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CBD North 27 %

CBD South 19 %

Pyrmont 32 %

Ultimo 30 %
Surry Hills 25 %

: Redfern 37 %

% JTW trips by car
| 0.0000 t 0.0600 {10)
L T pr——

Green Square 49 %

PR Y B e

Rosebery 63 %

NOTE: Labelled figures are for a single representative travel zone in each area

Figure 3-20 2001 JTW mode share for all destinations from City of Sydney travel
zones — car (driver and passenger)

Figure 3-21 2006 JTW mode share for all destinations from City of Sydney travel
zones — car (driver and passenger)
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Figure 3-22 2001 JTW mode share from City of Sydney travel zones for all
destinations — public transport (bus and rail)
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Figure 3-23 2006 JTW mode share from City of Sydney travel zones for all
destinations — public transport (bus and rail)
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Figure 3-24 2001 JTW mode share from City of Sydney travel zones for all
destinations — other modes (mostly walking and cycling)
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Figure 3-25 2006 JTW mode share from City of Sydney travel zones for all
destinations — other modes (mostly walking and cycling)
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Table 3-3 and Table 3-4 below show the variation in mode share for trips to the Sydney CBD
only based on JTW 2001 and JTW 2006, respectively. The use of other modes (mostly
walking) is very high for residents of areas close to the CBD but drops off sharply as the
distance increases beyond about 2 km — for example, the share of other trips for Surry Hills
is 67% in JTW 2006 (54% in JTW 2001) compared with only 30% (18% in JTW 2001) for
Redfern. However, car usage in all the areas close to the City is low, at no more than about
10% (11% in JTW 2001). In the Green Square and Rosebery area, car usage is higher,
between 21% and 28% (around 22% in JTW 2001). Public transport dominates the non-car
modes from Green Square and Rosebery accounting for up to 71% (75% in JTW 2001) of all
trips to the CBD.

Table 3-3 2001 JTW mode share for trips to Sydney CBD from selected areas

Area Car PT Other
CBD North 10% 4% 86%
CBD South 5% 19% 76%
Surry Hills 8% 37% 54%
Redfern 11% 72% 18%
Pyrmont 1% 18% 70%
Ultimo 5% 43% 52%
Green Square 22% 73% 6%
Rosebery 22% 75% 4%
Table 3-4 2006 JTW mode share for trips to Sydney CBD from selected areas
Area Car PT Other
CBD North 9% 5% 86%
CBD South 3% 15% 82%
Surry Hills 6% 27% 67%
Redfern 10% 59% 30%
Pyrmont 10% 21% 69%
Ultimo 8% 43% 50%
Green Square 21% 71% 8%
Rosebery 28% 69% 3%

The variation in mode share with trip distance is important and the mode choice model used
in the Green Square public transport model is built on this relationship. Figure 3-26 below
shows the variation in mode share with trip distance for trips to the Sydney CBD. The
following comments are made:

= car usage is highest for trips in the range 5 to 10 km
= public transport usage is high for trips over 2 km in length, and highest for longer trips

= walking is the most popular mode for trips less than 2 km in length; walking share drops
off to almost zero for trips greater than 5 km in length

= cycling mode share is very low at no more than 1% for most trip lengths.
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Mode Share by Trip Distance
(Trips to CBD)
2006 JTW Data

100

- 40

Car PT Cycle Walk
0-1km 8.5% 13.9% 0.3% 77.2%
1-2km 13.9% 37.6% 0.9% 47.5%
2-5km 21.3% 71.7% 1.3% 5.7%
5-10 km 24.7% 74.0% 0.7% 0.5%
10 - 20 km 19.7% 79.9% 0.2% 0.3%
20 - 40 km 16.6% 83.0% 0.0% 0.4%
40 + 11.3% 88.3% 0.0% 0.3%

Figure 3-26 Variation on mode share

For 2006 JTW trips made inside (starting and ending inside) the Green Square area (based
on 2001 Travel Zones), the following mode shares were reported (14.1% of all trips)

= car (driver and passenger) — 56.9%
=  public transport (bus and rail) — 4.3%
= other (walking and cycling) — 38.8%.

3.2.3 Non work trips

Records from the Household Travel Survey (HTS) for trips starting at home in the City of
Sydney LGA (excluding Glebe) were analysed to develop an understanding of non work trip
patterns. The number of HTS records for the Green Square area itself is very small and it is
not possible to conduct a meaningful analysis for non work trips starting in the study area.

General results for non work trips starting at home in the City of Sydney area include:

= two thirds (66%) of non work trips had a length of two kilometres or less

= 87% of non work trips had a length of five kilometres or less.
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Figure 3-27 shows the variation in mode share by trip distance for non work trips:

= walking is used for 87% of trips less than 1 kilometre in length and 45% of trips between
1 and 2 km in length

= car usage is higher for trips over 5 km in length — about 80%

= public transport mode share is highest (36%) for trips between 2 and 5 km in length.

Overall, the non-car mode share for non work trips starting at home is 65% with half of all
non work trips made by walking.

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%

0-1 1-2 2-5 5-10 10 +

Mode share

Trip distance, km

Figure 3-27 Variation in mode share for non work trips starting at home in the City of
Sydney LGA (2006 data)

Figure 3-28 below shows the breakdown of trip purpose for non work related trips starting at
home in the City of Sydney — over half of non work trips are for shopping or social /

recreation purposes.
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@ Education

m Shopping

0O Personal business
0O Social/recreation
m Serve passenger

Figure 3-28 Breakdown of non work trips by purpose for trips starting from home in

City of Sydney LGA (2006 HTS data)

Figure 3-29 shows the breakdown of non work trips by distance and purpose:

as noted before, the majority of trips of all non work purposes are less than 5 kilometres
in length

shopping trips are shorter on average than other trip purposes — 60% of shopping trips
are made within 1 kilometre of home.

100% -
90% -
80% -
70% -
60% -
50% -
40% A
30% -
20%

10%
0%

Education Shopping  Personal Social Senve
business  recreation passenger

Figure 3-29 Breakdown of non work trips by distance for each purpose — trips
starting from home in City of Sydney LGA (2006 HTS)

Table 3-5 below summarises the proportion of non work trips starting from homes in the City
of Sydney LGA to key regional centres. These figures indicate that Randwick, Bondi
Junction and Marrickville are key external destinations for non work trips.
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Table 3-5 Distribution of non work trips to key regional centres —trips starting

from home in City of Sydney LGA

Location % all Non Work % Non Work
Trips from LGA Trips > 2 km
Randwick / UNSW 1.9% 4.3%
Bondi Junction 1.9% 4.5%
University of Sydney 2.5% 0.8%
Netwown 4.8% 1.2%
Marrickville 2.2% 3.9%

3.24 Summary

The following conclusions are made from the preceding analysis of existing travel patterns in
the City of Sydney LGA:

Work trips

the percentage of Green Square residents working from home is likely to increase
slightly from its 2001 level of 3.1% to a level closer to the City of Sydney average of
about 4%

in the short term, the level of employment self-containment in Green Square (the
proportion of residents working in the area) is likely to decrease slightly as new residents
are more likely to be working in professional occupations in the Sydney CBD and other
established regional centres

in the long term, the level of employment self-containment could increase back to
around 2001 levels as commercial employment increases in the Town Centre

the proportion of Green Square residents working in the CBD is likely to increase
significantly from its 2001 level of 18% to levels similar to that of Pyrmont / Ultimo which
had levels in 2001 of about 30%

the proportion of Green Square residents working in Randwick and Bondi Junction is
likely to remain low, but significant, at around 3%

the proportion of Green Square residents working in the industrial areas of South
Sydney and the Airport / Port areas is likely to decrease slightly.

Non work trips

City of Sydney residents are more likely to make more frequent and shorter non work
trips (particularly shopping and social / recreation) than residents of other parts of
Sydney

the vast majority of shopping trips, in particular, are done by walking over a short
distance

the ability for future Green Square residents to access local shopping and other activities
will be a key determinant of the length, distribution and mode of future non-work trips —
in particular this will influence the level of self-containment of non-work trips.
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Land use modelling

Overview

The Green Square PT model incorporates detailed modelling of land use within the study
area in combination with a set of aggregated external zones. The purpose of the land use
modelling component is to accurately capture the proposed future zoning of the area and
land use intensities to estimate the quantum and distribution of future population and
employment. By this method the impacts of increased densities in certain areas and
changes in designated use are captured within the model.

Study area land use

4.2.1 Methodology

Figure 4-1 below shows the zoning system used in the study area. A total of 90 model zones
are used to broadly represent the future land use zoning described in the current LEP for the
Green Square area. Floor space ratios (FSRs) for each zone are also specified based on
those allowed under the current LEP — these are grouped into categories as shown in
Figure 4-2. The zoning designation and the allowable FSRs are used to determine
population and employment under ultimate development conditions using the following
procedure:

= TOD Trips calculates gross site area for each zone as drawn
= et site area is calculated by applying a factor to the gross site area

= total gross floor area (GFA) is calculated from applying the maximum FSR to the net site
area

= total GFA is distributed between residential, commercial and industrial land uses based
on the zoning designation

= total dwellings are estimated by applying an average GFA per dwelling to the residential
GFA component

= total population is estimated by applying an average household size to the number of
dwellings (derived from TDC projections)

= total employment is estimated by applying average GFA per worker factors to the
commercial and industrial GFA components; these factors were derived from the City of
Sydney Floorspace Survey.

This procedure is only applied to future land use scenarios - as described in the next
section, population and employment estimates for the Existing Base Case were derived from
TDC figures.
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4.2.2 Existing Base Case

Population and employment figures for 2001 from TDC Travel Zone data were used as the
basis for assigning population and employment to each model zone. The Green Square
study area is covered by part or all of the following 2001 Travel Zones — 75, 78, 79, 80, and
81.

In 2001, there were three main types of land use within the redevelopment area:

= established medium density residential areas (largely terrace housing) at Beaconsfield
(west and east of Botany Road south of Green Square); south end of Elizabeth Street
(immediately north east of Green Square) and Alexandria Park area

= Jargely vacant or low density industrial areas — eastern parts of Zetland and Waterloo
(east of Botany Road and Bourke Street)

= active, higher density industrial and mixed use at North Rosebery (south of Epsom
Road), Alexandria and western part of Zetland (west of Botany Road).

Based on the land use pattern in 2001, and the travel zone boundaries, factors were used to
provide an estimate of study area 2001 population and employment as summarised in
Table 4-1.

Table 4-1 Derivation of study area 2001 population and employment

Travel 2001 TDC Forecasts Study Area Proportion
Zone Popn Empl Popn Empl
75 1,044 10,523 100% 50%
78 3,712 7,963 15% 70%
79 223 7,963 100% 100%
80 429 2,974 100% 100%
81 2,238 2,083 10% 80%
Total 7,646 31,506 2,477 23,439

The estimates of 2001 study area population and employment are 2,500 and 23,400
respectively. The 2,500 population estimate matches the City of Sydney estimate for the
Green Square community profile.

Based on knowledge of the land use in 2001, Figure 4-3 and Figure 4-4 show the resulting
densities of population and employment across the different zones in the study area.

42.3 Future Base Case

Estimation of future population and employment for the Future Base Case (2031) uses the
procedure outlined in section 4.2.1 earlier. Under future conditions it is assumed that all of
the study area is developed to the same degree as allowed under the current planning
controls. That is, the planning controls determine the ultimate density of land use, while the
total level of development is controlled by the dwelling, population and employment forecasts
provided by the City of Sydney as reviewed by the Department of Planning. Separate
forecasts have been provided for the Town Centre and other areas - see Table 4-2 below.
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Table 4-2 City of Sydney projections for Green Square (2031)

Town
Centre Other Total
Dwellings 2,500 12,500 15,000
Residents 4,500 23,500 28,000
Workers 7,000 15,000 22,000

Within the Town Centre, detailed estimates of residential, retail and commercial gross floor
area and the number of residents and jobs by site are provided in the Green Square Town
Centre Infrastructure Strategy - see Table 4-3 below. These figures were used to specify
population and employment for each of the model zones in the Town Centre which match
the development sites. Overall, a total of 410,000 square metres of GFA is envisaged in the
Town Centre (with a potential for an additional 10%) with a resident population of 4,500 and
7,000 jobs.

Table 4-3 Green Square Town Centre projections (2031)

Dev Site Dev Site Total Comm'l Retail Res'l Workers  Dwellings Pop'n
No Area sg.m GFA GFA GFA GFA
1 4,271 41,700 39,600 2,100 - 2,386 - -
2 1,378 15,900 15,900 - - 914 - -
3 1,062 5,900 5,800 100 - 339 - -
4 839 5,300 5,300 - - 305 - -
5 4,911 22,100 3,000 3,100 16,000 334 140 251
6 5,248 35,800 10,000 - 25,800 575 225 405
7 2,939 19,100 6,000 - 13,100 345 114 206
8 7,944 43,900 5,100 1,600 37,200 377 324 584
9 6,461 27,800 1,800 - 26,000 103 227 408
10 2,066 7,200 700 - 6,500 40 57 102
11 10,140 21,100 500 - 20,600 29 180 323
12 8,712 31,200 - - 31,200 - 272 490
13 17,067 35,000 2,400 2,400 30,200 263 263 474
14 8,539 22,000 4,600 - 17,400 264 152 273
15 6,158 22,600 - - 22,600 - 197 355
16 3,360 11,600 1,300 - 10,300 75 90 162
17 1,576 6,800 1,500 400 4,900 107 43 77
18 428 4,400 300 300 3,800 33 33 60
19 4,496 30,600 3,000 6,500 21,100 512 184 331
TOTAL 97,595 410,000 106,800 16,500 286,700 7,000 2,500 4,500

Outside the Town Centre, the planning controls — zoning and FSR - were used to determine
the likely future distribution of population and employment.

Figure 4-5 and Figure 4-6 show the resulting distribution of population and employment
density across the study area under the Future Base Case scenario (2031).
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NOTE: Shading is generally indicative of population densities — darker shading represents higher densities
NOTE: The existing base case scenario uses the two sources of population distribution for Green Square. (TDC
2001 estimates of population and employment and City of Sydney 2001 land use data).

Existing Base Case Scenario — indicative population distribution

Figure 4-3
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NOTE: Shading is generally indicative of employment densities — darker shading represents higher densities

NOTE: The existing base case scenario uses the two sources of population distribution for Green Square. (TDC
2001 estimates of population and employment and City of Sydney 2001 land use data).

Figure 4-4  Existing Base Case Scenario —indicative employment distribution
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A

NOTE: Shading is generally indicative of population densities — darker shading represents higher densities

Figure 4-5  Future Base Case Scenario (2031) — indicative population distribution
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NOTE: Shading is generally indicative of employment densities — darker shading represents higher densities
Figure 4-6  Future Base Case Scenario (2031) — indicative employment distribution
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External zones

Travel to and from outside the study area is represented by way of the following set of broad
aggregated external zones:

Redfern

Surry Hills
CBD South
Sydney Outer
CBD North
North Shore
Chatswood
Macquarie Park
Bondi Junction
Randwick
Airport Inner
Airport Outer
Eveleigh

Inner West
North

East

South

West

South West.

Section 5.3.4 of this report describes how travel between the study area and these external
zones is modelled within TOD Trips.
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Trip generation and distribution

Overview

The public transport model focuses on the weekday morning peak time period (two hour),
and models work and non work trips. Estimates are made of person work and non work trip
productions and attractions for each zone inside the study area. These person trips are then
distributed internally as well as across the external zones. The PT model does not include
trips that start and end outside the study area — thus, trips passing through the study area
are not included.

Within this section the trip generation and distribution procedures are applied to both the
Existing Base Case (2001) and the Future Base Case (2031). While data for the year 2001
is used to estimate appropriate factors for the Existing Base Case, assumptions about how
these factors might change are applied to the Future Base Case. In particular, consideration
needs to be given to the new residents of the Green Square area, and it is assumed here
that their travel patterns are more likely to be similar to those of other, higher density parts of
the City of Sydney.

Trip generation

Estimates of morning peak two hour (7:00 — 9:00), work and non work, person trip
productions and attractions were made within TOD Trips for each study area zone using a
series of factors applied to population and jobs. Trip productions were based on applying
factors to the population of a zone, while trip attractions were based on the number of jobs in
a zone (trips from work to home in the morning peak are included in the non work trips).

Work Trips

2001 and 2006 Census and JTW data for the study area and 2006 HTS data for the South
Sydney SLA reveal the following:

= the ratio of workforce to population (the workforce participation rate) was 0.44

= the ratio of JTW trips made on census day (excluding non travel) out of a travel zone to
workforce was about 0.75

= the proportion of trips to work made in the morning peak (7:00 — 9:00 am) period was
63%

= the ratio of JTW trips into a travel zone to jobs is 0.77.

Non Work Trips

HTS data for the City of Sydney was analysed to estimate non work trip productions and
attractions as a proportion of work trips:

= for each work trip produced in the morning two hour peak there was about 1.0 non work
trip produced

= for each work trip attracted in the morning peak there was about 0.7 non work trips
attracted.
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Figures for the Sydney Inner and Sydney Remainder SLAs were used as the basis for
estimating the future value of the above factors. The following changes are put forward with
regards to future Green Square residents in comparison with those in 2001:

= the workforce participation rate is expected to increase from 0.44 to 0.49 reflecting a
higher proportion of smaller household sizes (lower average household size and less
families)

= the proportion of workers travelling to work on any weekday is expected to increase from
0.75 10 0.85

= the proportion of jobs attracting a work trip on any weekday is expected to remain at
0.77

= the proportion of workers travelling in the morning peak is expected to increase slightly
from 63% to 65% (reflecting a lower proportion of manual workers)

= the ratio of non work to work trips in the morning peak is expected to decrease from 1.0
to 0.75 for trip productions and 0.7 to 0.6 for trip attractions (again reflecting less non
working population).

Table 5-1 below summarises the trip generation factors used for the Existing and Future
Base Cases along with the total number of morning peak work and non work trips produced
and attracted to the study area zones.

It is important to note that despite the planned redevelopment of large areas of industrial
land as residential and mixed use, there is expected to be a small increase in employment in
the study area as use of remaining employment land intensifies. The net result is that more
morning peak trips are expected to be attracted to the study area in the future than trips
produced — that is there will remain a net inflow of trips in the morning peak.

Table 5-1 Trip generation summary —assumption for existing (2006) and future

(2031)
Factor 2006 2031
Workforce participation rate 0.44 0.49
JTW travel, trips out per workforce 0.75 0.85
JTW travel, trips in per job 0.77 0.77
Proportion of work trips out during AM peak 63% 65%
Proportion of work trips in during AM peak 63% 63%
Ratio of non work to work trips out, AM peak 1.0 0.75
Ratio of non work to work trips in, AM peak 0.7 0.6
Total population 2,477 28,000
Total employment 23,439 22,000
Total work trip productions 515 7,580
Total work trip attractions 11,370 10,672
Total non work trip productions 515 5,685
Total non work trip attractions 7,959 6,403
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Trip distribution

53.1 Overview

The PT model handles trip distribution differently to most traditional four-step models by
using a combination of specified parameters and gravity model techniques. Trip distribution
is done in this way to avoid problems that can arise from uncontrolled application of a gravity
model to growth areas where new trip productions are sometimes distributed to a small
number of local zones.

The objective of the trip distribution module is to distribute trips across the following:

= |ntrazonal trips — those trips that start and end inside a model zone — mostly work from
home

= [nternal trips — those interzonal trips that start and end inside the study area

= External trips — those interzonal that pass between internal and external zones.

5.3.2 Intrazonal trips

The Green Square model zones are small and it is assumed that intrazonal work trips are
equivalent to residents that work at home. The following work at home proportions are
assumed based on the 2006 JTW analysis — see section 3.2.1:

= Existing Base Case — 2.3%
=  Future Base Case — 4.0%.

By definition, non work trips are made by leaving the home but up to 10% of non work trips
are assumed to occur within the model zone — these represent short trips (typically less than
500 metres in length).

5.3.3 Internal trips

The study area self-containment ratio is specified as a parameter in the PT model and can
be varied to test the implications of higher or lower self-containment on transport demand.
The internal trips are then distributed within the study area using a gravity model.

For the Existing Base Case (2006), the following self-containment ratios were used based
on the 2006 JTW data and an analysis of HTS data:

= 10.7% self-containment for work trips (including working from home)

= 50% self-containment for non work trips — this is based on a City of Sydney average of
about 66% of non work trips having a trip length of less than 2 km.

Currently the 2006’s self-containment ratios have been adopted for the Future Base Case
(2031).
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5.3.4 External trips

The distribution of trips leaving and entering the study area is specified across each external
zone. For the Existing Base Case scenario the distribution of work trips is drawn from the
2001 and 2006 JTW data.

As discussed in Section 3.1.3 earlier the external distribution of work trips is likely to change
in the future:

= the proportion of Green Square residents working in the CBD is likely to increase
significantly from its 2001 level of 18% to levels similar to that of Pyrmont / Ultimo which
had levels in 2001 of about 30%

= the proportion of Green Square residents working in Randwick and Bondi Junction is
likely to remain low, but significant, at around 3%

= the proportion of Green Square residents working in the industrial areas of South
Sydney and the Airport / Port areas is likely to decrease slightly.

Table 5-2 summarises the assumed trip distributions for work trips into and out of the study
area under the Existing and Future Base Scenarios.

Table 5-2 Assumed external work trip distribution — Existing and Future Base

Case

External Existing Base Case Future Base Case

Zone Trips Out Trips In  Trips Out Trips In
Redfern 2.4% 1.0% 2.6% 2.2%
Surry Hills 3.1% 0.2% 3.4% 0.9%
CBD South 8.0% 0.4% 12.0% 0.8%
Sydney Outer 11.2% 3.5% 12.0% 5.5%
CBD 17.2% 0.3% 23.9% 0.7%
Inner North 9.7% 5.9% 10.2% 6.4%
North 0.8% 3.4% 0.7% 3.7%
North East 0.6% 2.9% 0.5% 3.2%
Bondi Junction 1.5% 0.3% 1.3% 0.3%
Randwick 3.0% 0.2% 2.5% 0.2%
Airport Inner 1.8% 0.0% 1.3% 0.0%
Airport Outer 5.8% 0.6% 3.4% 0.6%
Eveleigh 0.2% 0.2% 0.9% 0.2%
Inner West 4.4% 6.7% 3.8% 7.3%
North West 0.8% 7.2% 0.7% 7.9%
East 19.0% 19.8% 12.0% 17.5%
South 5.9% 30.9% 5.0% 27.4%
West 3.6% 10.6% 3.1% 8.8%
South West 0.8% 5.8% 0.7% 6.4%
Total 100.0% 100.0% 100.0% 100.0%

NOTE: Trips out refers to trips out of the study area
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It is more difficult to develop detailed information on the distribution of non work trips other
than to note that there are a high percentage of short, local trips. Section 3.2.3 earlier
indicated that Randwick, Bondi Junction and Marrickville were important external
destinations for non work trips. Table 5-4 below summarises the assumed distribution of
external non work trips out of the study area — the same distribution is assumed for the
Existing and Future Base Cases.

Table 5-3 Assumed distribution of external non work trips (Existing and Future

Base)

Trips Out Trips In
Redfern 7.0% 1.0%
Surry Hills 7.0% 0.2%
CBD South 4.0% 0.4%
Sydney Outer 14.0% 3.5%
CBD 4.0% 0.3%
Inner North 4.0% 5.9%
North 2.0% 3.4%
North East 1.0% 2.9%
Bondi Junction 5.0% 0.3%
Randwick 5.0% 0.2%
Airport Inner 2.0% 0.0%
Airport Outer 3.0% 0.6%
Eveleigh 2.0% 0.2%
Inner West 9.0% 6.7%
North West 1.0% 7.2%
East 17.0% 19.8%
South 10.0% 30.9%
West 2.0% 10.6%
South West 1.0% 5.8%
Total 100.0% 100.0%
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0. Mode choice model

6.1 Model structure

Figure 6-1 describes the structure of the mode choice model used within the Green Square
PT model. A total of four modes are considered to be available — car, public transport, cycle
and walk. The car mode includes the use of any private motorised vehicle as driver or
passenger. Public transport is assumed to be bus or rail. Cycle and walk are trips where
these are the only modes used (that is, a walk / bus trip is classified as a bus trip).

The model structure is a nested logit model with three levels. The structure is intended to
replicate expected mode choice behaviour in that it assumes people first decide whether to
use car or not, and then decide whether to use public transport or not, and then decide
whether to walk or cycle.

At each level of the nested model, the split between the two alternatives is done as a
binomial logit based on estimated generalised costs of the alternatives. At higher levels,
composite generalised costs are used based on the following formula:

Composite Cost=1/Alog[exp (-ACy)+exp(-ACy)]
where,
C1, C2 = cost of alternatives 1 and 2

A = sensitivity parameter

Person
Trips

/N

Non

/ N\

Cycle / Walk

/" \

Cycle Walk

Car

Public
Transport

Figure 6-1  Mode choice model structure
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Travel attributes

6.2.1 Overview

The mode choice model is based upon generalised cost estimates for alternative modes
which, in turn, are based upon estimates of travel attributes. The PT model uses the
following processes for estimating travel attributes for different modes:

= car - travel attributes including travel times and costs are specified outside the model
(that is, there is no modelling of the traffic network)

= public transport — travel attributes, including travel time, walk time, wait time, transfers
and fares, are estimated within the PT model based on specified public transport routes
and services

= walking and cycling — walk and cycle travel times are estimated based on specified
average speeds and distance factors.

6.2.2 Car travel
The following attributes of car travel are specified for internal and external trips:

= distance factor — applied to straight line distance between zones to allow for the density
of the road network

= average speed — specified separately for internal travel and to and from each external
zone

= operating costs — average operating cost in $ per km
= parking costs — destination parking cost, $ per trip
= parking time —destination time for parking including car parking time and walking time.

The assumed vehicle operating cost is $0.25 per km based on the ATC Guidelines (Volume
5, p. 42) with an adjustment to 2006 prices.

6.2.3 Public transport travel

Travel by public transport services (bus or rail) are modelled as a combination of access,
main mode and egress segments.

Walk access to bus stops and the Green Square rail station is modelled for all zones in the
study area.

Travel attributes for public transport travel are estimated by the TOD Trips model based on
specified public transport networks and services. Figure 6-2 below shows the assumed
public transport (bus) network for the Existing and Future Base Case scenarios. Bus
services running on the network are specified separately for each scenario.
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Study area bus network — Existing Base Case (2006)

Public transport service attributes include service frequency and travel times between
stations and stops — the latter is based on either specified schedule times or network
speeds. Public transport travel between the study area and external zones is modelled by

way of specifying key regional bus and rail services.

The TOD Trips model applies shortest path algorithms to select a set of shortest paths
between each origin and destination zone pair based on the specified network and services.
Walk access to different adjacent parts of the public transport network is modelled from the
centroid of each zone with parameters applied to allow for the degree of permeability in each
zone.

Once the shortest public transport paths between each zone pair are determined, the

following public transport travel attributes are estimated:

walk access and egress time
total service waiting times
total service in-vehicle times
total number of transfers

fare.
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Fares are specified separately for bus and rail services using the following broad
assumptions:

= CityRail fares are assumed to be $2.40 plus 6 cents per minute

= the Green Square station access levy is assumed to be $1.50 per trip (based on
comparative prices for a weekly ticket to the City from Green Square and Sydenham)

= bus fares in and around the study area are assumed to be a flat $2.00.

6.2.4 Walking and cycling

Walking and cycling times for travel between each origin and destination zone pair are
estimated from applying specified distance factors and average speeds to the straight line
distances between zones. The distance factors are used to allow for different densities in the
walking and cycling network. Cycling average speeds can be varied to allow for the effect of
cycle facilities.

For the Existing Base Case (2006) scenario the following parameters were used:

= average walk speed = 3.5 km/h

= average cycle speed = 15 km/h.

Generalised costs

The travel attributes for travel by each alternative mode are combined into a single
generalised cost for that mode using weights. The different values for the weights allows for
different valuations of the components of travel (compared with in-vehicle travel time). For
example, a weight of 1.4 is often applied to waiting time to allow for the fact that most people
value waiting time at a rate about 40% higher than in-vehicle travel time. Similarly, a penalty
of about 10 — 15 minutes is applied to forced transfers between services to allow for the
inconvenience this causes to passengers.

The values of generalised cost weights can be derived from stated preference surveys
targeted at the particular markets of interest. In the absence of such survey data, values can
be specified based on established guidelines and interpretation for the local context.

For the Green Square PT model, the Australian Transport Council guidelines were used to
specify appropriate values for the weights for car and public transport travel — these are
summarised in Table 6-1 below. A value of time for cycling was chosen between that for car
/ PT and walk.

Table 6-1 Generalised cost weights

PT in-vehicle time 1
Car in-vehicle time 1
PT wait time 1.4
Walk time 1.4
Cycle time 1.2
Transfer penalty min 14
PT value of time $/hour $10
Car value of time $/hour $10
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Model calibration and validation

6.4.1 Overview

Mode choice models need to be calibrated, where possible, against existing mode choice
behaviour. The nested logit — generalised cost model formulation provides two types of
parameters for calibration:

= mode-specific constants — these parameters allow for differences in mode preferences
not accounted for by travel attributes

= sensitivity parameters — these parameters allow for different sensitivities to variations in
generalised costs.

Although it is also possible to vary the generalised cost weights applied to the travel
attributes, this is usually not done.

Calibration and validation of the mode choice model was done in two steps:

= calibration of the model against the trip distance profile from the 2001 JTW data for trips
to the Sydney CBD

= further calibration against 2006 JTW patterns for the study area.

6.4.2 Trip distance calibration

The variation in mode share by trip distance for all 2006 JTW ftrips to the Sydney CBD was
shown in section 3.2.2. This profile was used as the basis for developing the mode choice
model structure. Each of the three levels of the nested logit model was calibrated separately
based on assumed travel attributes for CBD travel for the different modes. These
assumptions along with the Generalised Cost weights in Table 6-1 were used to generate
generalised cost estimates for travel by each of the four modes for different trip distances.
The mode specific constants and sensitivity parameters were then varied in order to match
the profile from the 2006 JTW data as closely as possible.

Figure 6-3 provides a comparison between the modelled variation of mode share with trip
distance and that produced earlier from the 2006 JTW data. This figure shows that the mode
choice model structure adopted for the PT model is able to replicate the general changes in
mode share with trip distance.
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Mode Share by Trip Distance
(Trips to CBD)
2006 JTW Data
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Figure 6-3  Comparison of mode share variations with trip distance (to CBD)
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6.4.3 Study area calibration

The mode choice model structure developed in the preceding section was applied to the
study area for the Existing Base Case (2006) scenario. Further adjustments were made to
the mode specific constants to match model mode shares to those reported in the 2006 JTW
data.

Table 6-2 and Table 6-3 below provide a summary of the final validation of the mode choice
model against 2006 JTW data for trip productions and attractions. It should be noted that the
travel zones used for the 2006 JTW analysis cover an area larger than the study area and
walk, cycle and other mode were aggregated under the category ‘other modes’. In general,
the mode choice model reproduces the mode shares revealed by the 2006 JTW, particularly
for PT mode share. However, there are some differences between model estimates and
JTW 2006 among study and some external destinations.
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Table 6-2 Validation of PT model — trip productions

Origin % of Total Mode Choice Model,% 2006 JTW Data
Trips Out
Car PT Cycle Walk Total Car PT Other Total
Modes
(Cycle,
Walk, etc)

Internal 33.3% 13.1% 1.7% 51.9% 100.0% 56% 30% 14% 100%
Redfern 2.4% 39.0% 18.0% 4.2% 38.9% 100.0% 35% 37% 27% 100%
Surry Hills 3.1% 81.0% 8.6% 1.2% 9.2% 100.0% 22% 29% 49% 100%
CBD South 8.0% 60.5% 27.1% 3.0% 9.3% 100.0% 16% 34% 50% 100%
Sydney Outer 11.2% 82.6% 15.6% 0.6% 1.3% 100.0% 35% 34% 31% 100%
CBD 17.2% 41.4% 55.5% 1.8% 1.2% 100.0% 26% 21% 52% 100%
Inner North 9.7% 87.2% 10.9% 0.7% 1.2% 100.0% 59% 31% 10% 100%
North 0.8% 71.2% 26.1% 1.4% 1.2% 100.0% 71% 25% 4% 100%
North East 0.6% 79.4% 19.3% 0.0% 1.2% 100.0% 76% 17% 6% 100%
Bondi Junction 1.5% 99.2% 0.0% 0.0% 0.8% 100.0% 39% 45% 16% 100%
Randwick 3.0% 84.1% 14.5% 0.2% 1.2% 100.0% 39% 22% 38% 100%
Airport Inner 1.8% 94.8% 3.8% 0.2% 1.2% 100.0% No record
Airport Outer 5.8% 98.6% 0.1% 0.0% 1.2% 100.0% 57% 31% 12% 100%
Eveleigh 0.2% 75.7% 1.6% 1.5% 21.2% 100.0% 39% 38% 22% 100%
Inner West 4.4% 84.3% 15.1% 0.0% 0.6% 100.0% 59% 32% 8% 100%
North West 0.8% 98.4% 0.3% 0.0% 1.2% 100.0% 83% 14% 3% 100%
East 19.0% 77.3% 20.7% 0.7% 1.2% 100.0% 60% 30% 10% 100%
South 5.9% 98.7% 0.0% 0.0% 1.2% 100.0% 70% 25% 5% 100%
West 3.6% 19.3% 79.4% 0.0% 1.2% 100.0% 76% 20% 4% 100%
South West 0.8% 74.6% 241% 0.0% 1.2% 100.0% 83% 14% 3% 100%
All External 100.0% 72.2% 23.8% 1.0% 3.0% 100.0% 71% 22% 7% 100%
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Table 6-3 Validation of PT model — trip attractions

Origin % of Total Mode Choice Model,% 2006 JTW Data
Trips In
Car PT Cycle Walk Total Car PT Other Total
Modes
(Cycle,
Walk, etc)

Internal 33.3% 13.1% 1.7% 51.9% 100.0% 77% 17% 5% 100%
Redfern 1.0% 56.8% 12.8% 3.3% 27.2% 100.0% 51% 37% 12% 100%
Surry Hills 0.2% 65.5% 17.8% 2.3% 14.3% 100.0% 29% 60% 11% 100%
CBD South 0.4% 87.2% 10.4% 0.8% 1.6% 100.0% 24% 67% 8% 100%
Sydney Outer 3.5% 93.2% 5.9% 0.4% 0.4% 100.0% 52% 35% 14% 100%
CBD 0.3% 95.5% 4.2% 0.2% 0.1% 100.0% 19% 72% 8% 100%
Inner North 5.9% 92.8% 6.9% 0.3% 0.0% 100.0% 67% 26% 7% 100%
North 3.4% 94.3% 5.5% 0.2% 0.0% 100.0% 83% 10% 6% 100%
North East 2.9% 50.2% 49.3% 0.5% 0.0% 100.0% 85% 8% 7% 100%
Bondi Junction 0.3% 97.6% 2.4% 0.1% 0.0% 100.0% 45% 44% 1% 100%
Randwick 0.2% 70.5% 29.0% 0.4% 0.1% 100.0% 62% 21% 17% 100%
Airport Inner 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 85% 12% 3% 100%
Airport Outer 0.6% 100.0% 0.0% 0.0% 0.0% 100.0% 80% 15% 5% 100%
Eveleigh 0.2% 54.6% 4.0% 3.7% 37.7% 100.0% 53% 39% 8% 100%
Inner West 6.7% 18.8% 81.1% 0.0% 0.0% 100.0% 75% 17% 8% 100%
North West 7.2% 89.9% 10.0% 0.1% 0.0% 100.0% 91% 5% 4% 100%
East 19.8% 92.2% 7.6% 0.2% 0.0% 100.0% 75% 14% 11% 100%
South 30.9% 100.0% 0.0% 0.0% 0.0% 100.0% 82% 10% 8% 100%
West 10.6% 17.2% 82.7% 0.0% 0.0% 100.0% 86% 10% 4% 100%
South West 5.8% 18.9% 81.1% 0.0% 0.0% 100.0% 90% 5% 4% 100%
All External 100.0% 75.7% 23.7% 0.2% 0.4% 100.0% 70% 23% 7% 100%
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