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1. Introduction

1.1 Background

The first Infrastructure Audit, undertaken over 2014-15, for the first time provided evidence developed
on a consistent basis to support the identification of current and emerging infrastructure problems.
This helped IA to identify the most nationally significant problems that were not necessarily being
identified or addressed by bottom-up state, territory and private sector proposals. Combining bottom-
up submissions with top-down evidence developed through the Infrastructure Audit allows a more
comprehensive and independent picture of national priorities.

Veitch Lister Consulting (VLC) supported the first Audit by modelling travel demands in six major
mainland cities under base year (2011) and future year (2031) conditions using our multi-modal
Zenith model. In the intervening four years, the landscape of Australian cities has changed
considerably. New major transport projects have received significant political and financial
commitment, while certain projects included in the original Audit have been cancelled or scaled down.
Similarly, population growth has run ahead of projections in some urban areas but has slowed in other
parts of the country.

It is important to note Infrastructure Australia does not view this modelling as a single version of the
future. The modelling necessarily uses a set of assumptions about future projects, transport costs and
technology. The chosen assumptions reflect a business as usual future, where there is minimal
change to current conditions. However, in reality there is significant uncertainty about how these
important inputs will change over time. The results in this modelling are therefore indicative and one
of many potential futures.

1.2 Scope of this report

In response to these changed circumstances IA is updating their evidence base and VLC is assisting
in this update by revising the travel modelling. Specific changes include:

Updated future population and employment assumptions

Revised transport system assumptions, including both networks and cost parameters

Modelling with capacity-constrained public transport networks, and

A wider range of transport-related indicators of success and challenges, including access to
opportunities for employment, education, health and recreation, as well as the economic costs of
crowding and road congestion.

= =4 —a A

This report summarises the results of this updated modelling for Sydney. Specifically, it evaluates the
performance of Greater Sydneyd6 s transport network in 2031 based o
includes transport, economic, environmental and social indicators.

VLC is also assisting IA to test an alternative road-user charging regime. The results of this alternative
policy scenario will be documented in a separate report.

A note on tables and figures in this report:

All tables and figures which quote numbers have been rounded to reflect that these forecasts are
subject to considerable uncertainty. Where a numerical or percentage change has been quoted, it has
been calculated using the unrounded data and then rounded appropriately. As such, the calculations
are reflective of the actual data, not the other rounded numbers in the table.
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2. Sydney in the future

Understanding how Sydneyd s transport net whefulure mjugek & detailedvisionr m i n
of what the region may look like at specific future planning horizons. The scale and distribution of

population and job opportunities, upgrades to the transport network, as well as the cost of parking,

public transport fares and fuel all require consideration in order to produce robust travel demand

forecasts. This section of the report provides an overview of the assumptions underpinning the Zenith

model of Greater Sydney. More detailed assumptions can be found in the appendices.

2.1 People and jobs

The number of people living and working in Sydney, as well as the locations in which they live and

wor k, are the main determinants of t hie20d6Gjustovee and
5 million people resided in the Sydney Greater Capital City Statistical Area (GCCSA), an area

covering the Central Coast, Hawkesbury and Blue Mountains, but not the Hunter Valley and lllawarra.

Figure 2-1 describestheci t yds popul ati on i rusingtwo metrigsd dotpk ap hi ¢ de
population by Level 3 Statistical Area (SA3) and gross population density by travel zone.

The highest population densities are in eastern SA3 regions, such as Sydney Inner City, Eastern
Suburbs and North Sydney - Mosman. Western inner SA3s, such as Parramatta, Auburn and
Bankstown, also have relatively high densities, as a secondary CBD in Sydney. Conversely, outer
SA3s are less dense in population. In absolute terms, Sydney Inner City is also the most populous
SA3 (232,000 residents), followed by Fairfield (193,000 residents) and Bankstown (180,000 residents)
in the west, and Kogarah i Rockdale in the south (145,000 residents).

Beyond the Sydney GCCSA, relatively high population density areas are contained in the narrow
coastal strip between Stanwell Park and Nowra to the south, and the Central Coast to Newcastle in
the north (Figure 2-1).

By 2031, NSW Government projections i ndi cat e t hat Sydney GCCS2X06s po
per cent to almost 6.4 million, an increase of just over 1.3 million from 2016 (Figure 2-2). Already

relatively high population densities in Sydney Inner City and the Eastern Suburbs are expected to

attract further population growth (Figure 2-3). Substantial increases in population are expected in

western SA3s, particularly in Bringelly i Green Valley (123%), Rouse Hill i McGraths Hill (104%),

Blacktown North (89%) and Parramatta (46%), which reflects the NSW Go v er n me nio deselop | a n
the northwest and southwest regions, construction of Western Sydney Aerotropolis, as well as further
development of Parramatta as part of t he Gr e a(Ge&Q)pladfjodarMetyopoldo mmi s
of Three Cities!. Other inner areas comprising Metropolitan Sydney are forecast to experience a more

modest population growth in line with overall population growth, including Kogarah i Rockdale in the

south, and Ryde and Hornsby in the north. The Eastern Suburbs and Northern Beaches, as well as

much of Sydneyds f rhavamaelimi@dgeowtb.x pect ed t o

Beyond the Sydney GCCSA, Newcastle is the only SA3 expected to experience large population
growth, with 33,000 extra people by 2031. Areas in the southern end of the Illawarra (Kiama i
Shellharbour and Dapto i Port Kembla) and north of Newcastle (Maitland and Port Stephens) are

1 NSW Greater Sydney Commission. (2018). Greater Sydney Region Plan i A Metropolis of Three Cities.
Retrieved from https://gsc-public-1.s3-ap-southeast-2.amazonaws.com/greater-sydney-region-plan-
0618.pdf?um1yQVuoNxc4QgC4oBK1neLtLPaiKNk8
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expected to experience significant population growth between 15,000 and 20,000 additional people by
2031. Overall, the forecasted trends in population growth reflect the infrastructure development plans
currently proposed by the NSW Government, including the rejuvenation of populous regions, as well
as greenfield development. Since the previous Audit, forecasted total population and employment in
Greater Sydney for 2031 has increased, with the differences mostly accommodated in the growth
areas in western Sydney.
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Figure 2-1 17 Sydney, Hunter and lllawarra pop

ulation density and SA3 totals in 2016
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Figure 2-21 Sydney, Hunter and lllawarra population density and SA3 totals in 2031
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Figure 2-37 Sydney GCCSA population growth by SA3 2016 to 2031 forecast

B |
UWunﬁgr/

ennant Hills| 3 +4,000
| Epping Hunters Hill* W (+14%)
+14,000 2 +41,000 i N
(+29%) < (+29%) ¢
L

5421
168,000 (#30%

(F46%)

P LS TRL
 Hawkesbury

SN+2/0005C )
(+8%)

Canada Bay

+22,000
(+24%)
Manly
+2,000 North Sydney
(+5%) Mosman
+16,000
(+16%)
Eastern Suburbs
North
+8,000
(+6%)
Blue Mountains
South
Stable Leichhardt
(No growth) +6,000
(+10%)

Eastern Suburbs
South

~Population growth

low high
- Mirrickville  +19,000
. Cronulla (+12%)
I Miranda sz::r';:::
[[] sydney GCSSA Caringbah e
D Hunter &:’:o% (+22%)
D Illawarra N )
TN Y S Strathfield
[[] Change in SA3 population & iGioos)|  Sutheriand =
s el
*= Razd K e ey IShelinaiboss "ﬁ§','§3§° +50,000
~ Railway / 119,000 (+11%) (+32%)

0 10 20 30 40 km

.Q)
VIC Population growth - 2016 to 2031 - .

Veitch List Iting v
RlchLister. Consiiting demogs_TZ2748V2_2016 v demogs_TZ2748V2_2031withspecrec

Source: NSW Government population forecasts, disaggregated to Zenith travel zones

11



Australian Infrastructure Audit P
Transport Modelling Report - Sydney

In addition to location of residence, the location of employment is a further determinant of travel
choices. In 2016, just under three million jobs were located in the Sydney GCCSA. Figure 2-4
describes both the total number of jobs by SA3 and density of jobs at a travel zone level.

While the previous section identified that population is relatively dispersed across the city,
employment is much more concentrated in distinct hubs. The most significant employment hub is the
Sydney CBD, with the Sydney Inner City SA3 accommodating almost 23 per cent of Sydney's jobs
and over five times as many jobs as Parramatta i the SA3 with the second highest number of jobs.
This is followed by employment clusters in Ryde i Hunters Hill, Chatswood and North Sydney.

By 2031, it is expected that Sydney GCCSA will be home to over 3.2 million jobs, which is an increase

of 706,000 jobs or approximately 28 per cent on 2016. Employment is projected to more than double

in the Bringelly T Green Valley, Rouse Hill i McGraths Hill, and Blacktown SA3s, which similarly

reflectsthe NS WGover nment 6s pl ans f oareasdfgure 2-5). ©Other imrier afeas, t h e s
including Kogarah i Rockdale, Strathfield and North Sydney are projected continue to attract

moderate employment growth, with weaker growth expected in already well-established areas of

Sydney Inner City and Chatswood (approximately 18%).

In general, by 2031 employment is projected to become increasingly drawn to key employment areas

across Greater Sydney, particularly towards the Sydney CBD, Parramatta and, to a lesser extent,

Bringelly i Green Valley (Figure 2-6). This trend is in line with the Metropolis of Three Cities plan, and

is likely to increase demand for travel to these employment clusters. With similar growth patterns

forecasted inpopulaton, t hi s partly supports the GSCbdbs ambit
residents in these centres, reducing the need to travel long distances to reach employment hubs.

However, the population, particularly in far western Sydney is projected to be far greater than the

available employment projected in western areas. As such, travel between the three sub-regions of

Sydney is also forecast to increase, and is further discussed in Section 4 and Section 5.

Beyond the Sydney GCCSA, employment growth in the major centres of Newcastle and Wollongong
grow more strongly than population growth, reducing the need for new residents to travel longer
distances to employment centres in Sydney.

12
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Figure 2-4 1 Sydney, Hunter and lllawarra employment density and SA3 totals in 2016
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Figure 2-517 Sydney, Hunter and lllawarra employment density and SA3 totals in 2031 forecast
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Figure 2-6 1 Sydney, Hunter and lllawarra employment growth by SA3 2016 to 2031 forecast
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2.2 Transport networks

The transport network assumed in any given year will determine how (and how easily) populations will
get between their homes, jobs, schools, shops and other activity areas. The 2031 transport network
for Sydney has been developed using a minimal-intervention approach. Included projects were (at the
time of modelling in August 2018) either under construction, under procurement, or had a public
commitment to fund construction from all relevant governments. It is important to note that some
projects fall outside of governme nt 6 s budget forward esti mates,
be fully funded. Finally, some bus routes have also been expanded to support the development of
new suburbs. A selection of the most significant projects is described in more detail below, and can
be referenced on Figure 2-7. A full list of network assumptions can be found in Appendix A.

Sydney Metro will be the first fully-automated metro rail network in the country. It currently consists of
two stages: Sydney Metro Northwest which will connect the North West Growth Area to Chatswood
by a mix of new track to Epping then conversion of an existing line between Epping and Chatswood;
and Sydney Metro City & Southwest which will provide new track from Chatswood to Sydenham
and convert the Bankstown line to metro operation. In 2031, it is assumed that services will run every
four minutes during the peak and every ten minutes outside peak periods. The first two stages are
due to open in 2019 and 2024, respectively, and have been included in the model while a proposed
extension connecting Parramatta to Sydney CBD is still in the planning stage and has not been
included.

WestConnex is a major road project that has been jointly funded by Federal and State Governments.
It is currently under construction, with an expected completion date in 2023. It includes an extra lane
in each direction the existing M4 from Parramatta to Homebush, and the construction of the new
motorway from Homebush to the existing M5 at Beverly Hills, with an interchange at Rozelle
connecting to Victoria Road, and provision at the St Peters interchange to connect to the proposed
Sydney Gateway (a project which has not been included in the modelling).

The Western Sydney Infrastructure Plan is a collection of projects including the construction of the
M12 Motorway (by 2026), and the upgrade of The Northern Road and Bringelly Road (in 2020).
The M12 Motorway will provide a connection between the Northern Road and the M7 and has been
jointly funded by the Federal and State Governments. The North-South Rail Link connecting the
Western Sydney Airport to the existing network at St Marys has been included in the 2031 network.

Several light rail projects are currently under construction. The CBD and South East Light Rail
(CSELR) is expected to be complete in 2020. It will extend south from the existing light rail network at
Central Station to Kingsford and Randwick, and north to Circular Quay. Stage 1 of the Parramatta
Light Rail connecting Westmead to Carlingford via Parramatta CBD is expected to open in 2023,
while Stage 2 connecting Parramatta CBD to Sydney Olympic Park is currently in the planning stage
so was not included in the model. The Newcastle Light Rail is expected to open in 2019. It will
extend from the Newcastle Interchange at Wickham to Pacific Park in Newcastle East.

The NorthConnex is a tolled tunnel which will connect the M1 at Wahroonga to the M2 at West
Pennant Hills, as an alternative to Pennant Hills Road. The project has been part funded by Federal
and State Governments, with the remaining funding sourced from toll charges which includes the
extended M7 concession changes. It is under construction and is expected to be complete in 2019.

Stage 1 of the F6 extension will be a tunnel connecting the New M5 at Arncliffe to President Avenue
at Kogarah and has been included in the model. It will provide a connection to the motorway network

S
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from the south and is expected to open in 2024. Further stages between Kogarah and Loftus, and to
Taren Point (Section B) and Loftus (Section C), have not been included in the 2031 network.

Figure 2-7 7 Sydney, lllawarra and Hunter major projects included in 2031
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Beyond the major projects, public transport services are also assumed to improve incrementally
through increased service frequencies and extending routes into growth areas. The combined impact
of the major projectsandthe 6 b u s i n e s sis thastotal in-seevite&ilometres increase 28 per
cent by 2031. In the context of Sydneyd 24 per cent population growth, the increase reflects an

expansion in service provision on a per-user basis (Table 2-1). These metrics have also been

included for the Hunter and lllawarra regions in Appendix Table F-1.

Table 2-1 17 Sydney GCCSA public transport in vehicle service kilometres?

Rail

Light rail

Bus

Ferry

Total

AM peak (7-9AM)
Inter-peak (9AM-4PM)
PM peak (4-6PM)
Off-peak (6PM-7AM)
Daily total

AM peak (7-9AM)
Inter-peak (9AM-4PM)
PM peak (4-6PM)
Off-peak (6PM-7AM)
Daily total

AM peak (7-9AM)
Inter-peak (9AM-4PM)
PM peak (4-6PM)
Off-peak (6PM-7AM)
Daily total

AM peak (7-9AM)
Inter-peak (9AM-4PM)
PM peak (4-6PM)
Off-peak (6PM-7AM)
Daily total

AM peak (7-9AM)
Inter-peak (9AM-4PM)
PM peak (4-6PM)
Off-peak (6PM-7AM)
Daily total

2 Service kilometres include all public transport lines servicing the Sydney GCCSA (and not exclusively
kilometres operating within the Sydney GCCSA).

17,000
41,000
16,000
48,000
121,000
300

800

400

900
2,400
88,000
187,000
83,000
148,000
507,000
1,200
3,100
1,000
2,100
7,400
107,000
232,000
100,000
199,000
638,000

22,000
48,000
21,000
63,000
153,000
1,200
3,100
1,200
3,700
9,300
108,000
237,000
102,000
201,000
648,000
1,400
3,400
1,200
2,200
8,200
132,000
291,000
125,000
270,000
819,000

+5,000
+7,000
+5,000
+15,000
+32,000
+900
+2,300
+900
+2,800
+6,800
+20,000
+50,000
+19,000
+53,000
+141,000
+200
+300
+200
+200
+0,800
+26,000
+59,000
+25,000
+70,000
+181,000

+28%
+17%
+34%
+30%
+26%
+257%
+267%
+234%
+318%
+279%
+22%
+27%
+23%
+36%
+28%
+16%
+8%
+17%
+8%
+11%
+24%
+26%
+25%
+35%
+28%
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3. Travel demands

Given the 24 per cent population and 27 per cent employment growth projected for Sydney between
2016 and 2031, the transport task is expected to grow. This part of the report includes the Zenith
model 6s estimates and forecast s ffaracast Indaidual imetics
are reported on under the following themes:

1 Growth in person travel,
1 Growth in road network demand, and
1 Growth in public transport demand.

3.1 Growth in person travel

Between 2016 and 2031 the total number of weekday trips in the Sydney GCCSA is expected to
increase by 28 per cent, with almost 2.9 million extra daily trips by car (Table 3-1). This is somewhat
above the population growth of around 24 per cent. This reflects the way the Zenith model responds
to a decrease in average household size into the future within the NSW Government projections. For
example, two single-person households are modelled to produce more trips than a single two-person
househol dcollhl Bngd e o fulatpmrandhbusehalds is pobapparent in all markets
analysed in this Audit. In most other jurisdictions household projections are not explicitly provided, so
VLC assumes a stable household size into the future, which results in broadly proportional population
and trip growth.

t

he

Car travel retains its dominance ov eforecastthfallonlymod e s

marginally from 67 per cent in 2016 to 66 per cent in 2031 (Figure 3-1). This suggests that in spite of
the large investments being made in public transport, a majority of residents of Sydney will still find
driving to be the most convenient option for most of their travel. This in turn reflects sustained major
investments in road infrastructure as well as the dispersed land patterns that are difficult to cost
effectively serve by public transport.

Table 3-17 Sydney GCCSA person trips by mode

AM peak (7-9AM) 1,586,000 1,968,000 +381,000 +24%
Inter-peak (9AM-4PM) 4,758,000 6,061,000 +1,304,000 +27%
Person car trips  PM peak (4-6PM) 1,705,000 2,131,000 +426,000 +25%
Off-peak (6PM-7AM) 2,802,000 3,549,000 +747,000 +27%
Daily total 10,851,000 13,709,000 +2,858,000 +26%
AM peak (7-9AM) 410,000 573,000 +163,000 +40%
Public transport Inter-peak (9AM-4PM) 712,000 977,000 +265,000 +37%
trips PM peak (4-6PM) 355,000 499,000 +145,000 +41%
Off-peak (6PM-7AM) 376,000 517,000 +141,000 +37%
Daily total 1,852,000 2,566,000 +714,000 +39%
AM peak (7-9AM) 368,000 468,000 +100,000 +27%
Walk/cycling Inter-peak (9AM-4PM) 1,862,000 2,355,000 +493,000 +26%
trips PM peak (4-6PM) 498,000 636,000 +138,000 +28%
Off-peak (6PM-7AM) 785,000 997,000 +211,000 +27%
Daily total 3,512,000 4,455,000 +943,000 +27%
AM peak (7-9AM) 2,363,000 3,008,000 +645,000 +27%
Inter-peak (9AM-4PM) 7,332,000 9,393,000 +2,062,000 +28%
Total trips PM peak (4-6PM) 2,557,000 3,266,000 +709,000 +28%
Off-peak (6PM-7AM) 3,963,000 5,062,000 +1,099,000 +28%

Daily total 16,215,000 20,730,000 +4,515,000 +28%
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Figure 3-1 7 Sydney GCCSA mode share of daily trips, 2016 and 2031
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Public transport trips are forecast to grow by 39 per cent across the day with an additional 714,000

trips (Figure 3-2). This growth is from a low base share;pu bl i ¢ transportoés dlhare
per cent in 2016 to 12 per cent in 2031 (with higher shares in the AM and PM peak periods). The

growth in public transport use to 2031 will be driven by population growth and an expansion of the

public transport network. Growth is likely also partly attributable to the future levels of road

congestion; congested roads make public transport more competitive. The relative cost of car travel is

also a factor in the forecast public transport patronage growth. Public transport travel is assumed to

become slightly cheaper relative to car travel to 2031 (public transport fares are assumed to be flat in
inflation-adjusted terms while parking charges for cars grow at 1.5% per annum on this basis).

Walking and cycling trips are expected to grow by around 27 per cent between 2016 and 2031,
slightly above the population growth forecast. This slight increase in share is a result of the increased
density of residential and commercial land use patterns that allow for some activities (e.g. shopping
and recreation) to be undertaken close to home; such short trips are good candidates for active
modes particularly with increased road congestion dissuading driving. A real increase in parking
charges is particularly relevant for walking and cycling trips as parking charges are applied in
Sydney6 denser inner areas.
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Figure 3-21 Sydney GCCSA growth in daily person trips, 2016 to 2031
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These travel demand metrics have also been reported for the Hunter and Illawarra regions in
Appendix Table F-2.

3.2 Growth in vehicle travel

Traffic on the road network is split between car (93%) and commercial vehicle travel (7%) (see
Section D.3.5f or \tamin@rsial vehicle definitions). Trip growth is forecast to be largely in line
with population growth (24%) for both vehicle types, growing by 26 and 24 per cent respectively
(Table 3-2 and Table 3-3).
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Table 3-27 Sydney GCCSA car traffic statistics

AM peak (7-9AM) 1,141,000 1,414,000 +273,000 +24%
Inter-peak (9AM-4PM) 3,432,000 4,373,000 +940,000 +27%
Trips PM peak (4-6PM) 1,265,000 1,578,000 +313,000 +25%
Off-peak (6PM-7AM) 1,985,000 2,511,000 +526,000 +27%
Daily total 7,824,000 9,877,000 +2,053,000 +26%
AM peak (7-9AM) 13,508,000 17,168,000 +3,660,000 +27%
Inter-peak (9AM-4PM) 36,392,000 48,047,000 +11,655,000 +32%
Kilometres PM peak (4-6PM) 14,769,000 18,918,000 +4,149,000 +28%
Off-peak (6PM-7AM) 24,497,000 32,018,000 +7,521,000 +31%
Daily total 89,166,000 116,151,000 +26,984,000 +30%
AM peak (7-9AM) 428,000 657,000 +229,000 +54%
Inter-peak (9AM-4PM) 781,000 1,144,000 +363,000 +46%
Hours PM peak (4-6PM) 449,000 705,000 +256,000 +57%
Off-peak (6PM-7AM) 457,000 618,000 +161,000 +35%
Daily total 2,115,000 3,124,000 +1,009,000 +48%
AM peak (7-9AM) 32 26 -5 -17%
Average Inter-peak (SAM-4PM) 47 42 =5 -10%
assigned PM peak (4-6PM) 33 27 -6 -18%
speed (kph) Off-peak (6PM-7AM) 54 52 -2 -3%
Daily total 42 37 -5 -12%

Table 3-3 17 Sydney GCCSA commercial vehicle traffic statistics

AM peak (7-9AM) 85,000 107,000 +22,000 +25%
Inter-peak (9AM-4PM) 276,000 343,000 +67,000 +24%
Trips PM peak (4-6PM) 99,000 123,000 +24,000 +24%
Off-peak (6PM-7AM) 144,000 179,000 +34,000 +24%
Daily total 605,000 752,000 +147,000 +24%
AM peak (7-9AM) 1,325,000 1,669,000 +344,000 +26%
Inter-peak (9AM-4PM) 4,145,000 5,182,000 +1,037,000 +25%
Kilometres PM peak (4-6PM) 1,496,000 1,842,000 +346,000 +23%
Off-peak (6PM-7AM) 2,651,000 3,288,000 +637,000 +24%
Daily total 9,617,000 11,981,000 +2,364,000 +25%
AM peak (7-9AM) 37,000 57,000 +20,000 +54%
Inter-peak (9AM-4PM) 82,000 115,000 +33,000 +41%
Hours PM peak (4-6PM) 41,000 64,000 +23,000 +54%
Off-peak (6PM-7AM) 45,000 58,000 +13,000 +29%
Daily total 205,000 294,000 +89,000 +43%

Total vehicle kilometres grow relatively uniformly across the day (though growth is faster outside the
peak periods) and slightly above total trip growth (Figure 3-3). This indicates that the average trip
length will increase slightly 7 a result of population growth in outer areas (Section 2.1).

In contrast, the growth in hours travelled is much more variable across the day. Total vehicle hours on
the road network are forecast to increase by around 55 per cent in the AM and PM peak periods,
reflecting worsening congestion. This is a result of the underlying dynamics of traffic flow (when
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additional traffic is added to an already congested road, the resultant delay is disproportionately
higher than in less congested conditions). Total vehicle hours in the interpeak time period are also
predicted to grow significantly, indicating emerging and worsening congestion in the middle of the
day. This increased congestion occurs in spite of large road capacity expansions to 2031, as
population and employment growth spread throughout the city play a larger role in determining total
road network performance. The off-peak is expected to remain relatively uncongested with the
increase in amount of time spent driving (35%) closer to the increase in trips (26%).

These metrics have also been included for the Hunter and lllawarra regions in Appendix Table F-3
and Appendix Table F-4.

Figure 3-31 Sydney GCCSA weekday vehicle metrics - growth between 2016 and 2031
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3.3 Growth in public transport ridership

By 2031 the demand placed on the public transport system is expected to increase significantly with
public transport boardings, in-vehicle passenger kilometres and in-vehicle passenger hours increasing
by around 45 per cent from 2016 (Table 3-4).
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In-vehicle passenger kilometres (or passenger kilometres) are a measure of movement of

passengers for a particular mode or the public transport network as a whole. In-vehicle passenger
kilometres are calculated through the network wide summation of the distances travelled by users
onboard vehicles. This excludes the distance travelled (by car, walk or bike) accessing the service.

In-vehicle passenger hours (or passenger hours) are an analogous metric which is calculated
through the network wide summation of the time spent by users onboard vehicles.

A boarding counts a person entering any public transport vehicle, irrespective of whether this is the
first vehicle they have boarded for their trip, or whether they have transferred from another vehicle.

One trip may include multiple boardings.

Table 3-47 Sydney GCCSA total public transport, key metrics

Boardings

In vehicle
passenger
kilometres

In vehicle
passenger hours

AM peak (7-9AM)
Inter-peak (9AM-4PM)
PM peak (4-6PM)
Off-peak (6PM-7AM)
Daily total

AM peak (7-9AM)
Inter-peak (9AM-4PM)
PM peak (4-6PM)
Off-peak (6PM-7AM)
Daily total

AM peak (7-9AM)
Inter-peak (9AM-4PM)
PM peak (4-6PM)
Off-peak (6PM-7AM)
Daily total

522,000
896,000
452,000
457,000
2,326,000
7,983,000
10,950,000
6,814,000
5,942,000
31,690,000
206,000
273,000
177,000
143,000
799,000

768,000
1,276,000
686,000
653,000
3,383,000
11,903,000
15,542,000
10,239,000
8,436,000
46,120,000
300,000
386,000
260,000
199,000
1,144,000

+247,000
+381,000
+233,000
+196,000
+1,057,000
+3,920,000
+4,592,000
+3,425,000
+2,494,000
+14,431,000
+94,000
+112,000
+83,000
+56,000
+345,000

+47%
+43%
+52%
+43%
+45%
+49%
+42%
+50%
+42%
+46%
+45%
+41%
+47%
+39%
+43%

Heavy rail is easily the most intensively used public transport mode in Sydney, an outcome that is
expected to continue to 2031 (Table 3-5 to Table 3-7). Heavy rail is also expected to experience
significant growth across the three transport metrics, at approximately 45 per cent. This is because

the interconnected suburban rail network is well established across Sydney, and also facilitates long
by providing
employment hubs. This role will be expanded through the Metro program of new and converted lines.

distance tra v e |

commut ers

n outer

areas

The rail network is supported by the bus, light rail and ferry networks, which cover those areas not

easily accessible by rail. Bus use is forecast to grow above the rate of population growth (Table 3-7).
Passenger kilometres, passenger hours and boardings for light rail are expected to increase four-fold.
Ferry use is forecast to be broadly stable.®

3 This may be a result of travellers responding to improved services on some alternative routes. For example,

additional bus priority, Parramatta light rail, and B-Line, which are viable alternative modes to the ferry services

on Parramatta River and Northern Beaches to the Sydney CBD. Ferry services also have limited catchment
areas; population densities are not projected to increase significantly in these waterside locations.
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Appendix Table F-5 to F-8 details these metrics for the Hunter and Illawarra regions.

Table 3-57 Sydney GCCSA in-vehicle passenger kilometres

Rail and Metro

Light rail

Bus

Ferry

AM peak (7-9AM)
Inter-peak (9AM-4PM)
PM peak (4-6PM)
Off-peak (6PM-7AM)
Daily total

AM peak (7-9AM)
Inter-peak (9AM-4PM)
PM peak (4-6PM)
Off-peak (6PM-7AM)
Daily total

AM peak (7-9AM)
Inter-peak (9AM-4PM)
PM peak (4-6PM)
Off-peak (6PM-7AM)
Daily total

AM peak (7-9AM)
Inter-peak (9AM-4PM)
PM peak (4-6PM)
Off-peak (6PM-7AM)
Daily total

6,618,000
8,710,000
5,663,000
4,922,000
25,912,000
19,000
38,000
20,000
22,000
98,000
1,249,000
2,135,000
1,051,000
974,000
5,409,000
98,000
68,000
80,000
24,000
271,000

10,002,000
12,456,000
8,656,000
7,054,000
38,168,000
119,000
206,000
119,000
111,000
555,000
1,695,000
2,798,000
1,381,000
1,253,000
7,127,000
87,000
82,000
82,000
19,000
270,000

+3,385,000
+3,746,000
+2,994,000
+2,132,000
+12,257,000
+100,000
+168,000
+99,000
+89,000
+457,000
+447,000
+663,000
+330,000
+278,000
+1,718,000
-11,000
+14,000
+2,000
-5,000
-1,000

+51%
+43%
+53%
+43%
+47%
+535%
+447%
+497%
+414%
+466%
+36%
+31%
+31%
+29%
+32%
-12%
+21%
+2%
-22%
-0%
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Table 3-6 1 Sydney GCCSA in-vehicle passenger hours

Rail and Metro

Light rail

Bus

Ferry

AM peak (7-9AM)
Inter-peak (9AM-4PM)
PM peak (4-6PM)
Off-peak (6PM-7AM)
Daily total

AM peak (7-9AM)
Inter-peak (9AM-4PM)
PM peak (4-6PM)
Off-peak (6PM-7AM)
Daily total

AM peak (7-9AM)
Inter-peak (9AM-4PM)
PM peak (4-6PM)
Off-peak (6PM-7AM)
Daily total

AM peak (7-9AM)
Inter-peak (9AM-4PM)
PM peak (4-6PM)
Off-peak (6PM-7AM)
Daily total

144,000
190,000
124,000
111,000
569,000
1,000
2,000
1,000
1,000
6,000
58,000
79,000
49,000
30,000
216,000
3,200
2,400
2,800
600
9,000

Table 3-7 1 Sydney GCCSA public transport boardings

Rail and Metro

Light rail

Bus

Ferry

AM peak (7-9AM)
Inter-peak (9AM-4PM)
PM peak (4-6PM)
Off-peak (6PM-7AM)
Daily total

AM peak (7-9AM)
Inter-peak (9AM-4PM)
PM peak (4-6PM)
Off-peak (6PM-7AM)
Daily total

AM peak (7-9AM)
Inter-peak (9AM-4PM)
PM peak (4-6PM)
Off-peak (6PM-7AM)
Daily total

AM peak (7-9AM)
Inter-peak (9AM-4PM)
PM peak (4-6PM)
Off-peak (6PM-7AM)
Daily total

348,000
563,000
303,000
323,000
1,537,000
6,000
15,000
8,000
8,000
36,000
157,000
307,000
132,000
123,000
719,000
11,300
10,100
9,800
2,800
34,000

215,000
268,000
187,000
154,000
824,000
5,000
10,000
6,000
5,000
26,000
76,000
105,000
64,000
39,000
285,000
2,900
2,600
2,900
500
8,900

519,000
794,000
455,000
449,000
2,217,000
32,000
74,000
46,000
43,000
196,000
207,000
396,000
173,000
159,000
935,000
10,500
12,100
10,300
2,100
35,000

+71,000
+78,000
+63,000
+43,000
+256,000
+4,000
+7,000
+4,000
+4,000
+20,000
+18,000
+26,000
+16,000
+9,000
+69,000
-300
+300
+100
-200
-100

+171,000
+231,000
+153,000
+125,000
+680,000
+26,000
+60,000
+39,000
+35,000
+160,000
+50,000
+89,000
+42,000
+36,000
+216,000
-800
+2,000
+400
-700
+1,000

+49%
+41%
+51%
+39%
+45%
+446%
+352%
+380%
+320%
+368%
+32%
+33%
+33%
+29%
+32%
-10%
+11%
+2%
-24%
-1%

+49%
+41%
+50%
+39%
+44%
+470%
+408%
+496%
+442%
+444%
+32%
+29%
+32%
+30%
+30%
-7%
+20%
+4%
-25%
+3%
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4. Road network performance

The previous section demonstrated that travel demand in Sydney is expected to increase significantly
by 2031, and gave some indications of deteriorating road network performance. This section analyses
this performance in more detail using the following metrics:

1 Volume capacity (V/C) ratio. The V/C ratio for a section of road is a useful metric to gauge its
level of congestion. As the demand placed on the link approaches capacity, the travel speed
deteriorates, causing congestion. In strategic modelling it is possible for the V/C ratio to
exceed 1.0. When this occurs, travel speed on this link deteriorates further.

1 Average speed. Average speed reflects the amount of delay on the road network as a whole, it
is the total distance travelled on a network divided by the time taken to do so. Average speed
can be calculated either for an entire day or for a particular time period.

Thel argest increases in road demand can ancarteia e n

developments (Figure 4-1). In particular, the construction of the WestConnex, NorthConnex, M12, F6
Extension, as well as The Northern Road upgrades, attracts large volumes of traffic, partly diverted
from alternative routes. In spite of these developments, Sy d n e y 6 s freewayssamdianedal roads
continue to experience growth in travel demand. The main driver of traffic growth is population and
employment growth. As such, the largest increases are expected on the roads which link the major
activity centres to new population growth areas. Strong population and employment growth in the
southwest, which is partly driven by development of the Western Sydney Airport, drive an increased
demand for travel along roads connecting it to the rest of Sydney, particularly east towards Liverpool
and the Sydney Inner City, north towards Penrith, and south towards Campbelitown. Traffic is also
forecast to grow strongly on the arterial and local roads in areas with high population growth, such as
the northwest region.

Conversely, a decrease in traffic volumes is forecasted along the M5 East, as a result of the
introduction of tolls on that section as part of the funding of WestConnex as well as some diversion of
tripsontothe F6. Adecr eas e i s al s o \andBoukké Sireets o th®doRh obted a n
Airport, which reflects their conversion into one-way streets as part of Airport North precinct upgrades.

Similar traffic volume maps have also been produced for the Hunter and lllawarra regions (Appendix
Figure F-1).
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Figure 4-117 Sydney GCCSA weekday traffic volume growth - 2016 to 2031
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The following traffic volume / road capacity (V/C) images illustrate the levels of congestion observed
in 2016 and in 2031. The V/C ratios are shown as the worst hour in the 2-hour peak. This peak one
hour is assumed to be 56 per cent of the AM peak, and 52 per cent in the PM peak, an assumption
developed based on observed travel data from various Australian cities. The colour of the bandwidth
indicates the level of congestion, and the width is proportional to the volume of traffic using this link.
(Minor links have been excluded for clarity, as in general these minor roads carry low volumes of
traffic and are relatively uncongested.)

Figure 4-2 shows how congestion in the model impacts travel speeds on the network. For arterials,
increasing V/C ratios result in a gradual decline in travel speeds to about 0.6 (where speeds reduce to
85% of free flow), with a steeper decline between ratios of 0.6 and 1.0 (50% of free flow). Travel
speeds on motorways are less affected by congestion up to a V/C ratio of 0.6 but experience a much
steeper reduction in travel speeds thereafter. Managed motorways can accommodate far more
vehicles relative to capacity before travel speeds are materially impacted (though there are no
managed motorways in the 2031 forecast for Sydney).
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Figure 4-27 Speed flow to volume / capacity ratio relationship
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In 2016, major freeways have some the highest levels of congestonon Sydneyb6s road

(Figure 4-3). In the AM peak period there is substantial congestion on the approaches to the CBD.
High-traffic routes that exceed modelled capacity include sections of the M4 from Michinbury in the
west through to Sydney CBD, as well as from Sydney CBD to Parramatta, Macquarie Fields to
Sydney Airport (via the M7 and M5), the M1 south of Sydney Airport, and the M2 from Epping to
Macquarie Park. These congestion points reflect the high travel demand towards employment clusters
in Sydney CBD, Parramatta and Macquarie Park, as well as landside travel to the airport.

Some lower capacity sections of the road network experience levels of congestion comparable to that
on the congested freeways in 2016. Many of these are arterials that feed the freeways or otherwise
collect traffic bound for the Sydney CBD. These include Alfords Point Road in the south, Mona Vale
Road and Warringah Road from the Northern Beaches, and Pennant Hills Road towards the
northwest. High levels of congestion are also recorded on key bridges and tunnels where movements
are constrained. Examples include the Sydney Harbour Tunnel, Spit Bridge, and Captain Cook Bridge
and the Princes Hwy across St Georges River.
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Figure 4-3717 Sydney GCCSA weekday traffic volume / road capacity - 2016 1-hour AM peak
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In the PM peak a similar pattern of congestion can be seen in the opposite direction compared to the
AM peak (Figure 4-4). There are a number of corridors with substantial two-way congestion in both

peaks, most notably the M4 corridor between Parramatta and the Sydney CBD.

V/C maps for the Hunter and lllawarra regions for 2016 and 2031 in the AM and PM peaks can be

found from Appendix Figure F-2 to Appendix Figure F-5.
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Figure 4-4 7 Sydney GCCSA weekday traffic volume / road capacity - 2016 1-hour PM peak
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Between 2016 and 2031, Sy d coerggsiion is expected to worsen substantially (Figure 4-5 and
Figure 4-6). In the 2031 peak periods, very severe congestion is expected to extend along the M4,
from Kingswood towards Parramatta, as well as along the M5, between Campbelltown and Beverly
Hills. Similarly, significant increases in congestion are forecasted on The Northern Road, the M2
between Winston Hills and Pennant Hills, the M1 in the Eastern Suburbs, as well as the M7.
Increases in congestion on these major corridors is indicative of the increased travel demand caused
by population and employment growth in the regions that they connect. This can also be seen in
roads with smaller capacities that feed into the centres of these regions, particularly in the northwest.

Mona Vale Road, Warringah Road, Spit Bridge and other constrained points from 2016 also show an
exacerbation of congestion.

With the increased capacity of the WestConnex, however, on some sections of the M4 between
Parramatta and Strathfield, congestion falls below 2016 levels by 2031, with traffic volume decreasing
below capacity. This can also be seen in the M5 East, between Beverly Hills and Sydney Airport,
reflecting the decrease in traffic volume described previously.

Nevertheless, motorists travelling in the peak periods and peak direction can expect to encounter
congestion earlier on the morning commute and for longer on their way home. Significant increases in
congestion on arterial roads in outer areas will also cause delays in travel time for both motorists and
buses where bus priority is not provided.
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Figure 4-5717 Sydney GCCSA weekday traffic volume / road capacity - 2031 1-hour AM peak
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