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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 8 March 2018. 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 23 May 2018, 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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Glossary 
AV Automated vehicles 

AZEVIA Automated and Zero Emission Vehicle Infrastructure Advice 

CDV Conventionally driven vehicles 

DRT Demand responsive transport 

HCMT High capacity metro train 

ICE Internal combustion engine 

MABM Melbourne agent and activity based model 

MATSim Multi-Agent Transport Simulation 

MTWP Method of Travel to Work 

NEIC National Employment and Innovation Clusters 

NEL North East Link (Victorian Government Project) 

SALUP Small Area Land Use Projections 

VHT Vehicle hours travelled 

VITM Victoria Statewide Integrated Transport Model 

VISTA Victorian Integrated Survey of Travel and Activity 

VKT Vehicle kilometres travelled 

ZEV Zero emission vehicles 

OMR Outer metropolitan ring road 
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1 Introduction  

1.1 Background and context 
1.1.1 Automated and Zero Emission Vehicle Infrastructure Advice 
In October 2017 Victoria’s Special Minister of State Gavin Jennings requested that 
Infrastructure Victoria (IV) provide written advice to the Victorian Government on Victoria’s 
Infrastructure Requirements to “enable the implementation of automated and zero emission 
vehicles”1. IV’s advice is referred to as Automated and Zero Emission Vehicle Infrastructure 
Advice (AZEVIA). The scope of the IV’s advice is to advise the Victorian Government on the 
infrastructure requirements that: 

a) Enable the operation of highly Automated Vehicles (AVs) (otherwise referred to as 
autonomous vehicles, driverless vehicles or self-driving vehicles); 

b) Respond to new ownership and market models which may arise from highly automated 
vehicles; and 

c) Respond to the eventuality of Zero Emission Vehicles (ZEVs) as a high proportion of the 
Victorian fleet. 

In the context of this work, AV refers to vehicles operating at levels 4 and 5 of automation (High 
Automation, Full Automation) as described by SAE international2. This means that the vehicle is 
able to automate all aspects of the dynamic driving task without human intervention. 

ZEVs are defined as vehicles which produce no tailpipe or source emissions. These vehicles have 
the potential to reduce or eliminate greenhouse and local air and noise pollution impacts. ZEVs is 
an umbrella term for Electric Vehicles (EVs) and Hydrogen Vehicles (HVs). 

The term “fleet” in the context of this report is a broad term which encompasses all vehicles 
registered and operated in the State of Victoria, including passenger, freight and road based 
public transport vehicles. 

IV has specified a reference year of 2046 for scenario modelling related to the AZEVIA project. 
IV has also adopted an approach of testing a wide variety of ‘book end’ scenarios relating to 
take-up of various technologies relating to AVs and ZEVs. IV have adopted seven reference 
scenarios for 2031 and 20463 that it would like to test as part of its advice to the Victorian 
Government. A brief description of these scenarios are provided in Table 1. 

                                                           
1 Gavin Jennings (25 October 2017), Terms of Reference – Advice from Infrastructure Victoria on automated and zero emission vehicle 

infrastructure. Available from https://goo.gl/drFfgY. 

2 SAE International (2016), SAE International Standard J3016 – Automated Driving. Summary available from https://goo.gl/jpn8D3. 

3 Advice from Infrastructure Victoria. 
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Table 1: Seven reference scenarios as defined by IV 

Scenario Description 

Electric avenue The fleet is entirely composed of electric vehicles (but vehicles are not 
automated) and are privately owned. 

Private drive The fleet is entirely composed of automated and electric vehicles which are 
privately owned. 

Fleet street The fleet is composed of electric and automated vehicles with a shared 
ownership model. A fleet of electric and automated taxis (robotaxis) service the 
needs of Victoria’s travellers in the place of privately owned vehicles. 

Hydrogen 
highway 

The fleet is entirely composed of hydrogen vehicles (but vehicles are not 
automated) and are privately owned. 

Slow lane Half of the driving population uses a shared automated fleet (which is consistent 
with the Fleet street scenario), while the other half continue to use traditional ICE 
(internal combustion engine) vehicles which are privately owned (which is 
consistent with the Dead end scenario). 

High speed This scenario is the same as the Fleet street scenario, but is realised by 2031 
instead of 2046.  

Dead end The fleet is entirely composed of traditional internal combustion engine (ICE) 
vehicles which are privately owned. This forms a reference case in that it is similar 
to existing fleet composition and ownership models.  

1.1.2 Melbourne Activity Based Model 
In 2017, Infrastructure Victoria engaged KPMG to develop a new strategic transport model for 
Melbourne. The model is called the Melbourne Activity and Agent Based transport Model 
(MABM)4. The purpose of a strategic transport model is to test the impacts of a variety of 
different infrastructure and policy scenarios and model the impacts on transport network 
performance, as well as the fairness and equity impacts of those scenarios. The modelling is 
intended to form part of the evidence base to inform the public debate relating to transport 
policy and investment. 

The MABM builds on the theoretical framework and open source software platform called 
“Multi‑Agent Transport Simulation” (MATSim). The MATSim theoretical framework represents 
leading practice in strategic transport modelling. The MABM is an agent and activity based 
modelling tool. KPMG applied the MATSim framework and modified it to suit local conditions in 
Melbourne. The MABM has several advantages over traditional modelling approaches5, 
including: 

• It puts the customer at the centre, being person-based rather than trip-based – this means
it is more suited to modelling the fairness and equity impacts of different infrastructure and
policy scenarios;

• It focusses on plans and activities rather than journeys – this means it can take into account
constraints that are unique to individuals – for example if you need to take a car to work so
you can pick a child up from school after work;

4 Infrastructure Victoria (2017), Managing Transport Demand. See summary and attachments at https://goo.gl/SmzNNy. 

5 KPMG and Arup (2017), MABM Fact Sheet. Available from https://goo.gl/9yXD7D. 
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• It is able to consider peak spreading impacts – this means that it is more suited to 
understanding the circumstances in which people change their travel times to earlier or 
later in the day, and for understanding policy scenarios in which policy or pricing settings 
vary during peak and off-peak times; and 

• It is able to produce rich visualisations – this means it is easier for modellers to 
communicate findings to a broader audience, and it also improves the transparency of 
modelling. 

In addition to these advances over traditional modelling techniques, the MABM provides a 
strong foundation for modelling of the AV and ZEV scenarios described in Table 1. MATSim has 
been used to undertake scenario modelling for AV and ZEV scenarios in other parts of the world 
including Berlin (Germany), San Francisco (USA) and Braunschweig/Wolfsburg (Germany)6. 

The MABM was validated in 2017 to a base model year of 20157. A 2031 reference scenario 
was also created in 20178. The baseline MABM is a simulation of a typical weekday (i.e. a 
Tuesday in August during the school term, and with no public holidays in the same week). 

1.2 Our scope 
The scope of KPMG’s work as described in this report is to: 

1 Develop a new reference scenario in MABM for the AZEVIA reference year of 2046. The 
reference scenario is based on the Dead end scenario described in Table 1 in Section 1.1. 
This scenario provides a basis for comparison for transport modelling relating to the other 
AZEVIA scenarios described in Table 1. Please note this report only describes the 
development and results of the reference scenario. The running of the other AZEVIA model 
scenarios described in Table 1 will be detailed in a separate report. 
 

2 Develop functionality within the MABM to test the impacts of AV and ZEV technologies and 
ownership and market models which may arise from these technologies. Six new modules 
are in the scope of this report which were designed to address the scenarios described in 
Table 1. These are named as follows and described in detail in Section 3. 
• Zero emission vehicles; 
• Automated vehicles; 
• Empty running for private AVs; 
• Robotaxis; 
• Carpooling; and 
• Public transport access and egress. 

  

                                                           
6 A list of recent publications by the Technical University of Berlin can be found at this link: https://goo.gl/TGSwZY.   

7 KPMG and Arup (2017), Model Calibration and Validation Report, Available from https://goo.gl/dZdfwJ. 

8 KPMG and Arup (2017), Travel Demand and Movement Patterns Report, Available from https://goo.gl/HBVmZC. 
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1.3 Scenarios and projections 
The 2046 reference scenario described in this report is a projection, and should not be 
considered a forecast.  

A forecast is an estimate or prediction of future conditions. A projection is a hypothetical future 
scenario based on a set of assumptions which can be varied. The reference scenario is 
designed to provide a basis of comparison for the alternative scenarios described in Table 1. 
Section 2 and Appendix A of this report describe the projections which relate to the 2046 
reference scenario. 

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. 

1.4 This report 
This report is structured as follows: 

• Section 2 outlines the projected state of Melbourne’s transport demand and performance in 
2046, assuming that only existing transport technologies are used. This analysis is based on 
the MABM and explores changes in population and employment growth, travel demand, 
mode share of travel, concentration of travel to key activity centres and the impacts of 
additional travel on road and public transport networks between 2015 and 2046. 

• Section 3 describes several model enhancements, which have been undertaken to allow 
modelling of the alternative scenarios against the reference scenario from Section 2. Model 
enhancements allow the incorporation of zero emissions vehicles, automated vehicles 
(AVs), empty running of private AVs, robotaxis (i.e. AVs that are employed as taxis), 
carpooling (i.e. robotaxis with the ability to pool passengers) and public transport access 
and egress options incorporating AVs. 

• Appendix A provides further explanation of the MABM and additional detail relating to the 
MABM analysis in Section 2. 

• Appendix B provides further explanation of the model enhancements described in Section 
3, and includes the results of test runs, which were conducted in order to valid model 
enhancements. 
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2 Melbourne in 2046 
This Section outlines the projected state of Melbourne’s transport demand and performance in 
2046 under the Dead end (reference) scenario, assuming that only existing transport 
technologies are used and existing ownership models continue into the future. Significant 
increases in the congestion of our roads is projected, as Melbourne’s total population and 
workforce grows, and as demand on our road and public transport networks increase. 

Please note that the 2046 reference scenario is a projection only, and should not be considered 
a forecast. The purpose of the 2046 reference scenario is to provide a basis of comparison for 
the alternative AV and ZEV scenarios described in Table 1 in Section 1.1.1 of this 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. 

The descriptions in this Section refer to the reporting regions shown in Figure 1. 

Figure 1: Reporting regions for MABM 

 

Source: MABM 
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2.1 Population and jobs 
Population and employment projections provided by Victorian Government to KPMG9 shows 
that Melbourne’s population is projected to grow at an average annual rate of 1.6% per year 
between 2015 and 2046. Population growth is projected to grow at a faster average annual rate 
between 2015 and 2031 (1.8%) than between 2031 and 2046 (1.4%).  

Employment growth is expected to grow slightly quicker than population growth, at an average 
rate of 1.7% per year between 2015 and 2046. Employment growth is slightly faster than 
population growth because of a projected increase in participation in the workforce of people 
aged greater than 65 in 2046. This is shown in Figure 2 and Table 2 below.   

Melbourne’s population is projected to grow fastest in the inner suburbs and the outer fringes, 
reflecting the recent trend of urban redevelopment in the inner areas and greenfield 
development in the outer growth areas. However, the growth of employment is not projected 
to follow the same pattern as the growth in population. Table 2 shows that the projected 
growth in employment in the outer areas does not keep pace with the projected growth in 
population. This means that people living in the outer fringes would increasingly need to travel 
to inner areas to access employment and other services. 

For further detail on the methodology and source of population and employment, please see 
Appendix A.  

Figure 2: Population and employment in 2015, 2031 and 2046 
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Source: MABM 

                                                           
9 Transport for Victoria (2016), Small Area Land Use Projections. 



 

8 

 

© 2018 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. 

 

Table 2: Modelled population and worker growth in MABM, 2015 to 2046 

Measure Region MABM 
2015 

MABM 
2031 

MABM 
2046 

CAGR 
2015-
2031 

CAGR 
2015-2046 

Population Total10 4,493,204 5,988,856 7,394,256 1.8% 1.6% 

 Inner Metro 327,888 479,620 640,640 2.4% 2.2% 

 Inner South East 529,884 606,576 705,768 0.8% 0.9% 

 Mid Eastern 730,268 847,664 1,004,764 0.9% 1.0% 

 Mid Northern 441,592 545,444 672,408 1.3% 1.4% 

 Mid South East 438,108 526,244 625,404 1.2% 1.2% 

 Mid Western 295,140 372,796 462,068 1.5% 1.5% 

 Outer Eastern 149,792 175,008 199,640 1.0% 0.9% 

 Outer North West 64,504 129,344 207,220 1.8% 1.6% 

 Outer Northern 446,980 678,576 817,748 2.6% 2.0% 

 Outer Western 533,856 841,580 1,127,068 2.9% 2.4% 

 Southern 535,192 786,004 931,528 2.4% 1.8% 

Workers11 Total  1,609,268 2,004,620 2,899,784 1.4% 1.9% 

 Inner Metro 472,360 613,028 959,484 1.6% 2.3% 

 Inner South East 149,120 175,372 233,468 1.0% 1.5% 

 Mid Eastern 250,436 304,108 410,336 1.2% 1.6% 

 Mid Northern 101,108 126,304 178,352 1.4% 1.8% 

 Mid South East 179,568 223,280 304,952 1.4% 1.7% 

 Mid Western 89,100 101,048 137,816 0.8% 1.4% 

 Outer Eastern 30,072 33,644 42,060 0.7% 1.1% 

 Outer North West 107,096 130,420 196,560 1.8% 1.6% 

 Outer Northern 119,148 152,100 218,724 1.5% 2.0% 

 Outer Western 111,260 145,316 218,032 1.7% 2.2% 

 Southern 97,716 118,840 175,092 1.2% 1.9% 

Source: MABM 
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2.2 Our travel needs 
As the population and workforce of Melbourne grows, our travel needs grow as well. MABM 
utilises the Victorian Government population and employment projections in order to model 
travel demand. This Section summarises the change in the number of trips by activity and 
region between 2015 and 2046. For more detailed analysis of modelled trips, including 
modelled activity start time, duration and trip time for 2015, 2031 and 2046, please see 
Appendix A. 

2.2.1.1 Total modelled trips by activity 

Figure 3 and Table 3 show the growth in trip numbers by activity type. The fastest growing 
activity types between 2015 and 2031 are school and “other” (e.g. social, leisure and shopping) 
trips, which are projected to grow at an average annual rate of 1.8% per year each. Between 
2015 and 2046 work trips have the highest projected rate of growth of 1.9% per year on 
average. 

It should be noted that home trips represent all trips from an activity to the travellers’ home. 
Because most travellers return home at least once per day, this is the most common trip by 
activity type across all time periods. 

Figure 3: Modelled trips by activity type (travelling towards) in 2015, 2031 and 2046 
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Source: MABM 
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Table 3: Growth in modelled trips by activity type in 2015, 2031 and 2046 

Activity type MABM 
2015 

MABM 
2031 

MABM 
2046 

CAGR 2015-
2031 

CAGR 2015-
2046 

Home 5,000,000 6,545,000 8,123,000 1.7% 1.6% 

Work 1,875,000 2,330,000 3,372,000 1.4% 1.9% 

Business 399,000 503,000 603,000 1.5% 1.3% 

School 597,000 798,000 905,000 1.8% 1.3% 

University TAFE 106,000 129,000 139,000 1.2% 0.9% 

School pickup/drop-off 677,000 876,000 1,004,000 1.6% 1.3% 

Other 4,082,000 5,431,000 6,590,000 1.8% 1.6% 

Source: MABM 

2.2.1.2 Total modelled trips by region 

Figure 4 and Table 4 show the projected growth in trip numbers by region of origin. Across all 
regions, the number of trips is projected to increase between 2015 and 2031 at an average 
annual rate of 1.7% and between 2031 and 2046 at an average rate of 1.5%.The Outer North 
West region is projected to see the highest rate of trip growth in Melbourne between 2015 and 
2031 (3.5% annually). In percentage terms, the Outer North West region is projected to see the 
most growth in trips between 2015 and 2046. This is correlated with significant population 
growth off a relatively low population (and trip) base. In absolute terms, the inner metro region, 
outer western and outer southern regions are projected to see the most growth in trips 
between 2015 and 2046. 
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Figure 4: Modelled trips by region (origin) in 2015, 2031 and 2046 
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Source: MABM 

Table 4: Modelled trips by region (origin) in 2015, 2031 and 2046 

Region MABM 2015 MABM 2031 MABM 2046 CAGR 2015-
2031 

CAGR 2015-
2046 

Inner Metro 1,630,000 2,260,000 3,141,000 2.1% 2.1% 

Inner South East 1,555,000 1,813,000 2,118,000 1.0% 1.0% 

Mid Eastern 2,215,000 2,626,000 3,155,000 1.1% 1.1% 

Mid Northern 1,101,000 1,382,000 1,704,000 1.4% 1.4% 

Mid South East 1,449,000 1,778,000 2,138,000 1.3% 1.3% 

Mid Western 790,000 1,011,000 1,265,000 1.6% 1.5% 

Outer Eastern 469,000 545,000 629,000 1.0% 1.0% 

Outer North West 186,000 322,000 448,000 3.5% 2.9% 

Outer Northern 1,288,000 1,909,000 2,238,000 2.5% 1.8% 

Outer Western 1,295,000 1,955,000 2,615,000 2.6% 2.3% 

Southern 1,400,000 1,980,000 2,402,000 2.2% 1.8% 

Source: MABM 



 

12 

 

© 2018 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. 

 

2.3 How we travel 
Melbourne travel is changing over time, not just in terms of total trips, but also modes of 
transport.  

Over the period from 2015 to 2046, it is projected that a larger share of trips would be carried 
out on public transport, with slightly higher shares of active modes (i.e. bikes and walking) and 
lower shares of car trips in most regions. This is due to a number of major factors:  

• As Melbourne’s population grows and demands more travel, road congestion is projected 
to increase. This makes car travel less convenient relative to other types of travel. 

• Job locations are projected to be concentrated more in inner-city locations over time. 
Because city centres tend to be well-serviced by public transport, and also tend to have 
more congested roads than other areas, workers are projected to increasingly choose 
public transport to access these jobs. 

• The 2046 reference scenario assumes a significant increase in public transport coverage 
and capacity, which includes the already committed Melbourne Metro Rail Tunnel project 
as well as the proposed Melbourne Metro 2 project.  

2.3.1 Mode share for all trips by origin 
Figure 5 and Table 5 summarise changes in how Melbourne trips are split between modes of 
transport in 2015, 2031 and 2046. The proportion of trips by public transport is projected to 
increase over time across all locations between 2015 and 2046. The inner metro region is 
projected to experience the largest swing toward public transport of any region. 

 It should be noted that while this section is organised trips by origin location, the data in the 
following Section (2.3.2) is organised by the trip destination (i.e. the workplace). 

Figure 5: Mode share of private cars - all trip purposes by origin in 2015, 2031 and 2046 

 

Source: MABM 

As Figure 5 demonstrates, car trips are expected to fall as a portion of total trips between 2015 and 2046 
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represent a higher portion of all trips, compared with 2015 and 2031. This is because the Outer North 
West region has large projected investments of arterial road infrastructure and access to the Outer 
Metropolitan Ring Road. In addition there are boundary and network differences in how these areas are 
modelled between the 2031 and 2046 Base Case which make the 2031 and 2046 model years not entirely 
comparable. 

Of the other regions, the most notably impacted is the Inner Metro region, with car mode share by origin 
decreasing by more than half between 2015 and 2046. The next most notable declines in car mode share 
are the Inner South East and the Mid Western region, both with car mode share declining by more than 
25% over that projection period. These declines are caused by increasing congestion (particularly in the 
morning peak) and major proposed public transport upgrades. 

Table 5: Car mode share (driver and passenger) in 2015, 2031 and 2046 

Region MABM 2015 MABM 2031 MABM 2046 

Inner Metro 39% 30% 18% 

Inner South East 74% 61% 53% 

Mid Eastern 90% 84% 74% 

Mid Northern 79% 72% 64% 

Mid South East 91% 83% 75% 

Mid Western 83% 71% 61% 

Outer Eastern 94% 90% 86% 

Outer North West 87% 77% 96% 

Outer Northern 88% 85% 83% 

Outer Western 91% 87% 81% 

Southern 95% 90% 87% 

Total 72% 64% 54% 

Source: MABM 

2.3.2 Mode share for work trips by destination 
Figure 6 and Table 6 show the change in how workers travel from home to work. It should be 
noted that while the previous Section 2.3.1 organised trips by origin location, this data is 
organised by the trip destination (i.e. the workplace).  

As was seen in the total trip analysis, the inner metro is projected to experience the largest 
reduction in car mode share between 2015 and 2046. By 2046, over 80 percent of workers to 
the inner metro region are projected to catch public transport or use active transport modes. 
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Figure 6: Work mode share by destination in 2015, 2031 and 2046 
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Table 6: Car mode share for work trips by destination in 2015, 2031 and 2046 

Region MABM 2015 MABM 2031 MABM 2046 CAGR 2015-
2031 

CAGR 2015-
2046 

Inner Metro 
39% 30% 18% -1.6% -2.5% 

Inner South East 
74% 61% 53% -1.1% -1.1% 

Mid Eastern 
90% 84% 74% -0.4% -0.6% 

Mid Northern 
79% 72% 64% -0.5% -0.7% 

Mid South East 
91% 83% 75% -0.6% -0.6% 

Mid Western 
83% 71% 61% -1.0% -1.0% 

Outer Eastern 
94% 90% 86% -0.3% -0.3% 

Outer North West 
87% 77% 96% -0.8% 0.3% 

Outer Northern 
88% 85% 83% -0.2% -0.2% 

Outer Western 
91% 87% 81% -0.3% -0.4% 

Southern 
95% 90% 87% -0.3% -0.3% 

Total 
72% 64% 54% -0.7% -0.9% 

Source: MABM 

2.4 Where we travel 
We are not only traveling more and in different ways over time, but our travel demand relates 
to different places as well.  

In the 2046 MABM, growth in population and employment leads to increasing demand for 
travel to key activity centres. Table 7 shows the increasing travel demand for Melbourne’s CBD 
and the National Employment and Innovation Clusters (NEICs) identified in Plan Melbourne. 
Growth in demand for travel to and from these locations is projected to grow significantly more 
quickly than the average rate of growth for overall travel.  

Figure 7 shows that the demand for travel to and from the CBD is projected to grow rapidly at 
peak morning and afternoon times. The time distribution of trip demand is relatively consistent 
between 2015, 2031 and 2046. Although, peak spreading is evident over time. Section 2.5 
outlines some of the expansions in road capacity that could contribute to accommodating this 
demand. 

For travel demand to and from the National employment and innovation clusters (NEICs), 
please see Appendix A. 
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Table 7: Modelled trips to key activity locations in 2015, 2031 and 2046 

Area MABM 
2015 

MABM 
2031 

MABM 
2046 

CAGR 2015-
2031 

CAGR 2015-
2046 

 CBD*  498,000 740,000 1,113,000 2.5% 2.6% 

 Monash  265,000 346,000 465,000 1.7% 1.8% 

 La Trobe  130,000 168,000 244,000 1.6% 2.0% 

 Dandenong  125,000 151,000 197,000 1.2% 1.5% 

 Sunshine  89,000 118,000 159,000 1.8% 1.9% 

 Parkville  85,000 116,000 158,000 1.9% 2.0% 

 Werribee  17,000 41,000 77,000 5.5% 4.9% 

 Fishermans Bend  16,000 20,000 33,000 1.4% 2.4% 

 Elsewhere  11,510,000 14,912,000 18,290,000 1.6% 1.5% 

*Including Docklands and Southbank 

Source: MABM 

 

Figure 7 Travel demand to and from Melbourne’s CBD in 2015, 2031 and 2046 

0

10,000

20,000

30,000

40,000

50,000

60,000

70,000

N
um

be
r 

of
 Tr

ip
s

Time

To CBD 2015

To CBD 2031

To CBD 2046

From CBD 2015

From CBD 2031

From CBD 2046

 
Source: MABM 

 



17 

© 2018 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. 

2.5 Our roads 
As Melbourne’s population grows and our travel needs expand, more demand is placed on our 
road and public transport networks. Regardless of whether we take future technologies into 
account, the reference scenario assumes that we continue to expand our road network to 
accommodate additional demand over time.  

A range of road and public transport network additions and upgrades are assumed between 
2015 and 2046.  These reflect the Victorian government’s VITM (Victoria Statewide Integrated 
Transport Model) Reference Case, with modifications based on recommendations made by IV 
in their 30-year strategy. The VITM Reference Case network is a standard set of future 
networks to be used for assessing transport infrastructure projects. While these reference case 
networks are used to provide a consistent basis for assessing future transport infrastructure 
changes, the State Government is not committed to delivering the reference case road 
networks. Figure 8 and Figure 9 summarise the road network changes in Melbourne between 2015 and 
2046. Figure 9 shows that the 2046 reference scenario contains significantly more road network in the 
western, northern and south east growth corridors. This broadly aligns with areas of significant population 
growth, projected in the Victoria In Future projections. New strategic road infrastructure includes: 

• The Outer Metropolitan Ring Road (OMR);

• The North East Link (NEL);

• The West Gate Tunnel;

• The East-West Link (East); and

• Additional lanes for the M80, Monash Freeway and Calder Freeways.

New road infrastructure investments increase the lane-kilometres of road infrastructure in the 
MABM study area from 20.8k lane-km in 2015 to 25.8k in 2046, an increase of 5k lane-km or 
around 25%. 

Figure 8 shows that while most of the new road infrastructure is projected to be located in 
fringe growth areas, there are still large strategic projects anticipated for the established urban 
area, including the West Gate Tunnel, East-West Link and the NEL. 

Appendix A includes assumptions of road, rail and tram and bus network changes. 
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Figure 8: Road network differences across greater Melbourne, 2015 to 2046 
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Figure 9: Road network differences across inner Melbourne, 2015 to 2046 

Note: This figure includes some roads in Melbourne which existed in 2015, but are not represented in the 2015 
baseline MABM which used an older network input. This figure should be interpreted as “new roads represented in the 
MABM reference scenario in 2046” rather than “new roads assumed to be built between 2015 and 2046”. 

2.6 The effects on our road network 
2.6.1.1 Cars on the roads 

Although the share of trips that occur by car is expected to decrease between 2015 and 2046, 
the overall number of cars on the road is expected to increase. Figure 10 illustrates the total 
distance of car travel projected to 2046 (measured by vehicle kilometres travelled – VKT), while 
Figure 11 illustrates the total number of hours that cars are projected to spend on the roads. 
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Figure 10: Total vehicle kilometres travelled in 2015, 2031 and 2046 
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Source: MABM 

Figure 11: Total vehicle per hours travelled in 2015, 2031 and 2046 
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2.6.1.2 Congestion and delays 

Demands on Melbourne’s road network are projected to increase over time, as the population 
and its travel needs grow. This is projected to lead to increased congestion in the road network, 
even after accounting for new roads. 

As Figure 12 illustrates, the median car trip delay is projected to increase between 2015 and 
2046, particularly in the morning peak period, reflecting the increased demands on Melbourne’s 
road network. Car trip delay is defined as the difference between travel times in no traffic (i.e. 
free flow speeds) and actual travel times. Figure 12 shows the projected delays during the 
morning peak period as more concentrated than the projected delay over the afternoon peak 
period. This is due to a number of factors: 

• Work and school trips occur at around the same time in the morning peak, whereas school 
trips occur slightly prior to the afternoon peak work trips.  

• Work end times are more variable than work start times. 
• People are more likely to undertake chained trips in the afternoon peak, such as adding a 

shopping trip to the commute home, or a school pick-up. 

The morning peak period is also projected to be more tidal than the afternoon peak period, 
meaning that during the morning peak traffic is concentrated in the peak direction, whereas 
during the afternoon peak traffic is more evenly spread between the peak and non-peak 
directions. Figure 12 also demonstrates noticeable peak spreading, with both the morning and 
afternoon peaks starting and ending later in 2046 than in 2015. 

Another notable feature is that delays are significantly higher in 2046 than 2015 and 2031 
during the morning peak. This is caused by employment growth in the inner areas, leading to 
excess demand and congestion for radial routes. Conversely, delays in 2046 for the afternoon 
peak are similar to 203, even a little lower. This is due to the significant additional road 
infrastructure assumed to be included in 2046 (see discussion in Section 2.5), much of which is 
orbital freeways (e.g. the Outer Metropolitan Ring Road, the North East Link). Because road 
demand in the afternoon peak is more orbital than the morning peak, as well less uni-
directional, the 2046 network is more able to absorb this demand, mitigating any increases in 
delay. 
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Figure 12: Median delay for car trips in 2015, 2031 and 2046 
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Source: MABM 

 

2.6.1.3 Average speed on the roads 

More congestion and delays do not always mean lower average network speed. Figure 13 
shows that the projected average speed for the morning peak is slower in 2046 compared to 
2015 and 2031. However, the projected average speeds in 2046 for the interpeak and 
afternoon peak are not materially lower than in 2015 and the 2046 projected speeds for the Off 
peak are actually higher than the 2015 modelled Off peak speeds.  

The change in the projected speeds between 2015 and 2046 reflects the projected increase in 
road capacity between 2015 and 2046, which as shown in Figure 8 is largely located in the outer 
western, outer northern and outer south eastern urban growth areas. This increase in capacity 
includes high speed roads and freeways such as the Outer Metropolitan Ring road and the 
North East Link, which add significant capacity for orbital travel. There is projected to be some 
increase in radial road capacity, such as the West Gate Tunnel Project and existing freeway 
upgrades, however, the majority of additional capacity is projected to be in outer suburban and 
urban fringe locations.  

Therefore, the average road speed projected for 2046 reduces in the morning peak compared 
to 2015 as the projected demand grows faster than the projected capacity in the radial 
corridors, which are important for the morning peak. The average speeds projected for 2046 in 
the interpeak and afternoon peak do not reduce as much compared to 2015 as the demand is 
more dispersed and can therefore utilise more of new projected capacity. The average speed 
projected for 2046 for the Off peak period are higher than 2015 as there is little congestion, and 
a projected increase in the availability of high speed roads and freeways.  
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Figure 13: Average network speed in 2015, 2031 and 2046 
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2.7 The effects on our public transport 
Figure 14 summarises the projected train station entries and tram and bus boardings in 2015, 
2031 and 2046. The figures show that demand for public transport trips is projected to increase 
in all regions, modes and peak times. Based on MABM assumptions and projection, the main 
factors that lead to this are as follows: 

• The growing population of Melbourne increases demand for travel on all modes of 
transport, including public transport; 

• The increasing share of trips in Melbourne via public transport are projected to increase;  
• In particular, commuting trips are expected to more heavily rely on public transport in the 

future, as more jobs become located in the inner city, which is well-serviced by public 
transport; and 

• The 2046 VITM reference case has a significant number of additional public transport 
services, strategically significant public transport upgrades include: 

– Melbourne Metro Rail Tunnel; 
– Mernda Line extension; 
– Melton electrification; 
– Wallan electrification; 
– Wyndhamvale extension; 
– Melbourne Airport Rail Link; 
– Rowville Rail extension; 
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– Clyde Rail extension; and 
– Melbourne Metro 2. 

The public transport upgrades also include various bus and tram extensions including E-gate and 
Footscray tram extensions. A major bus service upgrade is the Doncaster Bus Rapid Transit (BRT), 
which has services running on a dedicated busway along the Eastern freeway. Figure 14: Modelled 
train station entries and bus and tram boardings by category in 2015, 2031 and 2046 

 
Source: MABM 

Figure 15 is a representation of the 2046 reference scenario public transport schedule, with 
public transport vehicles sized according to their capacity. 

Similar to the VITM Reference Case for road networks, the VITM Reference Case for public 
transport networks is a standard set of future networks to be used for assessing transport 
infrastructure projects. While these reference case networks are used to provide a consistent 
basis for assessing future transport infrastructure changes, the State Government is not 
committed to delivering the reference case public transport networks. 

Further information on public transport projects and inputs is shown in Appendix A. 
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Figure 14: Modelled train station entries and bus and tram boardings by category in 2015, 2031 and 
2046 

 
Source: MABM 

Figure 15: Public transport vehicles sized by capacity, 2046 reference scenario, morning peak 

 
Source: MABM 
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3 AZEVIA model extensions 
Section 2 of this report describes the reference scenario for 2046, which assumes no change in 
AV and EV technology and no change in the current model of vehicle ownership (i.e. that most 
people own their own cars). The reference scenario includes car, public transport, walk and 
cycle modes for 2046, consistent with the 2015 baseline scenario in MABM. Projected 
population and employment growth and demographic profiles for 2046 are assumed to be the 
same as the official Victorian Government projections12. The additional projected demand on 
Melbourne’s roads and public transport networks in the reference scenario is projected to lead 
to significant changes in mode share and levels of congestion with existing transport modes 
and technologies, as described in Section 2. 

The AZEVIA scenarios as defined by IV and summarised in Table 1 in Section 1.1.1 encompass 
various technological and ownership changes that hypothesised to occur by 2046. These 
include mass take-up of AVs, ZEVs, and a potential shift to shared ownership of the vehicle 
fleet as opposed to the current private ownership paradigm. 

Several model enhancements have been undertaken to allow modelling of these alternative 
scenarios against the 2046 reference scenario. These enhancements are encompassed in six 
new MABM modules which are described in Table 8. The modules can be used in conjunction 
with each other with one exception – carpooling and robotaxis which cannot be used together. 
However, a scenario which includes both carpooling and robotaxi services can be modelled by 
assigning some carpooling vehicles to only conduct one pick-up/drop-off per trip (which is the 
behaviour of all robotaxis). 

The new modules enable modelling of the behavioural and demand impacts of the AZEVIA 
scenarios. The six new modules are described in detail in the remainder of this Section. 
Additional detailed information on model testing and quality assurance is provided in Appendix 
B. 
 

                                                           
12 Transport for Victoria (2016), Small Area Land Use Projections. 
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Table 8: New MABM modules for AZEVIA modelling 

Module Description 

Zero emission 
vehicles 

This module enables changes in vehicle operating costs and rate of emissions 
(including greenhouse gas and local air pollution) to vary. This enables the impacts 
of ZEVs to be modelled. 

Automated 
vehicles 

This module enables “platooning” of automated vehicles. AVs are likely to be able 
to follow each other more closely than conventionally driven vehicles (CDVs), 
meaning the flow capacity of roads is effectively improved with AVs. Mixed traffic 
(AVs and CDVs together) is also incorporated. 

Empty running for 
private AVs 

This module allows privately owned AVs to drop their owners at an activity and 
then return to the owner’s home location to avoid parking charges at the 
destination. The vehicle would then return in time to pick up the owner after the 
activity is complete. 

Robotaxis This module enables shared AV scenarios to be modelled, with fleets of robotaxis 
replacing privately owned vehicles (in full or in part). This module simulates empty 
running between customers and allows various fare structures to be represented. 

Carpooling This module operates similarly to the robotaxi module, except it allows multiple 
passengers to be picked up and dropped off in a single trip. This is similar to a 
pooled taxi service like UberPool or demand responsive transport (DRT) services. 

Public transport 
access and egress 

The 2017 version of MABM allows access to public transport interchanges by 
walk and car (subject to park and ride capacity constraints) only. This module 
enables new modes (robotaxis and carpooling) to be used to access public 
transport interchanges when used in conjunction with those modules. 

3.1 Zero emission vehicles 
ZEVs have the potential to affect perceived vehicle operating costs. For example, EVs are 
generally cheaper to operate than ICE vehicles. The 2017 MABM version already incorporates 
the functionality to alter vehicle operating costs on a per kilometre basis, and this module is 
ready to apply for AZEVIA modelling. In addition, the MABM models the level of CO2 and NOX 
emissions resulting from travel in Melbourne. This module allows the rate of emissions to vary 
to reflect differences in rates of emissions for different vehicle technologies. 

3.1.1 What the module enables 
The module enables the following potential impacts of AVs to be modelled: 

• Behavioural impacts, including travel mode and time of day; and 
• Traffic network impacts (speed and flow). 

It is expected that relative to traditional ICE vehicles (all else being equal), ZEVs would lead to: 

• A mode shift away from public transport and towards car, reflecting the reduced perceived 
cost of using cars; 

• Reduced average speed and increasing congestion on roads (and reduced crowding on 
public transport) due to the mode shift towards car; and 

• A reduction of tailpipe emissions to zero. 
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3.1.2 Limitations 
The MABM assumes that vehicle operating costs are incurred on a per kilometre basis. This is 
a simplification, as in reality energy consumption varies by speed and road surface type in 
addition to distance. 

The MABM is not designed to model the non-tailpipe emissions of vehicles (for example 
emissions at power plants used to generate the electricity for EVs). However, the outputs of 
MABM can be used to model these impacts as part of a separate analysis. 

3.1.3 Key inputs for scenario runs 
The following input specifications are required for this module for the relevant propulsion 
technology (e.g. ICE, EV or HV): 

• Perceived vehicle operating costs on a per kilometre basis; and 
• The rate of emissions (CO2, NOX) per kilometre. 

3.2 Automated vehicles 
AVs have the potential to increase the effective capacity of roads, by using road space more 
efficiently than CDVs. Examples of more efficient behaviour include smaller gaps between 
vehicles (often described as platooning) and improved interaction at intersections, among 
others13,14,15. With only AVs on the road, the flow capacity impact of each AV may be between 
1.5 to 2 times better than a CDV when measured in Passenger Car Units (PCU) per hour. This is 
due to behaviour, not physical space, because AVs take up the same amount of physical space 
(when stationary) on the road as CDVs16. Figure 16 illustrates the difference in flow capacity 
between AVs and CDVs in the module. 

Figure 16: Flow capacity of CDVs and AVs in a queue model 

 
Source: KPMG 

 

                                                           
13 Friedrich, B. The Effect of Autonomous Vehicles on Traffic. Available from https://goo.gl/RwM5gq. Levin, W (2016).  

14 A multiclass cell transmission model for shared human and autonomous vehicle roads. Available from: https://goo.gl/BGupha. 

15 Wagner, P. Steuerung und Management in einem Verkehrssystem mit autonem Fahrzeugen. Available from https://goo.gl/G6Lbqo. 

16 This is represented in MATSim as storage capacity (as distinct from flow capacity), which this module does not affect. For more 

information on the MATSim queue simulation model, please refer to Section 1.3 of the MATSim book, available from 

https://www.matsim.org/the-book. 
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In the case of mixed AV and CDV traffic, the relative improvement is assumed to scale roughly 
proportionally to the share of AVs. Figure 17 illustrates the effect of increasing the share of AVs 
on flow capacity. The chart shows that as the proportion of AVs on the road grows, so does 
flow capacity. The assumption of flow capacity consumption is a key input into the modelled 
effects of AVs (i.e. if AVs are assumed to perform twice as well in terms of flow capacity of 
CDVs, they would have a bigger effect on modelled flow capacity than if they performed 1.5 
times better than a CDV)17.  

In addition, this module enables testing of changes to the willingness to accept longer travel 
times. Because users of AVs are freed from needing to concentrate on driving and can instead 
work, sleep, read or watch TV or movies, they may be willing to accept longer travel times.  

Figure 17: Increase in flow capacity with increasing AV share 
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Source: M Maciejewski, J Bischoff (2017). Congestion effects of autonomous taxi fleets.17 

3.2.1 What the module enables 
The module enables the following potential impacts of AVs to be modelled: 

• Traffic network impacts (speed and flow); and 
• Behavioural impacts, including travel mode and time of day. 

It is expected that relative to traditional ICE vehicles (all else being equal), platooning of AVs 
would lead to: 

• Increased average speed and throughput on high capacity links (like freeways). Throughput 
impacts are expected to be less pronounced on arterial and local roads that have many 
intersections, as storage capacity is more of a constraint than flow capacity in those 
conditions (for impacts on throughput empty running private AVs, see empty running of 

                                                           
17M Maciejewski, J Bischoff (2017). Congestion effects of autonomous taxi fleets. Available from: https://goo.gl/bxt65n. 
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private AVs module. For impacts on throughput of empty running shared AVs, see robotaxi 
and carpooling modules); and 

• A mode shift away from public transport and towards car, reflecting the improved traffic 
conditions for cars. 

It is expected that (all else being equal) higher willingness to accept longer travel times would 
lead to: 

• A mode shift away from public transport and towards car, reflecting the increased 
willingness to travel by car; and 

• Increasing congestion and reducing average speed caused by the mode shift towards cars. 

As the two impacts are expected to have opposite effects on congestion, the net effect for any 
particular scenario is unknown until the scenario modelling is complete. 

3.2.2 Limitations 
The MABM uses queue simulation functionality from MATSim which is designed as a strategic 
level traffic flow model. This means that it does not explicitly model detailed car following, gap 
observance or lane changing behaviour (known as traffic microsimulation). In particular, traffic 
flow at intersections is simplified compared to real intersections.  

Similarly, the MABM does not include detailed simulation of the mechanisms that AVs may use 
to allow platooning behaviour. Vehicle to Vehicle (V2V) and Vehicle to Infrastructure (V2I) 
communications are not modelled. It is assumed that AV hardware and software is able to 
produce the flow capacity reductions specified by the modeller. 

3.2.3 Key inputs for scenario runs 
The following input specifications are required for this module: 

• The ratio of AV flow capacity to CDV flow capacity. For example, 1.5 means that the flow 
capacity of a road with 100% AVs is 50% higher than a road with 100% CDVs. 

• The proportion of the overall fleet that are AVs. For example, 50% means that half of the 
vehicles on the road are assumed to be AVs (and the remaining 50% are CDVs). 

• The change in the willingness to accept longer travel times (the marginal utility of travel 
time) between 0 and 1. A value of 0.0 indicates that users are indifferent to travel time (i.e. 
a one hour travel time is treated the same as a five minute travel time for behavioural 
modelling). A value of 1.0 means the willingness to accept travel time is equivalent to the 
2015 validated baseline MABM model. 

3.3 Empty running for private AVs 
Owners of private AVs may have the option to send their cars to park at home (or an alternative 
location) instead of paying for parking if a charge is applicable at their destination. This module 
assumes AV owners would send their cars home to park if all of the following criteria are met: 

• A parking charge at the destination is applicable; 
• The duration of stay is greater than one hour; 
• The duration of stay is long enough time for the vehicle to get home and return to its 

owner, with a small buffer; and 
• The vehicle operating cost of the return tour (not including tolls or any valuation of travel 

time) is less than the cost of parking.  
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In practice, this means that this activity is only likely to occur for activities that take place in 
areas with high parking costs (i.e. the CBD and inner suburbs). 

The module assumes that empty private AVs would always avoid toll roads, and would always 
take a route that minimises vehicle operating cost (with no consideration to the travel time of 
the trip, except to the extent that it enables the vehicle to get back in time to collect its owner). 

3.3.1 What the module enables 
The module enables the following potential impacts of empty running of private AVs to be 
modelled: 

• Indicative parking revenue impacts; 
• Traffic network impacts (vehicle kilometres travelled); and 
• Behavioural impacts on other users, including travel mode and time of day. 

It is expected that relative to traditional parking behaviour, empty running of private AVs would 
lead to: 

• Reduced parking revenue in the CBD and inner area; 
• Additional vehicle kilometres on the road network, particularly for counter-peak routes (e.g. 

outbound from the inner city in the morning peak); and 
• Reduced average speed and increasing congestion on roads due to the additional vehicle 

kilometres. 

3.3.2 Limitations 
The MABM has some simplifying assumptions relating to parking costs. These assumptions 
are necessary because individual parking arrangements can vary significantly, and high quality 
data on parking capacities, costs and employer/employee arrangements are not available. The 
MABM parking assumptions are described in the MABM Calibration and Validation report18. 

3.3.3 Key inputs for scenario runs 
No specifications are required for this module, except to specify whether the module should be 
activated or not. It must be used in conjunction with the automated vehicles module. 

3.4 Robotaxis 
The robotaxi module introduces the functionality to simulate the supply and demand of taxi 
services and customers. The module is by default used in conjunction with the automated 
vehicles module (referred to as robotaxis). The robotaxi fleet is assumed to be randomly 
distributed across the city at the beginning of the day. 

The dispatch algorithm is similar to how taxi and ride-sourcing services typically operate. The 
algorithm is designed to minimise wait times outside of the peak and maximise efficiency 
inside the peak. The dispatch algorithm is described in detail in Appendix B. 

The module allows various fare structures to be applicable for the robotaxi service. Various fare 
elements are represented, including: 

• Subscription (per day) – a daily charge, regardless of the level of use of the robotaxi, with 
unlimited use after the daily charge is incurred; 

                                                           
18 KPMG and Arup (2017), Model Calibration and Validation Report, Available from https://goo.gl/dZdfwJ. See Section 4.1.3. 
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• Flagfall (per trip) - a fixed element of the fare, which is incurred upon entering the robotaxi; 
• Distance (per kilometre) - an incremental charge per unit of travel distance; and 
• Time (per minute) – an incremental charge per minute of travel time.  

Any combination of the above fare elements may be specified for a given model scenario. A 
typical taxi or Uber fare includes flagfall, distance and time elements. 

Since robotaxis need to travel empty in between customers, empty vehicle kilometres are 
applicable. The module reports detailed statistics relating to empty running, as well as statistics 
relating to customer wait times, robotaxi utilisation, revenue and other related statistics. These 
statistics can be analysed in aggregated forms (e.g. waiting times per zone), as well as on a 
disaggregated, user-specific level. 

3.4.1 What the module enables 
The module enables the following potential impacts of robotaxis to be modelled: 

• Performance statistics relating to the robotaxi fleet (e.g. utilisation, coverage, empty 
running); 

• Service statistics for robotaxi customers (e.g. wait times, delays, travel times); 
• Traffic network impacts (speed and flow); and 
• Behavioural impacts, including travel mode and time of day. 

It is expected that relative to traditional ICE vehicles (all else being equal) with private 
ownership, mass take-up of robotaxis would lead to: 

• A mode shift away from public transport and car towards robotaxis, reflecting the additional 
mode option that robotaxis provides. 

• Potential additional road congestion due to the mode shift away from high capacity public 
transport to the road-based robotaxi services; and 

• Further additional road congestion due to the empty running of robotaxis in between fares, 
particularly in dense inner areas. 

3.4.2 Limitations 
The robotaxi module only allows a single pickup and dropoff per trip (consistent with a standard 
taxi or ride-sourcing service). For multiple pickup and dropoff services per trip, the robotaxi 
module may be substituted by the carpooling module described in Section 3.5. 

For simplicity, the model assumes a single robotaxi operator, so all robotaxis are routed using a 
single, fleet-wide dispatch algorithm. 

Due to the simulation of the dispatch algorithm for all taxis and all potential customers, 
simulation run-times are significantly higher than runs without the robotaxi module enabled. 
This additional run time needs to be considered in project scheduling. If mode shift impacts 
between robotaxis and public transport are not included, run times are significantly shorter. 

3.4.3 Key inputs for scenario runs 
The following input specifications are required for this module, depending on whether mode 
shift impacts are included: 

• The percentage of car drivers and/or public transport drivers who switch to robotaxi (if 
mode shift impacts are included); or 

• The marginal utility of travel time for AVs based on the automated vehicles module 
described in Section 3.2 (if mode shift impacts are included – please note this module must 
be used in conjunction with the automated vehicles module in this instance). 
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Additional specifications include: 

• Fare elements (time, distance, flagfall, subscription); 
• The size of the robotaxi fleet19; and 
• Initial distribution of robotaxis at beginning of day20. 

Differential fares (e.g. by demographic characteristics or location) can be implemented with 
some additional coding.  

3.5 Carpooling  
Pooling of passengers with similar routes is becoming popular with transport service providers 
worldwide. An example is the UberPool service which has recently been introduced in Sydney 
and is active in many other cities globally. UberPool allows passengers to accept another fare 
paying passenger (of up to two passengers) to be picked up and /or dropped off en route in 
exchange for a discounted fare. For the same arrangement but with larger vehicles and more 
potential customers per trip, this is often referred to as Demand Responsive Transport (DRT) or 
paratransit.  This module enables both UberPool and DRT type services to be modelled with 
different settings. 

The carpooling module is similar to the robotaxi module, except that during trips, carpooling 
vehicles (with or without a driver) can pick up more than one set of passengers with separate 
origins/destinations. 

On the passenger side, the basic functionality is similar to the robotaxi module described in 
Section 3.4. However, service criteria can be specified to limit the detour a passenger 
experiences when riding with a carpool vehicle. The criteria can include a factor (e.g. 20% of 
the direct trip time) plus a constant (e.g. five minutes). Using the example parameters, if a 
carpool trip is estimated to delay the original passenger by more than 120% of the direct trip 
time plus five minutes, the carpool service would not accept the additional passenger and 
would continue on to the destination directly.  

The specification of the above variables is a choice depending on the planning of the specific 
service – for example a social carpooling service may specify large vehicles, long allowable wait 
times and relatively high detours to provide coverage. A more competitive service designed for 
commuters may have small vehicles, small allowable detours and short maximum waiting 
times. This is ultimately a service planning decision. This module also allows the fleet to include 
a range of vehicle sizes (and therefore number of passengers able to be picked up). A mix of 
small UberPool type vehicles and larger DRT type vehicles may be specified. 

3.5.1 What the module enables 
The module enables the following potential impacts of carpooling robotaxis to be estimated: 

• Performance statistics relating to the carpooling fleet (e.g. utilisation, coverage, empty 
running); 

• Service statistics for carpooling customers (e.g. wait times, delays, travel times); 
• Traffic network impacts (speed and flow); and 

                                                           
19 Based on advice from the Technical University of Berlin from experience in other cities, the fleet size is expected to be 10-20% of the 

private vehicle fleet the shared fleet is replacing. 

20 Each vehicle needs to be assigned an initial starting position at the beginning of the day. This is typically assumed to be randomly 

distributed across the city. The initial starting position only affexts operations in the very early hours of the morning, as the AVs 

reposition themselves quickly to adjust to demand. 
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• Behavioural impacts, including travel mode and time of day.

It is expected that relative to traditional ICE vehicles (all else being equal) with private 
ownership, mass take-up of carpooling robotaxis would lead to: 

• A mode shift away from public transport and car towards carpooling robotaxis, reflecting
the additional mode option that carpooling robotaxis provides.

• Potential additional road congestion due to the mode shift away from high capacity public
transport to the road-based carpooling robotaxi services (although to a lesser extent than
robotaxis); and

• Further additional road congestion due to the empty running of carpooling robotaxis in
between fares, particularly in dense inner areas.

3.5.2 Limitations 
For simplicity, the model assumes a single carpooling robotaxi operator, so all carpooling 
robotaxis are routed using a single, fleet-wide dispatch algorithm. 

Due to the simulation of the dispatch algorithm for all taxis and all potential customers, 
simulation run-times are significantly higher than runs without the carpooling robotaxi module 
enabled. This additional run time needs to be considered in terms of project deadlines. If mode 
shift impacts between carpooling robotaxis and public transport are not included, run times are 
significantly shorter. 

3.5.3 Key inputs for scenario runs 
The following input specifications are required for this module, depending on whether mode 
shift impacts are included: 

• The percentage of car drivers and/or public transport drivers who switch to carpooling (if
mode shift impacts are included); or

• The marginal utility of travel time for AVs based on the automated vehicles module
described in Section 3.2 (if mode shift impacts are included – please note this module must
be used in conjunction with the automated vehicles module in this instance).

Additional specifications include: 

• Fare elements (time, distance, flagfall, subscription);
• The size of the carpooling robotaxi fleet21;
• Initial distribution of carpooling robotaxis at the beginning of the day.
• The maximum number of pickups/dropoffs per carpooling vehicle trip (e.g. 2 for a pooled

taxi, 4 for a small carpool van, 6 for a small carpool bus etc.). It is possible to split the fleet
to have various different vehicle sizes if required;

• Trip specific detour parameters. This is the added time that a carpool trip is allowed to take,
compared to a direct trip. The two parameters of trip specific detours are a factor (e.g. 20%
of the direct trip time) plus a constant (e.g. five minutes). Using the example parameters, if
a carpool trip is estimated to take longer than 120% of the direct trip time plus five
minutes, the carpool service would not accept the trip; and

• Maximum waiting time for carpool vehicles.

Differential fares (e.g. by demographic characteristics or location) can be implemented with 
some additional coding.  

21 Based on advice from the Technical University of Berlin from experience in other cities, the fleet size is expected to be 10-15% of the 

private vehicle fleet the shared fleet is replacing. 
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3.6 Public transport access and egress 
The 2017 version of the MABM allows people to access and egress by walking for bus, train 
and tram. In addition, people are able to use cars to access train services subject to availability 
of a car and parking capacity at train stations. This module extends that functionality to also 
allow access to train stations by robotaxis or carpooling vehicles when used in conjunction with 
those modules as described in Sections 3.4 and 3.5 respectively. 

Access and egress modes are independent from each other, so the selected access mode has 
no influence on the selection of the egress mode. For example, a user can access a train 
station near home by robotaxi and then walk from the train station near their destination to the 
final destination. 

3.6.1 What the module enables 
The module enables the following potential impacts of public transport access and egress by 
robotaxi or carpooling vehicles to be estimated: 

• Traffic network impacts (speed and flow); and
• Behavioural impacts, including travel mode and time of day.

It is expected that relative to traditional ICE vehicles (all else being equal), mass take-up of 
public transport access and egress by robotaxi or carpooling vehicles would lead to: 

• A mode shift towards public transport and away from car, reflecting the improved
convenience of being able to access train stations by robotaxis or carpooling vehicles22;

• Potential reduced road congestion due to the mode shift away towards high capacity public
transport; and

• Additional road congestion in the areas around train stations due to the additional road-
based trips and empty running of carpooling robotaxis in between fares.

3.6.2 Limitations 
This module only allows robotaxis or carpooling vehicles to be used at the beginning and/or end 
of a public transport trip. It does not allow travel on multiple public transport rides with a 
robotaxi ride in between (e.g. walk, bus, robotaxi, train, and walk).  

Wait and travel times of carpooling services are unpredictable in advance, so the module uses a 
rough estimate based on straight line distances for initial route selection. For that reason, it 
does not always return the optimal combination of start and end public transport stops (e.g. 
because the ideal public transport stop may be further away but easier to reach by robotaxi). 
This is not expected to materially impact model outcomes. 

3.6.3 Key inputs for scenario runs 
No specifications are required for this module, except to specify whether the module should be 
activated or not. It must be used in conjunction with either the robotaxi or carpooling module. 

22 Please note the robotaxis or carpooling vehicles may alternatively be used to travel directly to the destination, so depending on the 

level of underlying congestion, mode shift may not always be towards public transport.  
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4 Summary and next steps 
This report details the work that has been completed for the MABM to prepare a reference 
scenario for 2046 and to incorporate appropriate AZEVIA model functionality. Based on the 
information provided in this report, and key assumptions as agreed with IV, KPMG believe that: 

• The 2046 reference scenario is fit for purpose as a basis of comparison for the alternative 
scenarios relating to AVs, ZEVs and car ownership models described in Table 1 in Section 
1.1 of this report. 

• The six new MABM modules are working as intended and are fit for purpose for estimating 
the impacts of the aforementioned alternative scenarios in the context of the 2046 
reference scenario. 

 
The next step is to undertake scenario runs corresponding to alternative scenarios and input 
assumptions as defined by IV. The specifications and results of these scenario runs will be 
described in a subsequent report. 
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Appendix A: Melbourne in 2046 

Inputs of the MABM 
Population and employment 
Data sources 

The 2046 synthetic population was generated in the same way as the 2015 synthetic 
population. The methodology is described in the MABM Calibration and Validation Report23. 
There are two changes to the input data sources, which are summarised below: 

• The 2015 Victoria in Future and Victorian Government’s Small Area Land Use Projections
(SALUP) are replaced with the 2046 equivalent. This accounts for expected growth in
population and employment as well as changes in the demographic profile.

• The distribution of work activities is modelled using a synthetic version of the ABS Census
2016 Method of Travel to Work (MTWP) data. This is done in order to model the distribution
of work trips in future years in the absence of Census data. The synthetic data applies
growth adjustments to the 2016 observed based on a gravity model and 2046 demographic
projections.

All parameter values used in MABM remain unchanged between 2015 and 2046. This means 
that all monetary costs such as vehicle operating costs, fares, fuel and parking are assumed to 
stay constant in real terms.  

23 KPMG and Arup (2017), Model Calibration and Validation Report, Available from https://goo.gl/dZdfwJ. 
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Network change assumptions 
This Section documents the high level assumptions in the 2046 Reference Case surrounding 
the timing and inclusion of projects. To maintain consistency with the VITM, many of the 
network assumptions used in the MABM align with the VITM Reference Case.  The Reference 
Case is a suite of assumptions, interventions and future trends agreed across the transport 
portfolio, in relation to inputs required by the VITM. 

Road 
Table A.1: Road reference case assumptions 

Road Project Additional notes where necessary 

Level Crossing Removals Original 50 level crossing removals 

Mordialloc Bypass  

Outer Suburban Arterial Road 
Upgrades 

Includes Northern, South Eastern and Western Packages 

West Gate Tunnel  

Westall Road Extension  

CityLink Tulla Widening  

M80 Ring Road Upgrades  

Monash Freeway Upgrades  

North East Link DEDJTR Reference Case version – not necessarily reflective of the 
project described in the North East Link Business Case 

Outer Metropolitan Ring Road Both sections 

East-West Link The reference case assumes that only the Eastern section is 
operational in 2046. 

M80 Ring Road Upgrades  

Monash Freeway Upgrades  

Calder Freeway Upgrades  

Tullamarine Freeway 
Extension 

 

Numerous upgrades to existing arterial roads and new connections in growth areas 

Source: DEDJTR. Transport Modelling Reference Case, Model Inputs and Parameters v1.08, VITM. 
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Rail 
Table A.2: Rail reference case assumptions 

Rail Project Additional notes where necessary 

Melbourne Metro Rail Tunnel 
Includes High Capacity Metro Train (HCMT) procurement and 
fleet cascade 

Cranbourne Pakenham Line 
Upgrade 

 

Cranbourne Line Duplication   

Melton Duplication and 
Electrification 

 

Hurstbridge Duplications Both duplications included in Reference Case 

Mernda Extension Including two additional stations between South Morang and 
Mernda stations 

Upfield Link  

Sunshine to Deer Park 
Quadruplication 

 

Wallan Extension  

10-car HCMT roll-out  

Wyndhamvale Extension 
Extension of Werribee line between Werribee and 
Wyndhamvale station 

City Loop Reconfiguration Creation of through Metro lines between Northern Group and 
Burnley/Frankston Groups. 

Melbourne Airport Rail Link Alignment which branches of Sunshine to Dandenong Corridor 
at Sunshine station 

Rowville Rail Extension  

Clyde Rail Extension  

Altona Loop Duplication  

Melbourne Metro 2 – Clifton Hill to 
Newport rail tunnel 

Includes branch of Hurstbridge line from Wollert to Lalor 

Numerous upgrades to regional services 

Source: DEDJTR. Transport Modelling Reference Case, Model Inputs and Parameters v1.08, VITM. 

Note: On request from IV, the Doncaster Rail Line has been removed from the DEDJTR Reference Case. 
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Tram and Bus 
Table A.3: Tram and bus reference case assumptions 

Project Additional notes where necessary 

Upgrades to tram lines associated 
with the Melbourne Metro legacy 
tram network 

Outlined in the Melbourne Metro Concept of Operations 

Next Generation Tram Upgrades Increased number and capacity of trams 

E-gate tram extensions    

Route 82 extension to Maribyrnong 
Defence Site 

 

Route 48 extension to Doncaster  

Route 3 extension to Malvern East 
Station 

 

Route 5 extended to Footscray via 
Dynon Rd 

 

Removal of Skybus Assumed as part of Melbourne Airport Rail Link 

Replacement of the Eastern Freeway 
DART services with Doncaster BRT 
services running on a dedicated 
busway along the Eastern Freeway 

This includes increasing the frequency of service, increasing 
the speeds of the buses while on the busway, adding park and 
ride bus stations at Chandler Highway, Burke Road and 
Bulleen Road, and a connector bus between Victoria Park 
station and the University of Melbourne. 

Connections to new train stations  

Numerous enhancements to growth area bus service coverage and frequencies 

Source: DEDJTR. Transport Modelling Reference Case, Model Inputs and Parameters v1.08, VITM. 

Note: On request from IV, the Doncaster BRT services have been added to the DEDJTR Reference Case. 

Work location synthesis 
In order to model the distribution of work trips in future years it is necessary to estimate the 
change in trip distribution since the most recent available Census data from 2011. Worker 
demand in 2046 is generated using SALUP (small area land use planning) projections and 2011 
ABS Census Method of Travel to Work (MTWP) data. Synthetic distributions of work trips for 
2015 and 2046 are estimated using a custom gravity models calibrated to 2015 data. The 
synthetic distributions are then used to pivot off the observed MTWP data to provide the 2046 
distribution of work trip projections. This methodology is described in more detail below. 

Trip generation 

The synthetic gravity model trip distribution require trip production and attraction factors for 
each SA2. These were calculated using 2011 MTWP data and SALUP 2015 demographics. 
These factors represent respectively the number of people who travel to work per person who 
lives in the SA2, and the number of people who travel to work per job in the SA2.  

The production factor for each SA2 is given by the ratio of MTWP trips by origin (i) to working 
age population, where working age population is defined as persons aged 18-65. The attraction 
factor is given by the ratio of MTWP trips by destination (j) to SALUP employment. 

The definitions of the production factor and attraction factors are given in Table A.4. 

. 
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Table A.4: Production and attraction factors 

Factor Definition 

Production 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡,𝑖𝑖
𝑀𝑀𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃18−65

 

Attraction 
𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡,𝑗𝑗

𝐸𝐸𝐸𝐸𝑃𝑃𝑃𝑃𝑃𝑃𝐸𝐸𝐸𝐸𝐸𝐸𝑃𝑃𝑃𝑃𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡
 

Production attraction vectors were generated by applying the 2015 factors to the 2031 
demographics. Attractions were then normalised such that total attractions were equal to total 
productions. 

Trip distribution model 

A production (home) constrained gravity model was used to distribute work trips across 
Melbourne. The form of the model is described by Equation 2. 

 

(2) 𝑀𝑀𝑖𝑖𝑗𝑗 =
𝑀𝑀𝑖𝑖𝐴𝐴𝑗𝑗𝑓𝑓(𝑑𝑑𝑖𝑖𝑗𝑗)
∑ 𝐴𝐴𝑗𝑗𝑓𝑓(𝑑𝑑𝑖𝑖𝑗𝑗)𝑗𝑗

  

where: 

Pi = number of productions at origin SA2 i 

Aj = number of attractions at destination SA2 j 

f(dij) = friction factor, dependant on network distance between zone i  and j 

 

Matrix balancing 

The gravity model uses a negative exponential friction function to represent the impedance 
between each pair of SA2s. The network distance in kilometres between the centroid of each 
SA2 used as the measure of impedance. The friction function is described by Equation 3. 

(3) 𝑓𝑓(𝑑𝑑𝑃𝑃𝑑𝑑𝑃𝑃𝑃𝑃𝑃𝑃𝑑𝑑𝐸𝐸) = 𝐸𝐸−λ∗distance  

 

An initial trip matrix was generated using a value of λ = 1. The initial trip matrix is balanced 
iteratively until convergence. 

The gravity model was calibrated by finding the value of λ such that the sum of squared 
difference between the modelled trips and MTWP total for each SA2 OD pair is minimised. This 
process yielded a parameter value for λ of 0.1. 

Pivoting off observed data 

The synthetic trip distributions produced by the gravity model were used to grow the observed 
MTWP data using a pivot model method developed by RAND Corporation24 shown in Table A.5.  

                                                           
24 Fox, J., Daly, A., & Patruni, B. (2012). Enhancement of the pivot point process used in the Sydney Strategic Model. Available from: 

https://goo.gl/8gP4qn. 
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Table A.5: RAND Pivot methodology to create future trip distributions (P) 

Observed Base 
(B) 

Synthetic Base 
(Sb) 

Synthetic Future 
(Sf) 

Adjusted Future 
(P) 

0 0 0 0 

0 0 >0 Sf 

0 >0 0 0 

0 >0 
0<Sf<X1 Normal growth 0 

>X1 Extreme growth Sf – X1 

>0 0 0 B 

>0 0 >0 B + Sf 

>0 >0 0 0 

>0 >0 
0<Sf<X2 Normal growth B. Sf / Sb 

>X2 Extreme growth B.X2 / Sb + (Sf – X2) 

 

For the purposes of these calculations zero is defined as 10-3. 

The definitions for X1 and X2, using parameters k1 and k2, are given by: 

 𝑋𝑋1 = 𝑘𝑘2 ∙ 𝑆𝑆𝑏𝑏 

 𝑋𝑋2 = 𝑆𝑆𝑏𝑏 ∙ �𝑘𝑘1 + 𝐸𝐸𝑃𝑃𝑚𝑚 �𝑘𝑘2 ∙ 𝑆𝑆𝑏𝑏 𝐵𝐵� , 𝑘𝑘1�� 

where:  k1 = 0.5, k2 = 5.0 

The use of the pivot method described above results in the projected 2046 trip distribution 
retaining  a more similar shape to the observed 2015 trip distribution than the fully synthetic 
gravity model trip distribution. 

Exogenous demand 
Base and future year assumptions around the freight demand, airport demand and external 
public transport demand were held consistent with the VITM Reference Case.  This includes 
details on the volume of demand, its distribution across the day and its geographic location. 

External car demand (regions outside of metropolitan Melbourne), for the 2031 MABM was 
held consistent with the 2031 VITM Reference Case. However, the external car demand for the 
2046 MABM was generated using VicRoads traffic count data from 2015 and applying future 
growth rates derived from historic growth rates observed from the VicRoads data. Analysis of 
the VicRoads data indicated that the five highest volume external connecting roads contribute 
approximately 90% of the external data. Therefore, the external car demand is only calculated 
for the five highest volume sites. 

The trip distribution for external car demand was calculated using a gravity model calibrated to 
VISTA (Victorian Integrated Survey of Travel and Activity) data observations of car trips between 
the Greater Geelong region and Melbourne.  

Figure A.1 shows the trip length distribution of car demand from the Geelong Road (Princes 
Freeway) external point. This indicates that the recalibrated MABM trip length distribution is a 
better match to the observed VISTA data than the VITM external car demand.  

Figure A.2 shows that the recalibrated external car trips for the 2046 MABM produce generally 
shorter external car trips compared to the 2046 VITM external car trip projections. 
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Figure A.1:  External car trip lengths from Geelong Road (Princes Freeway) 
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Source: MABM 

Figure A.2: External car trip lengths from the five largest external points 
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Detailed results 
The performance of the MABM in 2046 is assessed by comparing the model behaviour against 
the validated 2015 model and the 2031 MABM. As detailed in MABM Validation Report, the 
2015 model emulates observed patterns of demand and activity; this Section compares the 
performance of the 2046 MABM to the 2015 model and 2031 model. 

The 2046 MABM uses the same benchmark model as the 2015 MABM and 2031 MABM with 
modifications to the demand and network based on projected changes in population, land use 
and infrastructure. Aside from these changes, the patterns of population and activity are 
comparable between the two models.  

Trips by activity 
Activity start times 

Figure A.3 through Figure A.6 show the distribution of activity start times in MABM 2015 2031 
and 2046. In all cases, the distribution is nearly identical in the three modelled years. This 
demonstrates that the 2046 MABM is performing as expected, given that activity patterns are 
generated in the same way for all years. 

Figure A.3: Activity start time – Work – in 2015, 2031 and 2046 
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Source: MABM 
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Figure A.4: Activity start time – School – in 2015, 2031 and 2046 
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Source: MABM 

Figure A.5: Activity start time – Business – in 2015, 2031 and 2046 
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Figure A.6: Activity start time - Other activities (shopping, leisure, social) – in 2015, 2031 and 2046 
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Source: MABM 

 

Activity durations 

Figure A.7 to Figure A.10 show the distribution of activity start times in MABM 2015, 2031 and 
2046. In all cases, the distribution is nearly identical in the three modelled years. This 
demonstrates that the 2046 MABM is performing as expected, given that activity patterns are 
generated in the same way for all model years. 
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Figure A.7: Activity duration – Work – in 2015, 2031 and 2046 

 
Source: MABM 

Figure A.8: Activity duration – School– in 2015, 2031 and 2046 

 
Source: MABM 
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Figure A.9: Activity duration – Business– in 2015, 2031 and 2046 

 
Source: MABM 

Figure A.10: Activity duration – Other (shopping, leisure, social) – in 2015, 2031 and 2046 

 
Source: MABM 
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Activity frequency 

Activity frequency is the average number of occurrences of an activity per person. The 
frequency of activities in MABM is generated based on daily activity plans from VISTA.  

The distribution of activity frequency in MABM 2046 is compared against 2015 and 2031for key 
activities in Table A.6. With the exception of University/TAFE, the number of activity 
occurrences per person decreases slightly in 2031 and 2046. The frequency of work decreases 
the most of any activity. These small shifts are the result of demographic changes between the 
modelled years; for example an ageing population is expected to cause the frequency of work 
trips to decline as the proportion of retirees in the population increases. 

Table A.6: Activity occurrences per person in 2015, 2031 and 2046 

Activity type MABM 
2015 

MABM 
2031 

MABM 
2046 

% Change 
2015-2031 

% Change 
2031-2046 

Home 0.32 0.32 0.31 -0.1% -0.2% 

Work 0.42 0.39 0.46 -0.4% 1.1% 

Business 0.09 0.08 0.08 -0.3% -0.2% 

School 0.13 0.13 0.12 0.0% -0.6% 

University TAFE 0.02 0.02 0.02 -0.6% -0.9% 

School Pickup/Drop-off 0.15 0.15 0.14 -0.2% -0.5% 

Other 0.91 0.91 0.89 0.0% -0.1% 

Source: MABM 

 

Travel distance to activity location 

As in the 2015 model, travel distance between most activities in MABM are assigned to agents 
based on survey responses from VISTA. Each trip in VISTA has a corresponding travel distance, 
which is used in MABM to assign locations to all activities with the exception of Home and 
Work. Trips between home and work are based on the gravity model and pivot method 
described above which replaces the Census data used in the 2015 model. 

Figure A.11 to Figure A.15 show the distribution of activity start times in MABM 2015, 2031 
and 2046. For all cases except Home – Work trips in 2031, the distance distribution is virtually 
identical in 2015, 2031 and 2046. The distribution for work trips produced for 2031 using the 
gravity model tends to understate the prevalence of commuting trips shorter than 10km and 
overstates the prevalence of trips between 10km and 30km. For 2046, a pivot method was 
used, which uses the gravity model results to pivot off observed data. An explanation of this 
method is located in the previous Work location synthesis section of this Appendix. Using the 
pivot method improved the representation of trip distribution for Home to Work trips for 2046. 
The differences between the 2015 work trip length distribution and projections for 2046 work 
trip lengths are due to the projection of an increase in separation between population and jobs 
between 2015 and 2046. 
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Figure A.11: Distance distribution – All activity types – in 2015, 2031 and 2046 

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0k
m

5k
m

10
km

15
km

20
km

25
km

30
km

35
km

40
km

45
km

R
el

at
iv

e 
Fr

eq
ue

nc
y

Distance

2015 2031 2046
 

Source: MABM 

Figure A.12: Distance distribution – Home to Work– in 2015, 2031 and 2046 
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Source: MABM 
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Figure A.13: Distance distribution – Home to Other – in 2015, 2031 and 2046 
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Source: MABM 

Figure A.14: Distance distribution – Home to School – in 2015, 2031 and 2046 
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Figure A.15: Distance distribution – Work to Business – in 2015, 2031 and 2046 
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Where we travel  
Figure A.16 to Figure A.21 summarise the demand for travel to and from the Melbourne CBD 
and Plan Melbourne’s National Employment and Innovation Clusters (NEICs). 
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Figure A.16: Travel demand to and from Melbourne’s CBD in 2015, 2031 and 2046 
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Source: MABM 

Figure A.17: Travel demand to and from Monash NEIC in 2015, 2031 and 2046 
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Figure A.18: Travel demand to and from Dandenong NEIC in 2015, 2031 and 2046 
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Source: MABM 

Figure A.19: Travel demand to and from Sunshine NEIC in 2015, 2031 and 2046 
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Figure A.20: Travel demand to and from Parkville NEIC in 2015, 2031 and 2046 
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Source: MABM 

Figure A.21: Travel demand to and from Latrobe NEIC in 2015, 2031 and 2046 
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Road network  
Road travel times and the long tail effect 

As in the case of the 2015 and 2031 models, travel times in the 2046 MABM are subject to a 
‘long tail’, as a small proportion of agents get stuck in bottlenecks for extended periods of time. 
Figure A.22 shows the cumulative distribution of travel times in all modelled years. Importantly 
the proportion of trips with very high travel times (greater than 100 minutes) is lower in 2046 
compared with both 2015 and 2031. This suggests that the 2046 MABM does not suffer from 
the ‘long tail’ to the same extent as the 2015 and 2031 models. Improvements in the modelling 
of external, freight and airport demand in 2046 are likely responsible. These trips have been 
more realistically dispersed in the 2046 which reduces the tendency for bottlenecking on the 
road network. 

Figure A.22: Cumulative travel time distribution in 2015, 2031 and 2046 
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Public Transport 
Train station entries & CBD cordon loads 

Table A.7 to Table A.9 show the change in train patronage in the 2015, 2031 and 2046 models.  

Table A.7: Modelled cordon loads - Morning Inbound - 2015, 2031 and 2046 

Morning Inbound MABM 
2015 

MABM 
2031 

MABM 
2046 

CAGR 
2015-2031 

CAGR 
2015-2046 

Northern 41,384 55,512 87,504 1.9% 2.4% 

Clifton Hill 23,452 41,612 28,872 3.6% 0.7% 

Burnley 32,856 37,404 81,792 0.8% 3.0% 

Caulfield 43,136 38,980 71,604 -0.6% 1.6% 

Melbourne Metro (Domain) - 19,324 39,848 - - 

Melbourne Metro (Arden) - 27,032 36,788 - - 

Total 140,828 219,864 346,408 2.8% 2.9% 

Source: MABM 

 

Table A.8: Modelled cordon loads - Afternoon Outbound - 2015, 2031 and 2046 

Afternoon Outbound 
MABM 

2015 
MABM 

2031 
MABM 

2046 
CAGR 

2015-2031 
CAGR 

2015-2046 

Northern 47,832 61,792 96,668 1.6% 2.3% 

Clifton Hill 22,444 43,128 24,904 4.2% 0.3% 

Burnley 30,280 37,388 82,684 1.3% 3.3% 

Caulfield 39,832 34,380 60,716 -0.9% 1.4% 

Melbourne Metro (Domain) - 19,876 35,456 - - 

Melbourne Metro (Arden) - 32,944 42,064 - - 

Total 140,388 229,508 342,492 3.1% 2.9% 

Source: MABM 
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Table A.9: Modelled station entries in 2015, 2031 and 2046 

24hr Period MABM 2015 MABM 2031 MABM 2046 
CAGR 2015-

2031 
CAGR 2015-

2046 

Burnley 118,780 180,752 386,796 2.7% 3.9% 

Caulfield 165,000 300,768 598,748 3.8% 4.2% 

Clifton Hill 111,476 222,252 319,596 4.4% 3.5% 

Inner Core 250,512 444,464 850,644 3.6% 4.0% 

Northern 154,744 323,948 697,580 4.7% 5.0% 

Total 800,512 1,472,184 2,853,364 3.9% 4.2% 

Source: MABM 
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Bus and Tram boardings 

Table A.10 shows a comparison of modelled tram boardings in 2015, 2031 and 2046. Total tram 
boarding are projected to grow faster than projected population growth between 2015 and 
2046. 

Table A.10: Modelled tram boardings in 2015, 2031 and 2046 

24hr Period MABM 2015 MABM 2031 MABM 2046 CAGR 2015-
2031 

CAGR 2015-
2046 

CBD 147,256 234,392 282,868 2.9% 2.1% 

Docklands 11,696 30,552 116,476 6.2% 7.7% 

East 49,136 72,036 75,996 2.4% 1.4% 

Inner North-West 33,132 50,300 128,304 2.6% 4.5% 

Inner South-East 62,276 84,076 119,112 1.9% 2.1% 

Inner-East 56,112 105,588 91,188 4.0% 1.6% 

Inner-North 49,376 74,392 76,636 2.6% 1.4% 

North 14,728 26,920 34,784 3.8% 2.8% 

North-West 6,112 11,336 12,112 3.9% 2.2% 

South 35,912 60,220 114,236 3.3% 3.8% 

South-East 37,404 68,336 91,424 3.8% 2.9% 

Total 503,140 818,148 1,143,136 3.1% 2.7% 

Source: MABM 

 

Table A.11 shows a comparison of modelled bus boardings in 2015, 2031 and 2046. Total bus 
boardings are projected to grow faster than projected population growth between 2015 and 
2046. 
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Table A.11: Modelled bus boardings in 2015, 2031 and 2046 

24hr Period MABM 2015 MABM 2031 MABM 2046 
CAGR 2015-

2031 
CAGR 2015-

2046 

Inner Metro 53,624 101,568 157,112 4.1% 3.5% 

Inner South East 41,800 91,840 149,952 5.0% 4.2% 

Mid Northern 49,164 86,124 118,736 3.6% 2.9% 

Mid Eastern 88,880 167,116 264,844 4.0% 3.6% 

Mid South East 44,228 108,224 185,968 5.8% 4.7% 

Mid Western 35,276 94,116 130,348 6.3% 4.3% 

Outer Northern 56,964 123,784 133,088 5.0% 2.8% 

Outer Eastern 5,244 7,640 13,056 2.4% 3.0% 

Southern 17,676 71,460 103,560 9.1% 5.9% 

Outer Western 37,560 155,392 235,188 9.3% 6.1% 

Outer North West 8 2,220 3,780 42.1% 22.0% 

Total 430,424 1,009,484 1,495,632 5.5% 4.1% 

Source: MABM 
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User profiles  
Profiling users in MABM 
A key strength of the MABM is the ability to model and interrogate the travel behaviour of 
individual agents. The detailed synthetic population used in MABM allows a more detailed 
understanding of the characteristics of trip-makers than would be possible using aggregated 
demographic data alone. MABM’s 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). By linking each person in a MABM population to their entry in VISTA, we 
can make inferences about the specific demographic makeup of selected subpopulations. 

The new reporting module built into the MABM enhances the ability to query users of specific 
infrastructure and services. The existing functionality in MABM that allows for detailed 
demographic breakdowns of car users has been extended to allow interrogation of any available 
mode and public transport sub-mode that exists in the model.  

In this section, we demonstrate the functionality of the new reporting module by applying it to 
the existing public transport modes in the 2046 scenario year. The new functionality is fully 
applicable to automated vehicle scenarios and can be used to analyse the demographic profile 
of AV users in scenarios with private AVs and robotaxis. 

What we can do?  
The reporting module can now record detailed information about the activities and the travelled 
legs undertaken by each individual in the simulation. This now includes a detailed list of every 
link, stop and vehicle used in each leg of a person’s journey.  

With this information, the ability to analyse user groups is extended from road users to users of 
any arbitrary set of vehicles, stations, or line group; including by: 

• Mode, e.g. car, public transport, robotaxi; 
• Sub mode, i.e. bus, train and tram; and 
• Line grouping, e.g. train line group, tram region. 

The demographic information, contained in the MABM population and in VISTA, allows analysis 
of the following variables: 

• Purpose of trip; 
• Age; 
• Income; 
• Main activity (as defined in VISTA); and 
• Occupation (according to ANZSCO25 level 1). 

What does it look like?  
Demographics of mode choice 

In this Section we present selected demographic comparisons from MABM 2046. The choices 
that individuals make with respect to transport mode vary with their demographics. Figure A.23 
illustrates the increasing propensity to use car as people get older. Each bar shows the relative 
utilisation of each motorised mode, i.e. how many people in the particular age group are using 

                                                           
25 Australian and New Zealand Standard Classification of Occupation. 
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each mode. Note that if a person uses multiple modes they would be counted once in each 
category. 

In general, car utilisation increases with age. People over 65 are much more likely to use car 
than public transport. This in part reflects the activities of older age groups, which are less 
centralised and more likely to occur outside the peaks. It also reflects the location decisions of 
older people, who are less likely to live in areas that are well serviced by public transport. 

Figure A.23: Modelled utilisation of motorised modes by age group in 2046 
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Figure A.24 shows how mode preference varies with income. The lowest income groups are 
the most car reliant. This is despite lower income groups usually having lower marginal utility of 
time, which would make them more likely to choose public transport over car, all else being 
equal. This phenomenon reflects the geographical distribution of income groups across 
Melbourne, where low income people often live in areas where public transport is less 
accessible. 
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Figure A.24: Modelled utilisation of each mode by income group in 2046 
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Figure A.25 shows how mode choice varies with main activity (as defined by VISTA). People 
who go to university or work as their main activity rely on cars the least, whereas people who 
are retired or keep house as their main activity rely on cars the most. 

Public transport can be an attractive option for those who need to travel in peak times when 
road congestion is most acute. For workers who need to be at their jobs on time, shifting their 
time of departure may not be a viable option whereas using the train provides an attractive 
alternative to peak hour traffic. 

People who are retired or unemployed may have fewer constraints on their schedule and are 
thus able to choose to drive at a time with less road congestion. 
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Figure A.25: Modelled utilisation of each mode by main activity of traveller 
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Trip characteristics of select services 

In addition to examining the demographics of certain users, it is now possible to query the 
characteristics of trips that are undertaken on specific sub modes and service groups. 

Rather than treating public transport as a whole, trip lengths of train, bus, and tram trips can be 
compared. Figure A.26 shows the average trip distance for each of the public transport 
categories and car, where trip length is the door-to-door network distance between two 
activities. Train trips cover the longest distance, closely followed by bus. Both are on average 
more than twice as long as car. 

Figure A.26: Average trip distance by mode 
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While train trips cover a longer distance, bus trips are longer in terms of duration as Figure A.27 
illustrates. In both distance and duration, tram trips are the shortest of any of the public 
transport sub modes but are still cover a significantly longer distance than the average car trip 
and about 2.5 times longer in duration. 

Figure A.27: Average trip time by mode 
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It is also possible to examine selected service groups within a sub mode. As an example, 
Figure A.28 shows the variation in trip purpose for users travelling on each of Melbourne’s rail 
line groups plotted as a radar chart. Each point in the pentagon represents one of the line 
groups, which are laid out roughly according to their geographic position. 

It is immediately apparent that work is the dominant purpose for which the weekday rail 
network is used; work trips make the majority of trips on all line groups and 76% in the Inner 
Core, compared to 60% on the Burnley group. The Caulfield line group has the highest 
proportion of education trips at almost 10% compared to 6% in the inner core. 

Figure A.28: Trip purpose by rail line group 
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Appendix B: AZEVIA model 

extensions testing 
This Appendix describes a set of tests which were undertaken to test the modules and 
demonstrate that they are working as intended. All tests were conducted using the 2015 
baseline MABM as a base scenario.  

Please note that due to the small sample sizes in these scenarios, the exact magnitude of 
results are not reliable. The test scenarios aim to provide the direction of the results, as well as 
a broad indicator of the extent of the results, rather than a specific outcome. The purpose of 
the test runs is to demonstrate that the modules are working as intended. 

Interaction of modules 
Overview of modelling process and interactions 
The six modules interact with each other as depicted in Figure B.1. The current MABM can be 
used directly with the AV module to simulate the impacts of privately owned AVs on network 
performance. All of the modules can be used in conjunction with any of the others, with the 
exception of robotaxis and carpooling, which cannot be used together. However, single pick-up 
robotaxis can be simulated directly in the carpooling module in conjunction with multiple pick-
up (carpooling) robotaxi services. 

Figure B.1: Interaction of the modules in use 
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Summary of extensions 
Table 9: Summary of extensions 

Module Inputs Assumptions 

Zero 
emissions 
vehicles 

• Perceived vehicle operating costs on a 
per kilometre basis; and 

• The rate of emissions (CO2, NOX) per 
kilometre. 

The MABM assumes that vehicle 
operating costs are incurred on a per 
kilometre basis. This is a simplification, 
as in reality energy consumption varies 
by speed and road surface type in 
addition to distance. 

Automated 
vehicles 
(AVs) 

• Flow capacity increase ratio for AVs 
(e.g. 1.5, 2.0) 

All roads are assumed to have the same 
change in flow capacity for dynamic 
simulation. Alternatively, flow capacities 
can be modified directly if different flow 
capacities by road type are required. 

Empty 
running for 
private AVs 

• No specifications are required for this 
module, except to specify whether the 
module should be activated or not. 

The MABM has some simplifying 
assumptions relating to parking costs. 
The MABM parking assumptions are 
described in the MABM Calibration and 
Validation report26. 

Robotaxi • Percentage of drivers/PT users 
switching (if mode switching is not 
used OR marginal utility of travel time 
savings if it is used 

• Fares and structure (time, distance, 
flagfall, subscription prices) 

• Robotaxi fleet size 
• Initial distribution of robotaxi fleet 

This module only allows one set of 
passengers per vehicle. For analysis with 
multiple pick-up/drop-offs of passengers 
per trip, use the carpooling module 
instead. The recommended dispatch 
algorithm works in a similar way to 
existing taxi/uber dispatch algorithms.  

Carpooling • Percentage of drivers/PT users 
switching (if mode switching is not 
used OR marginal utility of travel time 
savings if it is used 

• Fares and structure (time, distance, 
flagfall, subscription prices) 

• Carpooling fleet size 
• Initial distribution of carpooling fleet 
• Vehicle capacity distribution (e.g. 25% 

single, 50% 2 person, 25% 3 person) 
• Trip distance factor (e.g. direct, 

circuitous) 
• Maximum waiting time 

Similar to the above. 

Public 
transport 
access and 
egress 
module 

• Modes available for access/egress (e.g. 
carpooling, robotaxi, walk, park and 
ride). 

• Others relevant for the modes that 
have been chosen (e.g. see 
carpooling). 

This module allows public transport users 
to try switching to other modes (e.g. 
robotaxi) for accessing a public transport 
interchange (e.g. train station). 

                                                           
26 KPMG and Arup (2017), Model Calibration and Validation Report, Available from https://goo.gl/dZdfwJ. See Section 4.1.3. 
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Zero emission vehicles 
The ZEV module allows the simulation of the effects of changes in perceived operating costs 
on travel behaviour, as well as the per kilometre emissions for different vehicle types. This 
functionality was part of the MABM developed in 2017, and the functionality was tested and 
demonstrated at that time. For more information, please refer to Section 5.7 of the MABM 
validation report27. 

Automated vehicles 
The Automated vehicles module allows the simulation of the effects of increased flow 
functionality of AVs. 

Tests 
To demonstrate the functionality of the module, two test runs were conducted using a sample 
size of 5 percent. The base case is a scenario without any AVs, whereas in the policy case a 
random half of the population was equipped with an AV. It is assumed that an AV performs 
twice as well in terms of flow capacity relative to a CDV. The most important characteristics of 
both scenarios are summarised in Table B.2. 

Table B.2: Characteristics of automated vehicles module test run 

Case Base case AV case 

Sample size 5% 5% 

Iterations 50 50 

AV share nil 50% 

AV flow factor N/A 2.0 

 

Results 
Please note that due to the small sample sizes in these scenarios, the exact magnitude of 
results are not reliable. The test scenarios aim to provide the direction of the results, as well as 
a broad indicator of the extent of the results, rather than a specific outcome. The purpose of 
the test is to demonstrate that the module is working as intended. 

Mode share 

Table B.3 shows that in the AV case, there is a slight shift towards car use and away from 
walking. This result demonstrates that the module works as intended.  

                                                           
27 KPMG and Arup (2017), Model Calibration and Validation Report, Available from https://goo.gl/dZdfwJ. 
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Table B.3: Mode share results from AV module test run 

 Car PT Other 

Base case 62.1% 28.5% 8.6% 

AV case 62.4% 28.7% 8.2% 

Note: Other category includes bike, walk and “other” modes, while car category includes both 
car drivers and car passengers. 

Traffic flow 

Figure B.2 and Figure B.3 compare the volume of vehicles on links at peak times in the AV case 
compared to the base case, during peak driving times. The figures show that at peak times, 
arterial road volumes are significantly higher in the AV case, while link volume changes on other 
roads are relatively small. The direction of results demonstrates that the module works as 
intended, by increasing link volumes in line with the more efficient behaviour of AVs compared 
to CDVs. The limited storage capacity of smaller roads is the main reason behind the relatively 
small changes, as AVs and CDVs consume the same storage capacity (i.e. they are the same 
size). 

Figure B.2:  Change in link volumes during morning peak time (8:00am) between cases 

 
Source: MABM 
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Figure B.3: Change in link volumes during afternoon peak time (5:30 pm) between cases 

 
Source: MABM 

 

Travel times 

Figure B.4 summarises the average travel times (regardless of transport mode) over the day in 
both cases. As the figure shows, travel times are reduced at all times of the day when AVs are 
introduced. Changes in trip times are smaller in the period from midnight to 7am, since fewer 
cars are on the road, and thus flow capacity of roads becomes less important. This result 
demonstrates that the module works as intended. 
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Figure B.4: Average travel time of trips, all transport modes 
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Travel speeds 

Figure B.5 summarises the average travel speeds (regardless of transport mode) over the day 
in both cases. As the figure shows, travel speeds are higher at all times of the day when AVs 
are introduced. Changes in speed are smaller in the period from midnight to 7am, since fewer 
cars are on the road, and thus flow capacity of roads becomes less important. This result 
demonstrates that the module works as intended. 
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Figure B.5: Average travel speed of trips, all transport modes 
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VKT 

The total vehicle kilometres travelled (VKT) in the AV module is negligibly different from the 
base case. This is because the AV module mostly models a shift from CDV use to AV use, with 
very little change in mode share from public transport and other modes to cars. 

Extreme Scenario 

To demonstrate the functionality of the module under extreme situations, an all AV scenario 
was also tested. In this, the flow factor of AVs is increased to 20.0. This leads to a further 
decrease in travel times. Another notable result of this extreme scenario is that congestion 
results only from the lack of storage on links (i.e., there is no physical space left for vehicles to 
move to the next link). This result demonstrates that the module works as intended. 

Empty running for private AVs 
The empty running for private AVs module allows private AV owners to avoid parking charges 
by sending their cars home to park where feasible. 

Tests 
A small 0.1 percent sample run was undertaken to demonstrate that the decision criteria is 
working as intended, and private AVs are returning home empty and then returning to the 
activity to collect their owners at the appropriate time. The key characteristics of the test are 
described in Table B.4. 
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Table B.4: Characteristics of the empty running for private AVs module 

Case Base case AV case 

Sample size 0.1% 0.1% 

Iterations 10 10 

AV share nil 100% 

 

Results 
A visualisation from the test run is shown in Figure B.6 and Figure B.7 for the morning and 
afternoon peak respectively. The behaviour is as expected, with empty AVs travelling in the 
counterpeak direction for both the morning peak (outbound from the CBD) and the afternoon 
peak (inbound to the CBD). This demonstrates that the module is working as intended, with 
vehicles travelling home empty, and then returning in the afternoon to pick up their owners 
from work. 

Figure B.6: Occupied and Empty AVs during the morning peak 

 
Source: MABM 

 

 

 

Vehicle occupancy – private AVs 

Occupied AV 
Empty AV 
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Figure B.7: Occupied and empty AVs during the afternoon peak 

 
Source: MABM 

Robotaxis 
With the robotaxi module, a fleet of non-pooled automated taxis are simulated. 

Tests 
To demonstrate the functionality of the module, two test runs were conducted using a 1 
percent sample size. The base case has no AVs or robotaxis, whereas in the policy case, an AV 
fleet of robotaxis is deployed in the network and may be picked by users. In the policy case 
scenario, all private cars are assumed to be CDVs. 

It is assumed that a robotaxi consumes only half the flow capacity as a CDV. The key 
characteristics of both scenarios are summarised in Table B.5, while robotaxi fare elements are 
shown in Table B.6. 

Table B.5: Characteristics of the robotaxi test scenarios 

Characteristics Base case Robotaxi case 

Sample size 1% 1% 

Iterations 50 50 

Robotaxi fleet nil 5,000 vehicles 

AV flow capacity factor N/A 2.0 (for robotaxi only) 

Mode choice dimensions Car, PT, walk Car, PT, walk, robotaxi 

Vehicle occupancy – private AVs 

Occupied AV 
Empty AV 
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Table B.6: Robotaxi module pricing 

Element of price Unit of pricing Robotaxi price Car price 

Flag fall Per Trip $0.50 $0.00 

Distance Per Kilometre $0.20 $0.176 

Time Per Second $0.01 $0.00 

Subscription Per Day $0.00 $0.00 

 

Results 
Please note that due to the small sample sizes in these scenarios, the exact magnitude of 
results are not reliable. The test scenarios aim to provide the direction of the results, as well as 
a broad indicator of the extent of the results, rather than a specific outcome. The purpose of 
the test is to demonstrate that the module is working as intended. 

Mode share 

Table B.7 summarises the mode share under the base case and robotaxi scenario. In the 
robotaxi scenario, the modal split of the robotaxi mode is 7.8 percent. The results suggest that 
most robotaxi users were previously using public transport, as this mode’s share drops from 
26.0 percent to 21.6 percent in the simulation. Car usage is reduced by two percentage points. 
These findings are within the expected range. 

Please note that due to the small sample sizes in these scenarios, the exact magnitude of 
results are not reliable. The test scenarios aim to provide the direction of the results, as well as 
a broad indicator of the extent of the results, rather than a specific outcome. 

 

Table 10 Mode shares in base case and robotaxi case 

 Car PT Robotaxi Other 

Base case 62.8% 26.0% 0.0% 11.2% 

Robotaxi case 60.8% 21.6% 7.8% 9.8% 

Source: MABM 

Please note: Other category includes bike, walk and “other” modes, while car category 
includes both car drivers and passengers. 

 

Traffic flow 

Robotaxis would lead to additional traffic due to, firstly, a modal shift by public transport users 
to robotaxis and secondly, additional empty trips of robotaxi vehicles. This would increase 
congestion on major roads, hindering flow capacity. 

Figure B.8 and Figure B.9 illustrate how this increase in traffic may be distributed across the 
whole network. According to the test scenario, arterial roads see the most significant increase 
in congestion.  
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Figure B.8: Change in link volumes during morning peak time (8:00am) between cases 

 
Source: MABM 

Figure B.9: Change in link volumes during afternoon peak time (5:30 pm) between cases 

 
Source: MABM 
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Travel times 

Figure B.10 summarises the average travel times (regardless of transport mode) over the day in 
both cases. As the figure shows, travel times are increased at the afternoon peak time when 
robotaxis are introduced, but are reduced at other times. This result demonstrates that the 
module works as intended. 

Figure B.10: Average time of trips, all transport modes 
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Source: MABM 

 

Travel speeds 

Figure B.11 summarises the average travel speeds (regardless of transport mode) over the day 
in both cases. As the figure shows, travel speeds are generally higher when robotaxis are 
introduced. This result demonstrates that the module works as intended. 
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Figure B.11: Average travel speed of trips, all transport modes 
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Source: MABM 

 

Vehicle Kilometres Travelled 

Table B.8 summarises the vehicle kilometres travelled for the base case and the robotaxi case. 
In the base case scenario, the total VKT is 106.7 million km, whereas in the robotaxi case, the 
total is 113.9 million km. The direction of results - towards higher VKT - demonstrates that the 
module works as intended. 

Please note that due to the small sample sizes in these scenarios, the exact magnitude of 
results are not reliable. The test scenarios aim to provide the direction of the results, as well as 
a broad indicator of the extent of the results, rather than a specific outcome. 

Table B.8: VKT in base case and robotaxi case 

Metric Base case Robotaxi case 

Car & PT VKT (km) 106.7M  102.9M 

Robotaxi VKT (km)  11.0M 

Total 106.7M 113.9M 

Source: MABM 

 

Extreme Scenario 

An extreme scenario has also been tested, where robotaxi usage is free of charge to agents. 
As expected, this leads to an increase in robotaxi rides. 
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Carpooling 
This module is similar to the robotaxi module, except that multiple customers can be picked up 
and dropped off during a single trip. 

Tests 
To demonstrate the functionality of the module, two test runs were conducted using a 1 
percent sample size. Once again, the base case has no AVs or robotaxis, whereas in the policy 
case, an AV fleet of pooled robotaxis is deployed in the network and may be picked by users. In 
this test scenario, private cars are assumed to be exclusively CDVs. 

It is assumed that a robotaxi consumes only half the flow capacity as a CDV. The key 
characteristics of both scenarios are summarised in Table B.9, whereas the pricing structure for 
the carpooling module is summarised in Table B.10. 

Table B.9: Characteristics of the carpool test scenarios 

Case Base case Carpool case 

Sample size 1$ 1% 

Iterations 20 20 

Robotaxi fleet nil 5,000 vehicles 

AV flow factor N/A 2.0 (for pooled robotaxis only) 

Carpooling capacity N/A 4 passengers 

Mode choice dimension Car, PT, walk Car, PT, walk, carpool 

 

Table B.10: Carpooling module pricing 

Element of price Unit of pricing Carpool Price Car Price 

Flag fall Per Trip $0.50 $0.00 

Distance Per Kilometre $0.10 $0.176 

Time Per Second $0.005 $0.00 

Subscription Per Day $0.00 $0.00 

 

It should be noted that carpool distance and time prices are half the rate of robotaxi prices. 
Fares are calculated based on the direct travel distance and travel time, so passengers would 
receive a monetary penalty for detours resulting from carpooling. 

Results 
Please note that due to the small sample sizes in these scenarios, the exact magnitude of 
results are not reliable. The test scenarios aim to provide the direction of the results, as well as 
a broad indicator of the extent of the results, rather than a specific outcome. 

Mode share 

Table B.11 summarises the mode share in the base case and carpooling scenario. In the 
carpooling scenario, carpooling mode accounts for 7.4 percent of all trips. As in the robotaxi 
scenario, the majority of AV carpool users have shifted from car and public transport modes. 
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These results demonstrate that the module works as intended. It should be noted that the 
modal split in the base case differs slightly from the robotaxi base case, because the robotaxi 
base case included 50 iterations, while the carpooling base case included only 20. 

Please note that due to the small sample sizes in these scenarios, the exact magnitude of 
results are not reliable. The test scenarios aim to provide the direction of the results, as well as 
a broad indicator of the extent of the results, rather than a specific outcome. 

Table B.11: Mode shares in base case and carpooling case 

 Car PT Carpool Other 

Base case 64.9% 22.8% 0.0% 11.5% 

Robotaxi case 62.3% 19.2% 7.4% 10.3% 

Source: MABM 

 

Please note: Other category includes bike, walk and “other” modes, while car category 
includes both car  

 

Carpooling efficiency for traffic flows 

Figure B.12 and Figure B.13 show the occupancy of the utilised carpool AVs. Of the utilised 
carpool vehicles, up to one third were occupied by more than one passenger at a time.  

It should be noted that because this was a test case, the initial fleet is oversized for the chosen 
sample size and only about 10 percent of all vehicles were occupied during the busiest period. 

Figure B.12: Carpooling vehicle occupancy during morning peak time (8:00 am) 

 
Source: MABM 
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Figure B.13: Carpooling vehicle occupancy during afternoon peak time (5:30pm) 

 
Source: MABM 

 

Carpooling distance distribution 

Table B.12 outlines key carpooling vehicle indicators by occupancy. With the test run 
specifications, approximately 4% of the distance travelled by carpooling vehicles occurs while 
the vehicle is empty, with 96% of the distance covered while the vehicles are occupied. Of 
occupied vehicles, the average number of customers per vehicle is 1.4. The results shown in 
Table B.12 are likely to change significantly if the scenario is run with fewer carpooling vehicles. 
This table demonstrates the type of information that can be extracted using this module. 

Table B.12: Carpooling distances by vehicle occupancy 

Metric Occupied 
vehicles 

Empty 
vehicles  

Total  
vehicles 

Measurement  

Total distance  85.10 3.21 88.31 Million km 

Total revenue distance  118.91 0.00 118.91 Million km 

Average distance  17.02 0.64 17.66 Km 

Average revenue distance  23.78 0.00 23.78 Km 

Customers per km 1.40 0.00 1.35 Customers 
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Travel times 

Changes in travel times are similar to the robotaxi module. 

Table B.13 and Figure B.14 summarise key metrics of customer experience for carpooling. In 
the test run, customers spent approximately 24% of their trip time waiting for carpool vehicles, 
and their detour distance was 16% of their total carpool drive distance on average. These 
figures are likely to be low compared to future scenario runs, due to the oversized fleet of 
5,000 carpooling vehicles used in the test runs. If less carpooling vehicles are available, wait 
times and detour distances are likely to be longer. This table is intended to demonstrate the 
information that can be extracted using this module. 

Table B.13: Customer experience of carpooling 

Metric  Carpool case 

Average times (minutes) In-vehicle travel  22.14 

Wait 6.85 

Total trip 28.99 

Wait  / total trip 24% 

Average distances (km) Direct distance 10.06 

Detour 1.98 

Actual distance 12.04 

Detour / total distance 16% 

Source: MABM 

 

Figure B.14: Carpool customer metrics 
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Vehicle Kilometres Travelled 

Table B.14 summarises the vehicle kilometres travelled in the base case and carpooling 
scenario. In the base case scenario, the total VKT is 107.3 million km, whereas in the carpooling 
case, a total of 111.9 million km is measured. The direction of results - towards higher VKT - 
demonstrates that the module works as intended.  

Please note that due to the small sample sizes in these scenarios, the exact magnitude of 
results are not reliable. The test scenarios aim to provide the direction of the results, as well as 
a broad indicator of the extent of the results, rather than a specific outcome. The purpose of 
the test is to demonstrate that the module is working as intended. 

Table B.14: VKT in base case and carpooling case 

Metric Base case Carpool case 

Car & PT VKT (km) 107.3M 103.1M 

Carpooling VKT (km)  8.8M 

Total 107.3M 111.9M 

Source: MABM 

 

Empty vehicle trips accounted for 3.1 million of the 8.8 million vehicle kilometres travelled by 
carpooling fleet vehicles. 

Public transport access and egress 
This module allows agents to choose robotaxis (or a carpooling service) as an explicit 
connection between major public transport hubs (e.g. train stations) and the beginning and/or 
end points of trips. This extends the options walking or driving a CDV to public transport 
interchanges. 

 Tests 
The public transport access and egress module was tested by using a local case study of 
Bacchus Marsh and surrounds using the 2046 reference scenario. The following key 
assumptions and inputs were used for the purposes of the test: 

• The sample only includes agents that perform at least one of their daily activities in Bacchus 
Marsh, Melton or Rockbank. This means that trips between other parts of the city are 
removed for the purposes of the test. 

• All car trips are replaced with robotaxi trips. This means that no private car traffic exists in 
the test run of the scenario.  

• A fleet of 10,000 robotaxis are distributed among the study area (i.e. Bacchus Marsh and 
surrounds) and the rest of the network.  

• A mode of transport that allows agents to combine robotaxis with public transport is 
introduced into the test run. 

• While choosing the access / egress mode, only the direct distance is taken into account, 
not beeline distance factors. This is because beeline differences can differ by mode (i.e. 
shortest route by bike may be different to shortest route by robotaxi). Therefore beeline 
distance factors are applied only after decision for a mode. This leads to some leg distances 
slightly exceeding the specified maximum direct distance in practice. 

Table B.15 outlines the key metrics of the test. 
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Table B.15: Characteristics of the public transport access and egress scenario test run 

Scenario Base case Public transport access  
and egress case 

Robotaxi fleet 10,000 10,000 

AV flow factor 1.75 1.75 

Mode choice dimensions robotaxi, public transport, walk robotaxi, public transport, walk, 
combination of robotaxi and rail 

transport 

Iterations 100 100 

 

Results 
Please note that due to the small sample sizes in these scenarios, the exact magnitude of 
results are not reliable. The test scenarios aim to provide the direction of the results, as well as 
a broad indicator of the extent of the results, rather than a specific outcome. The purpose of 
the test is to demonstrate that the module is working as intended. 

Mode share 

In the base case, roughly 80 percent of all trips are direct robotaxi trips, 15 percent are walking 
only trips (i.e. walking to the destination with no public transport) and 4.5 percent are public 
transport trips. The high share of robotaxi trips reflects the small sample size, which effectively 
“empties out” the rest of the city, allowing residents to use robotaxi travel to the city with 
negligible congestion. It should be noted that the robotaxi share is also inflated because there is 
no private car option. 

In the public transport access and egress case, 1.4 percent of all trips use the combination of 
robotaxis and railway travel, while 3.0 percent of trips include walking to public transport. The 
remaining share of trips do not include public transport. 

The uptake of robotaxi trips as a mode to access and egress public transport interchanges 
shows that the module works as intended. Uptake of robotaxi access and egress is likely to be 
significantly larger in scenario runs where congestion is included, through the inclusion of 
agents that do not travel to or from Bacchus Marsh and surrounds. 

Trip distance 

The combined use of robotaxis and public transport lead to significantly higher trip distance 
than direct robotaxis. The average length of a public transport trip using a robotaxi for access or 
egress is 22.7 km, whereas the trip length of a direct robotaxi trip is only 12.5 km. The longer 
average distance of the public transport and robotaxi trips indicates that the module is working 
as intended, since agents are taking up the new service option on trips where direct robotaxi 
trips would be most expensive.  More agents may take up the option for shorter distances in 
larger scenario runs, where congestion on roads becomes a factor in decision-making. 

Travel times 

The average travel time in the public transport access and egress case is 23:54 minutes over all 
modes minutes, whereas in the base case, travel times are 24:33 minutes on average. This 
direction of results indicates that travel times are slightly longer due to agents switching from 
direct robotaxi trips to lower cost public transport access and egress trips with robotaxis. This 
indicates that the module is working as intended. 
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