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Spatial Analysis of Future Macro-Urban Form, Greenh  ouse Gas Emissions
and Transport Energy Outcomes for Melbourne

1 Introduction

The implications of climate change and peak oil present major challenges for policy makers.
These challenges will have an impact on transport costs, mode choice, volume of travel made and
the attractiveness of using different transport technologies. They are also likely to influence the
structure of our cities and how they function in the future.

An important area of debate centres on the capacity of urban form (and investment in
infrastructure) to influence mode choice, transport energy consumption and resultant greenhouse
gas emissions. Many advocates in Australia and elsewhere have promoted the need to invest
more in public transport as the means to positively influence the level of greenhouse gas emitted
and transport energy consumed. In addition, arguments for higher urban densities, particularly at
activity centres with good accessibility, have been based, in part, on its potential to increase
public transport ridership and lower negative environmental externalities such as greenhouse gas
emissions.

The Victorian Government’s Department of Transport has been undertaking a broad program of
work investigating the relationship between urban form, greenhouse gas emissions and transport
energy outcomes. The work aims to improve the Department’s understanding of the relationship
between the structure of the city and how this influences transport energy consumption and
greenhouse gas emissions. From this may be developed a better understanding of the likely
effects that changes in the energy sector will have on transport (including the impact of climate
change).

One part of this work, detailed below, relates to the analysis of the potential relative impact of
different transport infrastructure options, coupled with different land use development scenarios,
on greenhouse gas emissions and transport energy outcomes. It seeks to inform our
understanding of the long-term potential for different types of land use to positively influence
emissions and energy outcomes if integrated with compatible transport infrastructure and service
provision. Moreover, it will demonstrate how the use of analytical tools that highlight potential
impacts of transport investments and land-use changes at the small spatial scale can help us
better understand the implications for urban structure.

2 The Benefits of Small-Area Spatial Analysis of Ma  cro-Urban Form

Previous studies that have analysed greenhouse gas emission outcomes for different patterns of
development have tended to present results at the metropolitan scale. Examples include the
Victorian Urban Villages Project authored by Michael Buxton, and the AHURI study lead by Peter
Newton.
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More recently, a study by Trubka, Newman and Bilsborough (2008)? into the economic costs of
urban development decisions in Australia (particularly Sydney and Melbourne) presented
evidence at a Local Government Area (LGA) level. This enabled the study to compare
infrastructure provision, transportation, greenhouse gas emissions and inactivity-related health
costs in ‘typical’ inner and outer areas within these respective cities (‘typical’ meaning higher-
density, mixed use inner areas, and highly car-dependent, single-use dominated outer areas). In
so doing, the study found that there are greenhouse and health benefits to be derived from
higher-density, mixed-use transit-oriented development.

By summing results produced at the LGA level, the study by Trubka et al represents a marked
improvement over macro-urban form studies that merely aggregate their data at a metropolitan
level. Such a region-based analysis can, for instance, help describe the cumulative impact of
investments and will assist with analysing the total impact of a package of investment proposals.
However, it still has limitations; namely, it cannot account for the substantial variations in emission
and transport energy outcomes within individual LGAs as a result of different, smaller-area land
use patterns and location of transport corridors.

In contrast, by using small area analysis the variations between sub-regions and between
neighbourhoods may become apparent. This is because investments in transport infrastructure,
as well as changes to public transport service levels, can effect change at the route level; and it is
at the route level that the variations can be better understood. After all, transport is a spatial
activity and changes in transport infrastructure will not be uniform across the city.

When analysing the impact of land use proposals, in conjunction with transport proposals, small
area analysis can be particularly useful, in that it can assist in an understanding of the spatial
determinants of the transport task. The transport task itself is determined by the location and size
of population and employment. Changes in population and employment will therefore change the
level of transport demand. When these land use changes can be illustrated at the small area
level, the localised change to transport demand can also be described.

The project described below uses small area analysis to assess the relationship between urban
form, transport energy and greenhouse gas (GHG) emissions.

3 Investigating the Relationship between Urban Form , Transport Energy and
Greenhouse Gas Emissions in Melbourne

The Macro-Urban form and Transport Energy Project, undertaken by the Department of
Transport, has sought to assist in the development of a better understanding of the impact of
location and urban form on greenhouse gas (GHG) emissions and transport energy outcomes in
Melbourne. It has sought to do this through:

A better understanding of how urban structures may influence transport costs/energy use and
the behavioural responses by individuals and firms to changes in transport costs;
Refocusing urban development on patterns that support efficient transport choices;
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Quantifying macro urban form outcomes that produce more liveable and accessible urban form
outcomes; and
The development of land use-transport scenarios to test transport energy outcomes.

Four macro-urban form measures were developed for this analysis: location, population density,
employment density, and access to public transport. These measures had the benefit of being
able to be used consistently across Melbourne; they were also readily available for all transport
zones, and had data outputs that matched the data outputs provided by the transport model.

The measures used may be defined as follows.

Location: straight line distance from the transport zone centroid to a central point in the
Melbourne CBD (nominally, the former GPO at the corner of Bourke and Elizabeth).
Population density: transport zone population as at 2006, divided by the total area of the
transport zone in hectares.

Employment density: transport zone employed persons as at 2006, divided by the total
area of the transport zone in hectares.
Type and level of public transport infrastructure: a calculation was made for each

transport zone, based on the level of service for train, tram and bus services traversing the
transport zone for the average weekday (AWD).

The main spatial geography used in this analysis are the 2253 Transport Zones across the
Melbourne metropolitan area that form part of the DOT’s ‘Melbourne Integrated Transport Model’
(MITM).

The analysis conducted using this model has so far established that in Melbourne (1) there are
strong links between urban form and transport energy and emissions outcomes; and that (2)
different levels of greenhouse gas emissions and transport energy outcomes will result from
different types of urban form.

To arrive at these conclusions, the analysis employed modelling to estimate transport greenhouse
gas emissions and transport energy outcomes for Melbourne. Using MITM, total average week
day trips, mode share and average vehicle travel speeds were calculated for private motor
vehicles, buses, trains and trams trips for each of the 2253 Transport Zones in Melbourne. By
applying fuel consumption rates by mode and vehicle occupancy rates, the amount of energy
consumed by trip kilometre and energy consumed per passenger kilometre was calculated for
each of the Transport Zones in the Melbourne MSD. Estimates were also made for Greenhouse
Gas Emissions by Transport Zone.

Further work was then undertaken to identify a number of future possible scenarios for urban (and
transport infrastructure) development in Melbourne. The object of this exercise has been to
examine, through further modelling, which scenario might produce the highest efficiency in
transport energy usage, as well as the lowest level of transport-related emissions.

" For a detailed discussion of the methodology used in the modelling, please consult Appendix 1.
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4 Estimates for Melbourne 2006
The resulting estimates for Melbourne as of 2006 are outlined below.

4.1 Mode Results

The fuel consumption rates and energy rates for private vehicles, buses, trams and trains are
outlined in Table 1 below. All figures have been calculated for the average weekday as at 2006.
The modelling makes allowance for variations in vehicle speed and these results are also shown
in Table 1. As is to be expected, buses consume substantially more fuel, and correspondingly
consume substantially more energy, than private motor vehicles. However, when considered in
terms of energy consumed by passenger kilometre, buses are around two and a half times more
energy efficient than private motor vehicles (assuming the services are well patronised).

Table 1. Average Metropolitan Transport Energy MIT M Outputs by Mode, 2006

FCR per vehicle | Energy Rate Energy Rate
Speed (km/hr) (L/100 veh-km) (MJ per veh-km) (MJ per pass km)
PV average 435 14.0 4.78 3.19
PV min 31.9 17.7 6.06 4.04
PV max 67.5 11.8 4.02 2.68
Buses na 26.7 10.31 1.32
Trams na na 10.74 0.43
Trains na na 62.6 0.4

Figures 1 and 2 below provide an illustration of the variation in energy consumed for each mode
per vehicle kilometre travelled and passenger kilometre travelled. In terms of the energy
consumed per vehicle kilometres travelled, the trams and buses consume approximately the
same amount, despite having different energy sources.

Figure 1: Megajoules per vehicle
kilometre by mode, 2006
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Figure 2: Megajoules per passenger
kilometre by mode, 2006
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Figure 3: Emission per passenger results have been influenced by the estimated

kilometre by Mode, 2006 vehicle occupancy rates which include 1.4 persons

per private vehicle’. Figure 3 shows tram and train, driven by electricity generated from brown
coal, tend to have quite high emissions rates, although still below that experienced by private
motor vehicles.

4.2 Melbourne Metropolitan Results 2006

The spatial distribution of greenhouse gas emissions and transport energy in Melbourne for an
average weekday (AWD) in 2006 is illustrated in Figures 4 and 5, below.

The total greenhouse gas emissions for the Melbourne SD were estimated at around 23.5 million
kg for an average weekday, with an average of 1,660 (‘000g) per 1,000 trips. The results show
that private motor vehicles accounted for approximately 94 per cent of emissions. MITM estimates
that the total AWD mode share to public transport was 8.1 per cent as at 2006, indicating that on
a per passenger basis public transport is producing around three quarters of the total quantity of
emissions that are produced by private vehicles. For the Melbourne MSD on an average
weekday (AWD) in 2006 the total energy used for motorised trips was estimated at 450,000,000
MJ. The overwhelming portion of this consumption (98.6%) was for private motor vehicles.

The spatial spread of the greenhouse gas emissions origins show that the inner areas have
significantly less transport-sourced emissions compared to outer areas (GHG emissions here are
measured in ‘000 grams per 1000 trips, i.e. in terms of transport efficiency, rather than simple
totals of emissions). Inner areas exhibiting public transport ‘richness’ have considerably lower
emissions for the motorised trips undertaken than lower-density outer metropolitan areas where
car dependency is greater.

The MITM results for 2006 show that inner city areas such as City of Melbourne, City of Yarra and
the City of Port Phillip have the lowest emissions at around 1,000-1,200 (‘000g) GHG emissions
per 1,000 trips (AWD), while outer areas such as Cardinia, Casey, Melton, Nillumbik and Yarra
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Ranges produce around twice as many emissions per trip, with Cardinia recording the highest
level at 2719 (‘000g) GHG per 1,000 trips.

A similar picture is revealed for Melbourne’s transport energy consumption. Transport energy
usage for the Melbourne region as a whole for 2006 is estimated to be at around 32,000
megajoules per 1000 trips on an average weekday. The results show that transport zones within
the Melbourne CBD’s immediate environs recorded the lowest transport energy usage per 1000
trips, recording outputs per 1000 trips in the 9,000-12,000 MJ per 1000 trip range, less than one
third of the metropolitan average. Outer metropolitan areas recorded the highest usage, with
usage rates above 50,000 MJ per 1000 trips being common. However, most of the results by
transport zone tend to cluster around the 30-40,000 MJ level.

Figure 4 Transport Greenhouse Gas Emissions - Melbo urne 2006 Emissions/1000
trips (‘000Q)
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Figure 5 Transport Energy Trip Efficiency - Melbour ~ ne 2006 (MJ/1000 trips)

When the metropolitan area is, however, divided into the 2253 transport zones of the MITM
model, it is evident that there is substantial spatial variation in emissions and transport energy
efficiency across Melbourne. This spatial variation is, in part, revealed when consideration of the
dominant transport infrastructure is made. Superimposed onto Figures 4 and 5 is an outline of the
metropolitan tram and railway network. The railway is a radial network spanning out from the
CBD. Areas of lower transport energy usage and emissions (per 1000 trips) tend to follow the
railway network, most notably in the middle ring suburbs. Figures 4 and 5 illustrate that corridors
with railway lines tend to have lower transport energy consumption (per 1000 trips). It also shows
that locations within the tram network catchment, including the inner northern suburbs, experience
higher trip energy efficiency levels and lower emissions.
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4.3 Results for Macro-Urban Form Measures, Melbourn e 2006

As discussed, four macro-urban form measures have been developed to assist with the spatial
analysis of greenhouse gas emissions, as transport energy efficiency outcomes, for Melbourne.
These measures were: location, population density, employment density and level of public
transport access.
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Figure 6 Transport GHG Emissions v Distance from Me  |bourne CBD 2006

Figure 6 (above) shows, firstly, that distance from the CBD does have an impact on the level of
transport greenhouse gas emissions, albeit showing a relatively weak correlation. As already
noted in the discussion on Figures 4 and 5, corridors with a railway line exhibit lower greenhouse
emissions than corridors without a railway line. As a general rule, it might be assumed then that in
Figure 6 the transport zones above the line indicate zones that are either further away from public
transport than zones below the line, or have otherwise little or no population but some trips
recorded.

Secondly, in Figure 6 the individual transport zones within several Statistical Local Areas (SLA)
are highlighted, showing the degree of variation in GHG performance that can occur within a local
area (an LGA is usually comprised of several SLAS). Such variations will likely be attributable to
urban form factors. They also underline the limitations of providing data at the LGA level only.

Finally, the results illustrated in Figure 6 show that some transport zones exhibit relatively low
greenhouse gas emissions and yet are at a relatively long distance from the CBD, the opposite of
what might be anticipated. For example, at around 60-65 kilometres from the CBD there are a
cluster of zones (circled in red in Figure 6) recording approximately 1,250 GHG (‘000g) per 1,000
trips (compared to a metropolitan average of around 1,660 GHG (‘000g) per 1,000 trips. About
3,000 GHG (‘000g) per 1,000 trips might be anticipated at this distance based on the trend line

Page 10



average. The assumption made after the further analysis of these particular zones is that there
are some outlying zones that experience low VKT because of the specific demographic nature of
these zones (i.e. they have a higher proportion of older people, who tend to make shorter trips).
The zones themselves are at or near the old town centres of Pakenham and Werribee and on the
Mornington Peninsula. Further analysis of these particular zones, and zones with substantially
higher emissions than that which might normally be anticipated, will help explain the small area
spatial differences in a city such as Melbourne that significantly influence emissions and energy
efficiency outcomes.

5,000

4,500

4,000

3,500

3,000

2,500 §
2,000 &

1,500 +

Emissions per 1,000 trips ('000g)

1,000 -

500

0.0 150 300 450 600 750 900 105.0 1200 1350 150.0 165.0 180.0 195.0
Population and Employment per hectare R2 = 0.6355

Figure 7 Transport GHG Emissions v Population and E~ mployment Density 2006

Figure 7 (above) compares greenhouse gas emissions by the combined total resident population
and employment within each transport zone by the size of each zone in hectares. The results
show that there is a correlation between density and greenhouse gas emissions, with lower
transport GHG emissions reflecting an increase in density.

The bulk of the transport zones have a density of around 10-50 person per hectare, with a spread
of emission levels primarily around 1,200 to 2,200 GHG (‘000g) per 1,000 trips. When the density
declines to below 10 person per hectare the emissions levels tend to increase significantly, with
measures over 2,500 GHG (‘000g) per 1,000 trips commonplace.
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There is also a levelling out of energy use by density, with little change in emission levels from
around 75-90 persons (resident population + workers) per hectare. A similar trend was
experienced for transport energy efficiency.
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Figure 8 Transport GHG Emissions and Public Transpo  rt Access 2006

Figure 8 illustrates transport-related greenhouse gas emissions (‘000g per 1,000 trips) in
accordance with Public Transport Service Level Indices. The general assumption is that the
higher the Index, the lower the emission levels. In general, this assumption holds. However, the
spread of results is uneven. Also, a large humber of zones have a relatively low Index, yet a
relatively broad spread of trip efficiency results. These figures have been removed from the table
pending further analysis.
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Figure 9 Transport GHG Emissions and Public Transpo  rt Mode Share 2006
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The PT indices were based on the relatively simple notion of how many public transport services
traverse each transport zone on an average week day. For some transport zones, given their
small area, only a small number of services, if any, pass through or are within walking distance to
each zone. Further refinement of the PT indices is required to address the large discrepancies
between zone levels so that these measures will be of more use to small area spatial analysis.

Figure 9 illustrates the relationship between public transport mode share and the level of
greenhouse gas emissions per 1,000 trips. As all of the public transport modes produce lower
greenhouse gas emissions on a per passenger kilometre basis compared to private vehicles (see
Figure 3), it is unsurprising that zones with high public transport mode share produce lower
emissions.

A large number of transport zones have a PT mode share of approximately five per cent, plus or
minus two per cent. At this level there is a high level of variation in the quantity of greenhouse gas
emissions produced, within a broad range of 1,200 to 4,000 GHG (‘000g). Once PT mode share
increases from over 12 to over 30 per cent, the range of emission levels become more tightly
packed around 1,000-1,500 GHG (‘000g).
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Figure 10 Transport GHG Emissions by LGA Distance f  rom Melbourne CBD, 2006

The results of the analysis by small area geography area, as described in Figures 6-9, show a
lower correlation than that measured when the same data is assessed at the Local Government
Area level. Figure 10, above indicates a R2 value of 0.68 the transport GHG emissions per 1,000
trips by distance, as measured by LGA. This is a similar to that reported by Trubka, Newman and
Bilsborough (2008) who also found that LGA distance from the CBD was a dominant factor in
explaining GHG emissions. When assessed at the transport zone level, however, where the
variations within Local Government Areas can be taken into account, the R2 value of equivalent
measurement is 0.4971. This lower correlation for small area geographic analysis is also
illustrated in Figure 11 where the R2 value of transport GHG emissions by public transport mode
share at the LGA level was 0.5738, substantial higher than that measured at the transport zone
level, 0.3525.
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These results help to show that there can be substantial variations within even relatively small
geographic areas such as Local Government Areas. Measures such as distance or public
transport mode share may not be as influential measures as thought if, for example, only LGA
level data is used.
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Figure 11 Transport GHG Emissions by LGA Public Tra  nsport Mode Share, 2006
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5 Urban Form and Transport Energy and Emissions Sce

5.1 The Scenarios

narios

The next part of this study involved the development of scenarios to test differing future land use
and transport infrastructure patterns for Melbourne. The object of this exercise has been to
examine, through further modelling, which scenario might produce the highest efficiency in
transport energy usage, as well as the lowest level of transport-related emissions. To achieve this
meant that the land use and transport scenarios would need to have more ‘extreme’ urban form
outcomes than that which might be generally anticipated through extrapolating existing
development trends.

Ten different scenarios (listed below, with their chief descriptors) were identified in the study.
Each scenario represents a particular vision of Melbourne in 2031, according to how, in the future,
population growth may be distributed, and its transport infrastructure shaped.-

10

Current Trend/Base Case

Non-Intervention

Activity Centres (AC)

Activity Centres (AC) Growth
Areas Plus

Super CBD

Super CBD - Parking
Prohibition Variant

Inner City

Polycentric City: Outer
Centres

Polycentric City: Middle
Centres

Linear Development

Continued urban development according to current
patterns, with no change to existing policy or
implementation programs.

Current policy and implementation programs are
reversed and development occurs without high-level
planning intervention or Urban Growth Boundary (UGB).

Strong infrastructure investment and high-level planning
interventions focused on Melbourne 2030’s Principal
and Major Activity Centres.

Strong infrastructure investment, and high-level
planning interventions as outlined in Melbourne 2030,
including development of urban fringe growth areas.

Half of future population growth and all future
employment growth concentrated in an enlargened
CBD.

As above, but with no new off-street parking permitted
in this larger CBD area.

Future growth directed to the inner-city, ‘transport-rich’
areas of Melbourne, including the CBD.

Urban growth directed toward key outer suburban
centres, while primacy of CBD maintained.

Urban growth directed toward key middle ring suburban
centres, while primacy of CBD maintained.

Large-scale residential and employment development
confined to within 400 metres of a railway station or
tram-stop, with expansion in public transport capacity.

In developing scenarios 3-10, the guiding directions were that:
(1) the scenarios should aim to produce a noticeable and significant downwards shift in energy
consumption and emissions;
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(2) scenario outputs should:
reduce trip lengths (VKTS);
achieve a mode shift to public transport; and
avoid infrastructure investment that encourages dispersion;
(3) scenario inputs would include:
- increases in residential density around public transport nodes;
‘fit-for-purpose’ public transport (including adequate capacity, as well as optimal
service frequencies and running times); and
the addition of 865,000 persons and 450,000 jobs (as per the 2004 VIF population
projections).

The scenarios can be classified into three broad groups, describing three basic patterns of urban
form and infrastructure provision, namely:

(a) Base Case, Non-Intervention, AC, and AC/Growth Areas Plus;
(b) Super CBD, Super CBD plus car parking restrictions, Inner City; and
(c) Polycentric Middle, Polycentric Outer, and Linear.

The Base Case, Non-Intervention, AC and AC/Growth Areas Plus scenarios are largely focused
on the impact of existing trends, policy and program developments. The variations between the
scenarios relate to the degree to which the policies and programs are implemented, from low
implementation, as in the Non-Intervention scenario, through to high implementation, as in the AC
and AC/Growth Areas Plus scenarios.

The Super CBD, Super CBD (with car-parking restrictions) and the Inner City scenario all
reinforce a mono-centric Melbourne based around the Central Business District. These scenarios
serve to demonstrate the significance of a very dense single employment centre on energy and
emissions outcomes. The variations between options relate, in part, to the density of the centre
and the supporting public transport infrastructure.

Each of the scenarios in the final grouping examine the impact on energy and emissions
outcomes of an urban form that involves a greater role for a limited number of key suburban
centres. These centres would be supported by complementary public transport infrastructure. The
variations between the scenarios relate to the location of the centres (middle or outer) and the
type of supporting infrastructure. Another scenario, the Linear scenario, entailed many suburban
centres leveraging off the public transport infrastructure provided by the tram and railway
networks.

5.2 The Scenario Modelling Results

Figure 12 (below) shows that, according to the modelling, all of the 2031 scenarios had an
increase in transport energy and emissions compared to the 2006 Base Case. The 2031 Current
Trend / Base Case showed an increase in emissions of up to 25 per cent, and the Non-
Intervention Scenario showed an increase of almost 30 per cent. An increase in emissions might
be anticipated given the population growth and the existing trends of increased carbon use.
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Figure 12  Changes in Total MSD Emissions and E  nergy

As can be seen below in Figure 13, however, it should be noted that all the other 2031 scenarios
(with the exception of the Non-Intervention scenario) showed improvement in total energy and
emissions outcomes compared to the 2031 Base Case. The Non-Intervention scenario showed a
worsening in both, but particularly in the consumption of energy.
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Figure 13 Comparison of scenarios to Base 203 1 in Total MSD Emissions and Energy

Figures 14 and 15 (below) show that the following scenarios have, more or less equally, the best
results in terms of total transport energy consumed and total emissions produced: Inner City;
Polycentric City/Outer Centres; and Polycentric City/Middle Centres.
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The Inner City and Polycentric City scenarios have similar emissions totals, but for different
reasons, reflecting their respective advantages and disadvantages from the viewpoint of urban
form. For example, the Inner City scenario, with its concentration of employment and residential
growth in the more ‘transport-rich’ core of Melbourne, results in a higher public transport mode
share overall, but this is substantially offset by the number of people in outer suburban areas
continuing to commute the longer distances into the Inner City for the purposes of employment.

In the Polycentric scenarios, meanwhile, improved job-to-residence ratios in certain outer
suburban areas would result in lower trip numbers and distances overall, but the lower residential
densities near public transport infrastructure (i.e. relative to the Inner City scenario) would result in
the public transport mode share being lower than in the Inner City and Super CBD scenarios. In
other words, more journeys would be undertaken by car than in the Inner City scenario.

Ranked just behind the Inner and Polycentric City scenarios, in terms of energy and emissions
totals, are the Linear Development and Super CBD scenarios. The Linear Scenario included
substantial development within walking distance to railway stations, from which, as to be
expected, a high mode share to train travel resulted. This high train mode share was, however,
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countered by a low mode share to buses, reducing the amount of overall travel by public
transport. Employment which could not be accessed directly by train encouraged private motor
vehicle use. This resulted in the Linear scenario having higher VKTs and correspondingly higher
energy and emission outcomes than the Polycentric, Inner City and Super CBD scenarios.

The results for the Linear Development scenario shows that there is thus much to be gained by
locating residential growth in close proximity to public transport, and that residential growth on the
urban fringe should best be located close to railway stations. Yet it also shows that land-use
planning along transport corridors on its own may, in the future, be of limited usefulness as a way
of managing transport energy consumption.

One might have expected the Super CBD scenarios to have ranked highest in terms of total
energy and emissions, given that (1) they involve the highest degree of urban compaction among
the scenarios, and (2) they were the only scenarios to include major public transport infrastructure
improvements such as railway line extensions and a cross-city rail tunnel, as well as electrification
of the Sunbury to Melton line. That the Inner City scenario should, however, have exhibited a
better performance in regard to energy and emissions than the Super CBD scenarios
demonstrates the value of improved tram running times and the benefits that can accrue from
capturing more inter-peak trips to tram travel. This in turn shows the particular benefits to be
gained from improving the performance of existing public transport infrastructure, and of focusing
urban development in already transport-rich areas, particularly that area bounded by the inner
tram network.

It should be noted that the higher public transport mode shares exhibited by all scenarios based
on high growth in inner areas (see Figure 16, below) shows that, together, they have greater
scope than other scenarios for a further, substantial lowering in emissions, should more
renewable energy sources be developed to power trains and trams.
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Figure 16 MSD Public Transport Mode Share

The scenario that performed the least well, compared to the base case (and excluding the non-
intervention scenario), was AC/Growth Areas Plus. Despite the fact that this scenario contains a
number of initiatives intended to encourage mode transfer away from private cars, it nonetheless
has, overall, a public transport mode share (8.3%) only marginally higher than the base case
(7.9%) and Non-Intervention (7.4%) scenarios, and one that is substantially lower than the
remaining scenarios. This may be explained by the fact that the scenario also allows for
significant development in outer Growth Areas on the Melbourne fringe, for which public transport
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provision is limited and where adequate public transport is harder and more costly to implement
than in inner metropolitan areas. This indicates that increasing residential densities in outer
growth areas will have little impact on energy and emissions outcomes unless VKTs are also
lowered. In other words, fringe growth is undesirable from an energy and emissions perspective if
it either facilitates or stimulates more driving or longer car journeys.

5.3 Conclusion

The initial findings of the Macro-Urban Form, Transport Energy and Greenhouse Gas Emissions
project show that improvements to Melbourne’s transport energy and greenhouse gas emission
outcomes will be difficult, although specific land use development and transport infrastructure
investments decisions can have a significant impact.

In short, the findings from scenario modelling show that:

Significant increases in development in the CBD and CBD-frame,
supported by an expanded radial train network, worked well;

Expansion of development in the Inner areas, particularly the areas covered
by the tram network (and supported by significant improvements in tram
running time), all worked very well;

A significant increase in the development of the key Middle and/ or Outer
Activity Centres (10-12 evenly spread across metropolitan area), supported
by a significantly improved regional and sub-regional bus network focused
on each centre, also worked well;

Non-Intervention or very successful current policy initiatives did not achieve
significant energy or emission outcome improvements;

In the AC/Growth Areas Plus scenario the benefits achieved by having high
density in rail corridors were outweighed by the lengthening of VKTs due to
dispersed urban fringe development (even if that development is at higher
density than presently);

More analysis needs to be done into the effects of further development or
extension of outer metropolitan Growth Areas on energy and GHG
emissions outcomes;

In the Inner City and Super CBD scenarios, the energy benefits were
proportionally greater than the GHG benefits, indicating that there is scope
for further reduction in GHG emissions if more renewable energy sources
become available to power trams and trains;

PT mode share of around 12-16% supports energy reduction of around 10-
18%; and

All 2031 Scenarios produced an increase in total energy and emissions
outputs compared to the 2006 Base.

On the basis of these results, it may be argued that to effectively reduce both VKT and transport-
related emissions in Melbourne, significant urban development is required not just in inner areas,
but also in middle and/or outer suburban activity centres.

Next steps for this project will include a further study of the energy and emissions profiles of outer

Growth Areas under certain scenarios, and a consideration of the impact of urban form on energy
and GHG emissions outcomes as it pertains specifically to freight transport.
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Appendix 1 Model Assumptions

The Department’s Melbourne Integrated Transport Model (MITM) was used to calculate the
number of motorised trips and mode of travel generated in Melbourne. The trip results were then
converted to transport energy outputs. Results were produced for each transport zone within the
Melbourne Statistical Division.

MITM is based on the traditional four-step approach to transport modelling.® It produces results
for a 24 hour period, and has separate model components for the AM and PM peak periods, inter-
peak and off-peak periods. These reflect the different travel patterns that are experienced across
the day. MITM’s zone system has been disaggregated to 2253 zones (plus 19 external zones not
used in this study). The model allocates trips between eight home-based and six work-based trip
purposes, covering while collar, blue collar and educational activities.

Ordinarily, one might allocate the outputs of the AM and PM peaks separately, based on the
different AM and PM trip origins. However, as the purpose of the analysis was to reveal the spatial
spread of transport energy outcomes across Melbourne, particularly for residential locations, the
outputs for the PM peaks were allocated to the zone of origin for the AM trips (i.e. the initial point
of departure and final destination for commuting journeys). This was done for residential zones
only, so as to capture the spatial impact on dispersed residential locations. If trips home were not
recorded according to AM zone of origin (but, rather, to the PM zone of origin, i.e. where the jobs
are), this would produce results not accurately reflective of the transport energy efficiencies of the
resident zones. In other words, emissions and energy outcomes would be significantly higher for
high employment density areas (such as the CBD) than their resident populations might otherwise
lead one to expect.

The MITM model is used primarily to test strategic transport infrastructure options. Land use
components are provided as exogenous inputs, as is the case with the traditional four-step
models. This means that both different land use scenarios and different transport investment
scenarios, or different packages of land use and transport, can be tested.

Transport Energy Assumptions

Using the MITM model, transport energy outcomes were able to be calculated for private motor
vehicles, buses, trains and trams, with the results produced at the transport zone level. Outputs
from MITM include: the total number of trips; total distance travelled; and total travel time of each
trip made in each transport zone in Melbourne. The average travel speeds can be calculated from
these figures. By applying fuel consumption rates, mode share and vehicle occupancy rates, as
well as energy consumed per trip, energy consumed by trip kilometre and energy consumed per
passenger kilometre can be calculated for each transport zone.

For private motor vehicles and for buses, energy calculations were derived from estimates of fuel
consumption rates. Different rates applied depending on estimated travel speed.

For trains and trams, estimates of vehicle electricity usage rates, based on estimates specific for
the Victorian electricity industry, were used.

Private motor vehicle (PV) fuel consumption rates (FCR) were estimated using the Austroads
Urban Journey Speed VOC Model® .
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O/ PO FCR (L/100km) = 0.361 + 528/Average speed +0*Average speed +
0.000785*(average Speed)"2

Private vehicle energy usage rate of 34.2 megajoules per litre (MJ/L) were sourced from the
Australian Greenhouse Office: Factors and Methods Workbook Table 3.

Private vehicle energy usage rates for MJ/ per vehicle kilometre were calculated as follows:
(2).eiiiiens PV (MJ/veh-km) = PV FCR (L/200km)/ 100* Energy Usage Rate (MJ/L)

Bus fuel consumption rate of 26.7 L/100km was sourced from the Australian Greenhouse Office:
National Greenhouse Gas inventory Analysis of Recent Trends and Greenhouse Indicators 1990-
2005, Table 12. Bus energy by vehicle kilometre was calculated as follows:

() T Bus (MJ/veh-km) = Bus FCR (L/100km)/ 100* Energy Usage Rate (MJ/L)

Energy per passenger kilometre was calculated by adjusting MJ vehicle kilometre rates by vehicle
occupancy. Private vehicle occupancy rates applied were the average workday figures from the

VATS data base.

The public transport vehicle occupancy rates for bus, tram and train were those average all-day
figures as reported by the public transport system regulator.

Total person trips taken by mode were calculated as follows:

() PO Total person trip by mode = total trips by origin zone x proportion of mode trips in
the SLA.

Total trips by mode were calculated as follows:
(). Total mode trips = total person trips by mode / average mode occupancy rate.
Distance travelled by mode was calculated as follows:

(5) I Mode (veh-km) = Total mode trips x average PT trip distance for Transport Zone.

Greenhouse Gas Emission Assumptions

The Land Use, Urban Form and Transport Energy Project incorporates assumptions based on
estimates of greenhouse gas emissions for each transport zone across Melbourne (according to
current energy sources and infrastructure). The macro urban form typologies discussed previously
can also be used as a tool for examining the emission results.

It can be anticipated that emission outcomes will not mirror the transport energy outcomes. The
reason is, firstly, that different transport modes have different greenhouse gas emission profiles
for the energy they consume per passenger kilometre, and that, secondly, the mode split may
vary across transport zones. That is, while two transport zones may have the same energy
outcomes, different mode shares will lead to differing emission levels.

The conversion rates used in the study are as follows:
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Private Vehicles = 170 grams of greenhouse gas emissions (CO2-e) per passenger-km
(source: Reference: AGO: National Greenhouse Gas Inventory Analysis of Recent Trends
and Greenhouse Indicators 1990-2005,Table 12)

Bus Emissions Rate (grams per pass-km) = Emissions Rate (kg / GJ) * Energy Rate (MJ /
veh-km) / Occupancy Rate (pass / veh)

Tram Emissions Rate (grams per pass-km) = Emissions Rate (kg / GJ) * Energy Rate (MJ
/ veh-km) / Occupancy Rate (pass / veh)

Train Emissions Rate (grams per pass-km) = Emissions Rate (kg / GJ) * Energy Rate (MJ
/ veh-km) / Occupancy Rate (pass / veh)

Emission rates of 77.6 kgs per gigajoules for buses and 368 kgs per gigajoules for trams and
trains were applied (source: AGO: Factors and Methods Workbook, Tables 3&5).
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Appendix 2 Scenario Attributes

Scenario / Variant

Current Trend

Continue development that accords with current planning and transport frameworks including
Melbourne 2030, Victoria Planning Provisions, Linking Victoria, Linking Melbourne, Meeting our
Transport Challenges, etc.

Continue current implementation programs currently in place, such as Growth Area plans, Structure
plans, Activity Centres and Transit Cities

Scope to vary Urban Growth Boundary in the longer term
Continue average economic growth of past decade

Continue current employment and residential distribution
Continue current road and public transport infrastructure provision

Non-Intervention

Development of metropolitan Melbourne continues without any high-level planning intervention, i.e.
Melbourne 2030 or other metro-wide documents.

No Urban Growth Boundary

No further development of the public transport network occurs other than that envisaged in Melbourne
2030

Statutory development controls e.g. zone and overlay provisions remain
Continue average economic growth of past decade

No limit to spatial extent of metropolitan development

No minimum dwelling density requirements around activity centres

No minimum employment density requirements around activity centres

AC

Continue growth in corridors designated by Melbourne 2030, but with emphasis on new rail public
transport infrastructure close to the outset of development

Forty-five per cent of Melbourne’s future population and employment growth to be in Melbourne 2030’s
Principal Activity Centres, Thirty-five per cent in the Major Activity Centres and the remaining ten per
cent in the CBD and its immediate surrounds.

Improved mode integration and transfers

Community/education/health etc. facilities to locate within activity centres
Permeable pedestrian networks/grid street structure/natural shading
Restrict and reduce car parking capacity within 400m of activity centres

Large-scale upgrades in growth areas to on- and off-street bike and walking infrastructure, widespread
reallocation of road space to favour bikes at expense of other vehicles, large-scale increase to provision
of on and off-street end of trip facilities

Continue average economic growth of past decade
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Scenario / Variant

AC Growth Areas Plus

Continue growth in corridors designated by Melbourne 2030, but with emphasis on new rail public
transport infrastructure close to the outset of development

Increased job and dwelling densities within 400m of activity centres
Improved mode integration and transfers

Community/education/health etc facilities to locate within activity centres
Permeable pedestrian networks/grid street structure/natural shading
Restrict and reduce car parking capacity within 400m of activity centres

Large-scale upgrades in growth areas to on- and off-street bike and walking infrastructure, widespread
reallocation of road space to favour bikes at expense of other vehicles, large-scale increase to provision
of on and off-street end of trip facilities

Continue average economic growth of past decade

Average residential densities of 50 dwellings per hectare within 400m of rail-based activity centres
Average employment densities of 30 jobs per hectare within 400m of rail-based activity centres
Average 25 dwellings per hectare as minimum across growth corridors

Super CBD
Emphasise and increase the primacy of the CBD (defined by Parking Levy Boundary)

Expansion of CBD into inner ring of suburbs (Southbank, South Melbourne, Docklands, West
Melbourne, Carlton, Fitzroy, East Melbourne, South Yarra (west of Punt Rd) and St Kilda Rd)

Employment growth directed away from suburban activity centres and out-of-centre development to the
CBD

Residential growth directed to the CBD

Public transport infrastructure and services to/within CBD enhanced to maintain capacity and overcome
congestion

Radial rail network enhanced, higher service frequency to CBD, more express services
Tarneit rail line and cross-city rail tunnel

Electrification to Sunbury and Melton

Restrict and reduce car parking capacity within the CBD

Improved feeder services to radial rail network

Large-scale bike upgrades in inner Melbourne

Strong link between non-car transport infrastructure provision and Development Contributions

Super CBD - Parking Prohibition Variant
Same as Super CBD Approach except no new off-street car parking permitted within CBD

Prohibition of new offstreet car parking in CBD
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Scenario / Variant

Inner City

Increased residential and employment growth in the inner city area (broadly defined by the ‘core’ tram
network) and CBD

Improved radial rail/tram public transport to serve access to/within inner city area

Improved mode integration and transfer between feeder services to radial rail/tram network

Faster tram running-times

Large-scale bike upgrades in inner Melbourne

Restrict and reduce car parking capacity within the CBD, inner city and 400m of rail stations/tram stops
Strong link between non-car transport infrastructure provision and Development Contributions
Continue average economic growth of past decade

All metropolitan residential growth shifted to CBD and inner city

All metropolitan employment growth shifted to CBD (50%) and inner city (50%)

Polycentric City — Outer Centres

Direct employment and residential growth towards CBD and the outer suburban centres of Frankston,
Dandenong, Ringwood, Epping, Broadmeadows, Airport and Werribee

Retain the primacy of the current CBD

Retain current employment and residential levels in current CBD

Retain existing dispersed suburban employment areas

Major Community/education/health etc facilities to locate within the selected centres

Large scale capacity increase to orbital and local bus networks to link the selected centres
Improved mode integration and transfers

Permeable pedestrian networks/grid street structure/natural shading in the selected centres
Restrict and reduce car parking capacity within the selected centres and the CBD

Strong link between non-car transport infrastructure provision and Development Contributions
Continue average economic growth of past decade

All metropolitan residential growth to be directed to, and evenly split between, the CBD and outer
centres

All metropolitan employment growth to be directed to, and evenly split between, the CBD and outer
centres
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Scenario / Variant

Polycentric City — Middle Centres

Direct employment and residential growth towards CBD and the middle suburban centres of
Southland/Cheltenham, Oakleigh, Box Hill, Doncaster, Heidelberg, Preston, Coburg, Moonee Ponds
and Footscray

Retain the primacy of the current CBD

Retain current employment and residential levels in current CBD

Retain existing dispersed suburban employment areas

Major Community/education/health etc facilities to locate within the selected centres

Large scale capacity increase to orbital and local bus networks to link the selected centres
Improved mode integration and transfers

Permeable pedestrian networks/grid street structure/natural shading in the selected centres
Restrict and reduce car parking capacity within the selected centres and the CBD

Strong link between non-car transport infrastructure provision and Development Contributions.
Continue average economic growth of past decade

All metropolitan residential growth to be directed to, and evenly split between, the CBD and middle
centres

All metropolitan employment growth to be directed to, and evenly split between, the CBD and middle
centres

Polycentric City — Middle Centres Orbital Rail Vari  ant

Same as Polycentric City- Middle Centres approach, except that the selected centres in each Variant
are linked by orbital rail/metro lines to facilitate non-radial rail travel.

Orbital rail/metro lines would connect the middle centres and also connect with existing centres located
away from major public transport networks (e.g. Chadstone, Knox City, Doncaster).

Branch rail/light rail links connect from Monash and La Trobe Universities directly with the orbital rail line
at Oakleigh and Northland respectively

Tram network improvements to better link inner city contra-flow travel with orbital rail e.g. trams to
Doncaster, Oakleigh, etc.

Continue average economic growth of past decade

All metropolitan residential growth to be directed to, and evenly split between, the CBD and middle
centres

All metropolitan employment growth to be directed to, and evenly split between, the CBD and middle
centres
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Scenario / Variant

Polycentric City — Principal Public Transport Netwo rk Variant

Same as Polycentric City — Middle Centres Orbital Rail Variant except a major upgrade of PPTN bus
services creates a web of public transport links.

Orbital rail/metro lines would connect the selected centres to each other circumferentially around the
metro area whilst a major upgrade of PPTN bus links on the grid suburban arterial roads would connect
the selected centres directly with each other and to dispersed residential areas.

PPTN upgrade would include higher frequencies, reallocation of road space, bus priority, higher speeds
and seamless transfers

New rail/metro lines would also connect with existing centres located away from major public transport
networks (eg Chadstone, Knox City, Doncaster)

Continue average economic growth of past decade

All metropolitan residential growth to be directed to, and evenly split between, the CBD and middle
centres

All metropolitan employment growth to be directed to, and evenly split between, the CBD and middle
centres

Linear Development

All development resulting in office and retail employment over 100 jobs must be located within 400m of
railway stations/tram stops with a particular focus on the inner city

Industrial uses, typically requiring larger lot sizes and connected to amenity concerns, can be located
further away from rail public transport network

Large-scale capacity increase to rail network and orbital and local bus services across metro Melbourne
New rail lines to Doncaster, Rowville, Mernda, Tarneit

Improved mode integration and transfers

Permeable pedestrian networks/grid street structure/natural shading across metro Melbourne
Large-scale bike upgrades across metro Melbourne

Restrict and reduce car parking capacity within 400m of rail stations/tram stops

Strong link between non-car transport infrastructure provision and Development Contributions

Continue average economic growth of past decade

Average employment densities of 100 jobs per hectare within 400m of railway stations/tram stops
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