031. The MABM allows for the extraction of
detailed information about each road user’s trips, activities and characteristics.
Profiling users
The MABM uses a disaggregate “synthetic population” which holds the travel plans and
characteristics of transport users in Melbourne. The synthetic population is built up from
Census data, Victoria in Future demographic estimates and projections, and the Victorian
Integrated Survey of Travel and Activity (VISTA).
The use of a detailed synthetic population allows for a more detailed understanding of user
characteristics than would be possible using aggregated demographic data alone. This means
that high level demographic characteristics of users can be compared across time and space to
draw insights about who is using Melbourne’s road infrastructure and how .
Profiling freeways
Developing a picture of who is serviced by Melbourne’s transport infrastructure is useful in
understanding who the ‘customers’ of the transport network are at different times of the day
and by different types of transport infrastructure. Road users who drive on selected
infrastructure during the morning peak period (7-9am) and the one-hour shoulder periods before
and after this time were analysed to determine the characteristics of their trip (such as purpose,
origin, destination, travel time, travel distance) and of the individual themselves (age, income,
occupation, home location, work location).
Ten freeways or toll roads in Melbourne were selected to be profiled. Road users who used at
least some part of the nominated freeway were analysed. The nominated freeways include:

•
•
•
•
•
•
•
•
•

Princes Freeway (Western Section);
West Gate Freeway; Western Ring Road;
Metropolitan Ring Road;
CityLink;
Tullamarine Freeway;
Calder Freeway;
Monash Freeway;
EastLink; and
Eastern Freeway.

Figure 23 shows the location of these freeways, and which MABM sub-region they fall within.
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Figure 23: Freeways included in profiles 5

The MABM models some types of external demand based on trip matrices output from the
Victorian Government’s Victorian Integrated Transport Model. Freight, airport and external road
trips are modelled in MABM as exogenous demand.
The user profiles are presented in the sections below and cover:

•

Trip purpose;

•

Occupation (according to ANZSCO 6 level 1);

•

Households; and

•

Life stages.

Each profile is derived from analysis of trips, individual attributes, and freeway user
composition. The most relevant insights from these three sources were combined to form the
user profiles.

A number of proposed freeway projects have been included in the 2031 road network, as outlined in
Table 7. Alignments shown in Figure 34 may be subject to change over time.
6 Australian and New Zealand Standard Classification of Occupation.
5
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Trip purpose
Travel for certain purposes will often typically take longer than other trips. For example, most
commuter trips occur during the most congested hours because individuals are required to be
at work at a certain time each morning. Figure 24 shows how delay impacts different trip
purposes. By 2031, trips for non-work purposes are projected to take longer as the peaks
spread.

Seconds/km

Figure 24: Delay by trip purpose – all day

Source: MABM
Note: Circle area is proportional to the number of daily car trips. ‘Home’ represents trips where the
destination is the individual’s own home, irrespective of their origin.

A relatively modest increase in work trip delay compared to other trips can also be explained by
a large portion of work trips occurring during the morning peak, being made to Inner
Melbourne, and able to take advantage of the public transport network’s radial configuration.
To examine this further, car trips were grouped in terms of their orientation with respect to
Melbourne Town Hall and analysed for their delay. Trips that head toward or away from the
Town Hall (within 30o) are classified as ‘Radial’, while trips that are in a perpendicular
orientation (around the city) are classified as ‘Orbital’. Short trips less than 3km were excluded
from the analysis.
In 2015, radial trips are more delayed than orbital trips and this is expected to be the case in
2031 as well. However as Figure 25 shows, the gap between these trip types is closing and
orbital trips are expected to experience a greater increase in delay than radial trips.
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Figure 25: Breakdown of trips by orientation and delay – all day

Source: MABM
Note: Pie chart shows proportions in 2015, however 2031 proportions are similar; ‘Other’ trips are those
trips longer than 3km that do not meet the defined criteria for either an orbital or radial orientation.

Trip purposes are associated with particular times of day and locations. This can be seen by
examining the profile of users on particular freeways over time.
The majority of freeway users between 7am and 9am are travelling for work, business or
education 7, however there are a significant proportion who are travelling for other purposes. As
Figure 26 demonstrates, this proportion is expected to grow on most freeways between now
and 2031.
The proportion of these other trips during the morning peak, which can include shopping, social
trips and leisure activities as well as people returning home from an activity, varies between
Melbourne’s freeways. At the low end, they represent around 10% of user trips on CityLink
and the West Gate Freeway and up to almost 20% on the Princes Freeway by 2031.
Although modelling does not assess the personal importance of these trips to the individuals
making them, it is reasonable to assume that some portion are non-essential and could be
undertaken outside of the peak period. If users making these non-essential trips in the peak
period could be incentivised to shift their travel to outside of peak times, this could have a
significant impact on network conditions. Travel times for users who are most in need of road
access during the peak would also improve. The relatively low proportion of non-essential trips
on CityLink, a tolled road, in both 2015 and 2031, suggests that users’ travel behaviour is also
responsive to price signals.

7

Education includes school drop-offs.
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Figure 26: Morning peak (7am-9am) travel for purposes other than work, business or education

Source: MABM

Occupation
Occupation has an impact on travel patterns because of its effect on working hours and
likelihood of travel during the day. Figure 27 shows how delay impacts people of different
occupations. For those who work, there is significant variation between occupations in terms of
2015 delay and the change to 2031.
The variation in delay can be partly explained by the location of home and work locations.
People with office jobs (professionals, clerical and administrative workers) are more likely to
work in inner city areas, which are heavily affected by road network delays, and are therefore
likely to experience higher average delays than those who commute to outer suburban areas.
Timing is also a factor in explaining the difference in the impact of delay between occupations.
Trades persons, such as labourers and technicians, are more likely to start and finish work
earlier, therefore avoiding the worst of the peak traffic. These occupations have the smallest
increase in delay between 2015 and 2031.
Figure 28 shows the distribution of occupations on freeways in the morning peak, and in the
shoulder periods on either side, for both 2015 and 2031. Each period is presented as a radar
plot with each of the 10 analysed freeways placed around the circumference in an order
roughly corresponding to its geographical position. For each ‘spoke’ of the chart, the displayed
occupations add to 100%.
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Seconds/km

Figure 27: Delay by occupation – all day

Source: MABM
Note: Circle area is proportional to the number of daily car trips

The early shoulder period between 6am and 7am has the highest share of drivers who are
classified as Technicians and Trades Workers or Labourers. During the morning peak between
7am and 9am, the number of these workers diminishes and the proportion of professionals
increases substantially. In the post-peak shoulder period between 9am and 10am, the
proportion of drivers who are not in the labour force grows from almost nothing to the second
largest bloc of users.
Between 2015 and 2031, the proportion of manual workers in the pre-peak shoulder period is
projected to grow larger. A possible explanation for this is that an increase in public transport
mode share among office workers travelling into the city would decrease the share of freeway
use relative to manual workers who are more likely to work outside the inner city.
The transition across the morning in the occupation profile from trades people to professionals
to non-workers is also not shared equally by all freeways. CityLink and the Eastern Freeway
have the highest proportion of office workers, who make up the majority of users on these
roads at all points between 6am and 10am. In contrast, the Princes Freeway has the lowest
proportion of office workers and the highest proportion of manual workers, who in the hour
between 6am and 7am make up 39% of users and 24% in the peak between 7am and 9am.
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Figure 28: Occupation profile of drivers on Melbourne’s freeways on a weekday morning
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Note: Office Workers includes Professionals, Clerical and Administrative Workers, and Managers;
Manual Workers includes Labourers, Machinery Operators and Drivers, and Technicians and Trades Workers.

Households
For an individual driver, the attributes of their household can have an influence over their travel
patterns (for example due to working parents needing to drop off or pick up children from
school).
Across Melbourne, households will experience different changes to 2031. Figure 29 shows
how delay impacts drivers according to their household location. Households in the Northern
and Western regions are the worst affected by delay in 2015, however delays remain stable to
2031.

Seconds/km

Figure 29: Delay by household location 8 - all day

Source: MABM
Note: Circle area is proportional to the number of daily car trips

8

Outer North West and Outer Eastern regions are not shown due to small sample size.
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Household income is also related to average delay. Figure 30 shows how delay impacts each
household income quintile 9. Households in lower income quintiles are less delayed in 2015
relative to higher income households. Although the 2015 levels of delay vary between income
groups, increases in delay are projected to be similar for all income brackets.

Seconds/km

Figure 30: Delay by household income – all day

Source: MABM
Note: Circle area is proportional to the number of daily car trips

Differences in the impact of delay on different income groups are partly explainable by looking
at which roads these groups are driving on and the time at which they are driving. Figure 31
shows how the profile of driver income differs between freeways and over time. Users in the
highest income quintile are more represented in the peak between 7am and 9am than the
shoulders.
Differences in driver incomes between freeways are partially driven by the demographics of the
regions serviced by the freeway and, in the case of tolled roads, by a greater willingness to pay
for travel time savings among those with higher incomes. CityLink and EastLink are examples
of the latter case, and both have a consistently high share of higher income drivers throughout
the morning.

Quintiles sourced from ABS Cat 6523.0 - Household Income and Wealth, Australia, 2015-16, Table 1.2
Q1 (lowest): <$701pw, Q2: <$1258pw, Q3: <$2000pw, Q4: <$3097pw, Q5 (highest): >$3097pw.

9
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Figure 31: Income profile of drivers on Melbourne’s freeways on a weekday morning

7am
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Quintiles sourced from ABS Cat 6523.0 - Household Income and Wealth, Australia, 2015-16, Table 1.2 Q1 (lowest): <$701pw, Q2: <$1258pw,
Q3: <$2000pw, Q4: <$3097pw, Q5 (highest): >$3097pw.

Figure 32 shows the impact of delay on households of different sizes. One and two person
households have a noticeably lower average delay in 2015 when compared to households with
three or more people. This is unsurprising as singles and couples often have greater flexibility
to choose their travel plans and can travel outside the peak or switch to public transport to
avoid road network delays. Families with children on the other hand, often have a more
regimented schedule which necessitates peak travel, for example having to drive children to
school before driving to work. As with income, despite significant variation in 2015 delay, all
household sizes experience a similar increase in delay to 2031.

Seconds/km

Figure 32: Delay by household size – all day

Source: MABM
Note: Circle area is proportional to the number of daily car trips

Life stage
As people progress through their lives, their travel patterns and activities will change as they
take on different roles and responsibilities. A student in their early 20s is likely to have a very
different daily plan to a full time worker with children, in their early 40s.
Figure 33 and Figure 34 show the impact of delay on people of different main activities and
ages respectively. Full time workers are the most affected by delay in 2015, with retired,
unemployed people, and those over 65 the least affected. This makes sense as the former
group are the most likely to have to travel in peak times, whereas the latter group usually do
not have the same requirement.
Projected increases in delay to 2031 are similar for all ages and main activities. In proportional
terms, this means that people over 65 and retired people would experience the largest relative
increase in delay.
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Seconds/km

Figure 33: Delay by age group – all day

Source: MABM
Note: Circle area is proportional to the number of daily car trips

Seconds/km

Figure 34: Delay by main activity – all day

Source: MABM
Note: Circle area is proportional to the number of daily car trips
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